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DESCRI PTI ON BENZOXAZOLE RESI N PRECURSOR,
POLYBENZOXAZOLE RESI N, RESIN FI LM AND SEM CONDUCTOR
DEVICE 5 TECHNI CAL FI ELD The present invention
relates to a benzoxazole resin precursor, a
pol ybenzoxazole resin, a resin filmand a
sem conduct or device. 10 BACKGROUND ART As the
interlayer insulation filmfor sem conductors, oxide
films (SIOx filnms) DPESERERTIONaccordance with the
chem cal vapor deposition process (the CVD process)
are mainly used at present. However, due to the great
permttivity, the use of inorganic insulation filns
BENZOXAZOKEIBESSN PRECURSOR, dPORY BERZIONAZOAYE, RESTSN,
sem conductors exhibiting nore excellent performance
are reqBESAY Filhdr AND SEMHKeOAIRpUCRORIPEVICE gani ¢
materials to obtain interlayer insulation filnms having
a small permttivity is studied. For the organic
[ for the interlayer insulation film
TE resi stance and el ectric properties and
ermttivi are rg}uired. Her et of or e,
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However, polyim de resins have drawbacks in that heat
resistance 25 is poor, permttivity is great and
BACRGHOUNBRgeTPtion is great, and the application of

polyi m des has been limted to sone types of

sefisctilisterlayel RIsRNBNGS FInE HoRSsehhitOh@ictors, oxide films
sem conductor el enents fromthe standpoi nt of

(SiOx films) prepared 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 organi_c 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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the reliability. Although pol yqui noline resins and
pol yqui noxal i ne resins exhibit a conbination of nore
excel | ent heat resistance, a smaller permttivity and
5 a snmaller noisture absorption than the polyimnde
resins, polyquinoline resins and pol yqui noxal i ne
resins are thernoplastic, and patterns of the resins
are defornmed when the resins are exposed to a

clerh GRRESRHIEE Hii SR8rsertidaRdhSr Pi&Dentd gﬁfﬁ the rétaxégp%lint of

tenperature. This phenonenon occasi on caus
the pelddbidinyi n t he production of semi conductors. 10
[ Patent Reference 11 Japanese Patent Application Laid

Opdiitidmgh ROI3Qui:E 53 rddi 56@AURRy @i nbia LM O it a
B(esgnt i nvention has an object of providing a

combaratoxa b neoreldkcelsint hpat cesistmeshhcimelléi peimittivity and
excel l ent heat resistance when a pol ybenzoxazol e

a smpalpn meispuespgbeerptiomthae theepolysmide Fheings gsintuinoline
.nvention has a _further object of providing a

resipg apdeRolyaRxalmes resinn @ra thezmepiastin ewie batterms of the
.excel lent heat .resj stance and a snmall permttivity

resifih 475 dedmmish FTL et BRAIES A58 eRROSLte @ SPmBCTRiHTetigher
The abpve objects can be achieyed by the present

thar] e BRES BRbEH G dAheaTefiTer o/ifa SR ompngn wecasiopally

) 0; l e resi.n_pr.ecur.sor; c rising a
caudebla Bt SraRRlin R SERUEHERRE '

O ARCHEHIE SO ON A0 Py AR F3kf open o

2000-9pg8E8Ng unit which is a 25 group selected froma
group consisting of (a) repeating units obtained by
reaction of a bi sam nophenol compound 2 having a
di anondoi d structure and a di carboxylic acid conpound

DIS6ROSIJRE 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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no di anondoid structure; (b) repeating units obtained
by reaction of a bisam nophenol conpound having no
di anondoi d structure and a di carboxylic acid conpound
having 5 a dianondoid structure; and (c) repeating
units obtained by reaction a bi sam nophenol conpound
havi ng a di anondoi d structure and a di carboxylic acid
conmpound having a dianondoid structure. (2) The

havies 204 REe0 R s SitPudu®e Wiih desfidxEd ddd Q:&bpoWﬁuCHavmg
conprises a 10 second repeating unit obtainéd

no diaaciridetd efruethiresam nophenol conmpound havi ng no
di anondoi d structure and a di carboxylic acid conpound

(b) hzepeaging ondisaokimdioéd byt reactionenf 4 Bisakhindpdenok admipeund
resin precursor described in any one of (1) and (2),

havigg e diamendgid strgonce and acdicarbixylisormiédotpoand having
functjonal group other 15 than the di anondoid

a @P%Q}Ei%‘flétﬂ{cl’)lreﬂﬁ@dbenzoxazol e r eS| n precursor

© described in a one g (1) to mhereln one or

O pERNPASIE I OF iR66h ﬂoafef*@élﬁﬁoanhmﬁwmﬁg pgol compound

d| anmondoi uctu e and,thg di.carhoxyljc acid
Dot oi St b AP HoRY B e Cormpouad bt o

nctlonal group other 20 than the

d1ax%3}i dé' gc l}li‘ructure (5) The benzoxazole resin

(2) p‘%‘ﬁ@:}f am)n% grﬂe? él:qugr aggcrﬁ)geas ?ﬂ (ip v&ﬁ"i)ch co%ﬁrigésna

ure IS a

secofd Ftﬁie%@lﬂgr AMtSbtaIRMPbY PE9d R H8a %&sﬁﬂﬂf%%%% gBund

di amantyl group, trianmentyl group, tetr nty
havienhardantndeid Hﬁ,ucﬂ@@mw&mﬂﬂﬂ}kprhchﬁm R b)c'lhdzl‘?avmg
group, octamantyl group, nonamantyl group, decananty

no dinmemdoidistiectummnt yl group, bi adamantyl group
triadamantyl group, 3
(3) The benzoxazole resin precursor described in any one of (1) and (2),

- wherein the diamondoid structure is bonded to a functional group other

than the diamondoid structure.

(4) The benzoxazole resin precursor described in any one of (1) to (3),
wherein one or both of the bisaminophenol compound having no
diamondoid structure and the dicarboxylic acid compound having no
diamondoid structure are compounds having the functional group other
than the diamondoid structure.

(5) The benzoxazole 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, diamantyl group, triamantyl 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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t etraadamantyl group, pentaadamantyl group,
hexaadamantyl group, heptaadamantyl group,

oct aadamantyl group, nonaadamantyl group,

decaadamantyl group and undecaadamantyl group. (6) The
benzoxazol e resin precursor described in any one of
(1) to (5), 5 wherein the dianpondoid structure has an
al kyl group. (7) The benzoxazol e resin precursor

. . o eh
el Bro BPRLPqho b Wb upe MraP e Bty Lrou.
hephtagd amandgE! ylotpe Q&!&‘Ada@ntgg eg&?{ﬁi? ﬁ?ﬁg%g?&%%l group,

precursor described in any o 0

decwhésiamtiherdipCah Rk fadeind dis at |east one
conmpound sel ect ed frgn1% groﬁ%ﬂggﬁgpéting of phthalic

(6) adihe, b sdxenshi ecdai preddsodHpLS ; i i d.
(9) The benzoxazol e ?esi n precur %érdjl(ljlges}{:@ioéég ‘ffnﬁgn’%’ (®),

wheeen the (iymond6®) struvhaedias dballdicanhpxyl i c acid
havi ng a di anondoi d structure is at |east 15 one

(7) dilbar bexaxiagolec rebineprcueshrf desoribegr URIGOBSE i (39 18f (6)
adamant ane di carboxylic acid, biadanmantanedi carboxylic”’

wheyerny the duretienaldarenipt eiher thaoahebtiaytdrtloid istrudtd) hihan

nzo azgle resin precursor described in any one of

acei%%nq 0R8), wherein the first repeating unit and the
®) 3581 Yrragale, Fenia nreRbsoarenserives im precameat (1) to (),
whelERPLRDAt Bol s puli et compr L oes o Lhird repeat i ng o
from N H’él&) [ Jclmsﬁ?:ﬂgxlgpz%h%hélic acid, bisbenzoic acid and
biphenyldicarboxylic acid.

(9) 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 g 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—C—Y{—C L1]
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wherein Rl and R2 each independently represent
hydrogen atom or an organic group; k represents an
integer of 2 to 1,000; 5 X1 represents at | east one
group selected froma group consisting of. groups
represented by following fornmulae [2-1] and [2-2]: 10

15 20 25 5p s\ ;-(Adm p p 10 no-6P4occ -(Pdmp
QA p[2-11 15 o-0-0lGApocc ISOI I~0O-1 20 p
whe®bm (Admp Oi 256 L ~1 1-0

Ry and Ry each independently represent hydrogen atom or an
organic group;
k represents an integer of 2 to 1,000;

X, represents at least one group selected from a group consisting of:

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



5 10 1j j [2-21 15 O- (Admp ri (Adm) | (AdmM |j
041C'~r~ p 20 (Adm) (Adm \I11 U Ul p 25 (AdM.
(Adm \ 1 O~~ (Admp ~\i 7 Admrepresenting
adamantyl group which is a smallest unit of the

di anondoi d 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 smaller, and 5
groups represented by following formulae [3] (Adm P
(X2)Aq = ((Z) r Ar (2) (Adm V(X2) q (X2) q-(Adm) p

[ ", (X2) g-(Adm) p (AdmM p-
jfj - & (Adm) p (X2) qg (X2) ¢q
/ N
BN

pPERCIESE [ }

R G
X Zro-tmamp—of 1 . [2-1)

G0} feex

e geex

B <

oy 3o X

Ln

25
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(Adm P (Adm) p 15 Admrepresenting adamantyl group
which is a smallest unit of the dianondoid structure,
p representing a nunber of 1 or greater and 12 or
smal l er, X2 representing ethynyl group or propargyl
ether group, Z representing -0-, -SO2-, -CH2-,
-C(CH3)2-, -C(CF3)2- or an aromatic 20 group, A
representing an aromatic group having a functionality
of .3 or greater, r representing O or 1, and ¢
presentling an integer of 1ito 4; and Yl represents
one group selected fir oup consi sting
sj represented by folll ow ormula [41: 25 8
-C1 | 6~11 671 1 redenti ng at | east

gm a group consisting of groups
kﬁgégf ( Ir / 20 CF3
0 ~
_v W Y% _0 / 00_ 25 |

(Adm)i (Adm)l
g [ NS
NS Lo

P

(Adm) ; (Adm) ;
“h e N,
NG N2 =

p
(Adm), (Adm)




9 groups expressed by follow ng fornmulae [6.1] and
[6-2]: s CCH\W\CH\CCH 10 HO CCH HC C C-CH HG C
Q\WWCH ySt H& \CH HC' Cc [6-1] 15 ~~ CHH3-~~\
CF33-~ HCC OH3 CCH HC~ CF3 \CCH o~ \ S02 /~ 20 CH3
CHCF3 C CHCHX~ CF- CQCHC-CH 25 10 5 CCCHHCC
CQCHCQCHHC CCH i 10 CH2(I~~2 / CHR | a~l 0 \CH \CH
ioCH 0 [6-21 15 CGCHO 1CH - C-CH/ -

Adm representing adamantyl group which 18 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,

and
groups represented by following formulae [3]:
(Adm)p
(Xz)q
KD—(Z)—Ar @Oy e p-O ax >-0X) a-(Adm) p
(Adm)p—{Xz)q/, :Z(XZ)Q (Adm) p
\\_| ' |_/
[3]
ﬁ}(z"c\ A =000y —
N ) \/ 2) d- (Adm) p
(Xz)q (Xz)q

(Adm)p  (Adm)p

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, Xy representing ethynyl group or propargyl ether group, Z
representing ~O-, -SOy-, ~CHy-, ~C(CHy)g-, ~C(CF3)y- or an aromatic
group, A representing an aromatic group having a 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 formula [4]:



20 4XH 8H'" NCH NCH 25 11 groups represented by
followng formulae [7-11 and [7-21: 5 QCRCCGCR
CCR10 RCo~GCRRGCG \WGCGRRC CSCGR G C bSCs
CR C CCRRC $CR[7-11 15 -CR041, H3 C ~II \
cF3 &G CB CIX'"t-RRC\W\GR Sot ~. ~~ 20 07--
CH3 CC-R X 017-- CF3 X CH ~ CF CGCR C~CR 25 12 J v
QA -//IcAd - \GGCCCCRRCCRRRC\GR CHR20

5

0 G 4 N
iuiieclise

NG P4

J1) }ij@
O o

[4]

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

groups expressed by following formulae [5]:

S 0"
¥ S _"“'/0/
s 0y OO
_gFg CHs [5]
CF3 CH3
NN = 0"
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10 Q& GR. CSCGR SCR[7-21 15 CA\C RX\ pCGCR
/CSC-Rj~ 20p 0O CR\ / p/-\ "CRCSCR 25 13 R
representing an organi c group, group expressed by
followng formula [81: \ / C=C[8] 5 and groups
expressed by followng formula [91: ICE | OP/ [9l.
to (12) The benzoxazol e resin precursor described in
(1), which conprises a fourth repeating unit

NG vo: S otRT bk S T (R Formthi B anaeidl
i ndependently represent hydrogen atomor an organic
group;

Ay | N4
& U U@
G C
QCH QbH bu
Ny N N S
EQ;j H”/ ’J ﬂ;:: | gj
A N ///C Gy G

He?
CH [6-1]
3 CF3
CF f jc;: )
“CH
N S
| j: 0 | /;L i:21~302—11:f
CHy ~CH
OENS NN L
~ CHs ,<C | Y CF3| ’g
o Coo

10
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20 mrepresents a nunber
a group selected froma g
groups represented by for
whi ch are described in (
| east one group sel ected

of 2 to 1,000; X1 represents
roup consisting of the

mul ae [2-1], [2-2] and [3],
11); and Y2 represents at
froma group consisting of

25 groups represented by follow ng fornulae [11.1] and

[11-2]: 14 ILVT -(Adm) P
(Admpi 10 p [11.1] 15 O-
Jo-U p250 7(Adm p \

ppSIi~I~~ 1~ pt
0-(Adm p-0-0~ 1~-000 20 p
O15Ji 5_p 10\ 00O

N X \ /£ N L
&\g a5 L1 L]

Co/

® N
fCH Hd% \CH
|/J\GHZ\/\/
G
NeH
C
\
\\CH
—— _/C///,CH
Yy
Pas
\ 2
Cson

(6-2]

-CH

11
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p[11-21 15\1 (Admp Or (Adm (Ad m /020 p
(Adm) (Admi p 25 (Adm). (Adm) i Or  \' O (Adm p
16 and groups represented by followi ng fornulae [12-1]
and [12-21: cu, 5\ C (Adm P (Adm p-C C (Adm p
5C (Adm p (Adm) p-CC (Admp 10 Cro X1 / ~C
(Adm) p (Adm) p-C~ G (Adm p 0 [12.1] 15 (Adm p-C
CeC (Adm p 01/-S02-C (Adm p-C C3C (Adm) P CH3 /
groups represented by following formulae [7-1] and [7-2]:

\\ s =
& D N )
=¥ NG \C - X
R ‘o “ox
Ny S
I, ﬂ\\ /] ﬁ\\ &
L% i X
7 Y
RC Ve rc” R R0 %R
N oA
DEaS DA
I~ ’\C G/ = ,<G
rR-¢” CR R’ R
oH [7-1]
\ Y CFs
IPEME e
/C 3 =X C/ P GF?, =5
R-¢” SR p? R
T ey
7 X L/ X
C-R s
CHs . OF s C-R
1\\ G | /j |\\ C | \/“]
Sc-R C\\C“R

12
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C CC CCF3 (AdM p- ".C (Adm) p rii CF3 ~3 C\ 20
0 (Adm) p-CCC (Adm p ~<~S02] OWGC (Ad m p
C C (AdM) p CH3/ CF3CH3 CI C~ 25 Q\C (Adm P
C~ C (AMm P 17 //1 C\C (AdM p (Adm p-C C
(Adm p C10 G (Adm p (AdmM p-CC (AdM p , Q7
cli CH2c 21 O—~A I IX ~C (Adn) p ct, (12-2] G
(Adm) pi _ off- (AdmM p 151 \ / C\
S OO o
GR R-C C-R N \
C-R R—C/// o-R
\ S =
DI S SR
e
L2
N7
C. X
\ B}
CR Ne-R
) \ o
L BN
< L)
7 \  / AF = [7-2]
“er
C-R ﬂ\j-o e
Ve _/C// - K _
% 7\ 7
ﬂ\jo F—\\‘/C/&C_R i 0—"~
S — Il//
\_¥ \_ ¥
CxcR Cxor

13
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CG (Adm p Ce,CG (AdM p \~p CoC (Adm p 20
CC(Admp \~/ ACo CG(Admp C C (Admp 25 18 in
formulae [11-1], [11.2], [12-1] and [12-2], Adm
representing adamantyl group which is a smallest unit
of the dianondoid structure, p representing a nunber
of 1 or greater and 12 or smaller, and i representing
a nunmber of 1 or greater and 12 or smaller. 5 (13)
The benzoxazol e resin precursor described in (12),
R representing e orgaowgroses the third repeating unit
described in (11).@514) The benzoxazol e resin
pr ecur s8foweexpyaseed b fpHywinghformwerli ses a fifth
repeating unit represented by followng fornmula [13]:
I0HHOO N ~NGVY2 CX3 0 R2[13] R10 wherein 15
R and R2 each in endent |y, resent hydrogen atom
or an organic g@r(}ﬁ@v@?ts an integer of 2 [8b
andl’ 000;

groups expressed by following formula [9]:

NS N
l |
FTNF ﬂ;):@ (9.

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

fourth repeating unit represented by following formula [10]:

H o HO 0

N. N—C—Y,—C [10]
X m

R{0 OR»

wherelin

R; and Ry each independently represent hydrogen atom or an
organic group;
m represents a number of 2 to 1,000;

X, 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

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

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

14
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X3 represents at | east one group selected froma group
consisting of: groups represented by follow ng
formulae [14]: 20 (2) r Ar (2) r (X2) g (X2) g [14]
OFR 25 R (X2) g I I- (X2) g-RR(X2) g~ -)(X2) g-R
R-(X2) g~< (X2)g R 19 X2 representing ethynyl group or
propar gyl ether group,, Z representing -0-, -SO2-,

4 3)2- or an aromatic group, Ar
tic group having a functionality

, presenti nAddmor 1, and q

repre éing a of 1 to 4, dhd 5 gr oups
represented by wing fornulae [151: 10 j X4 | X4
X4 | [A5] is 20 X4 representing at | east one group

sel.ectie a_graoup consisting of groups expressed
Nl |l C f ae [161: [ XCIRY 500\/
\{ CE e CH3 I
X Y

Y

P [11-1]

15
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-S02- -0 [16] 10 - _ 1 \- -vO- O 15 and Y2
represents at | east one group selected fromthe groups
20 represented by fornmulae [11-1], [11-2], [12-1] and
[12-2] which are described in (11). (15) The
benzoxazol e resin precursor described in (14), which
further conprises one or both of the third repeating
unit described in (11) and the fourth repeating unit
described in (12) 25 (16) The benzoxazole resin
precursor described in any one of (11) to (15), which
conprises a sixth repeating unit represented by
followng forpula 21 [171: HH OO0 N X3 NC Y1l-C R1O
wherein R1 and R2 epch-independently

represie df ogen atom or an or oup; n
repres n fnteger of 2 to 1,000; X3 yegpresents at
| east group selected romthe grioups represented
by fo e [ 14 ps represented by
f or nul e[ 45}-0-dnd—yd: osenfis dt . | €asty one group 10

sel ecte romth
t he groups

7 i
\

grésgﬂt%d ywif ormul ae [4],

teg) .

[ - '\/ [

(f‘dm)l (Adm) ;
g . —§i§ﬁ S
2 “F Q\;;_O_jm//

P

(\dm) ; (Adm) ;
“h N ok
YR > Lo

p
(Adm) (Admy

16
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(Adm)p—C/c 6= (Adm) p j ~C

expressed by fornulae [6.1] and [6-2], the groups
represented by fornmulae [7-1] and [7-2], the group
expressed by fornula [8] and the group expressed by
formula [9]. (17) A polybenzoxazol e resin obtained by
a ring-closing reaction wth 15 dehydration of the
benzoxazol e resin precursor described in any one of
(1) to (16). (18) A benzoxazole resin precursor

and QEP@Sd FdpRs&EAl by FdbvAh g BAR LA 2- ?]e Sfé % e resin

precursors selected froma group con3|s

benzoxazol e resin precursors descri bed |n (11) to
(16), which conprises at 20 | east one benzoxazol e

esi n precursor selected from benzoxazole resin

pr tHsors described in (11) to ( (19) A varnish
mhﬂehgconprises t he benzoxazol e ré;&k precur sor
descr ed in any one of (1) to %fhe

polybgﬁé resin desdm cin NN,7),or the

(& lp s 7 ok

benzoxa n precursor conpositi dévibed in

( ﬂ 25 an organi c sol vent which can di ssol ve or
dggpgrsf t he benzoxazol e resin | rsor, the

p oxazole resin or the b ol e resin
precursd& 22 conposi tion. ( ) AT |n filmwhich is
constituted WidR)the e resi ursor
descrlbed |Awgn§)£ﬂe @?H@? o (16), tﬁe {E

gxazol e resin descrlbed in (17) or the

e resin precursor conpgSttipfivglescribed 5
~X(21) The resin filmdesefibed v (20), which
has fine é@res havi ng an averag@ di anet r of 10 nn1or

smal ler. (Z2) (Kldany psi {Adpdeicri bed i npa mg
(20) and (21), which is a film selected fro "@r up

consi st of interlayer insulation filnms for
0> Uﬁj [12-1]
INF 2N

(Adm)p—c/)G C%C‘(Adm)p gsozﬁ

CHa (Adm) p-& C\\C—(Adm)p
80

CFs

. (Adm) p-G G—(Adm)p
» 0@ SN
C (Adm) p Q ’\C\\\
| - (Adm) p
CHg ﬁi:j—
C

17
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10 sem conductors, protective filnms for sem conductors
and protective filnms for etching. (23) A

sem conduct or devi ce which conprises a resin film
described in any one of (20) to (22). 15 BRI EF
DESCRI PTI ON OF THE DRAW NGS Figure 1 shows a diragram
schematically exhibiting a sectional view of an
enbodi ment of the sem conductor device of the present
invention. 1In the Figure, the mark 1 nmeans a

sem conductor substrate, the mark 2 neans a silicon
nitride film the mark 3 neans an interl ayer
insulation 20 film the mark 4 neans a copper W ring

| ayer, the mark 5 neans a |layer treated by

nodi fication, the mark 6 neans a barrier |ayer, the
mark 7 nmeans a hard nmask |l ayer, and the mark 100
means a sem conductor device, 25 THE MOST PREFERRED
EVB NT TO CARRY OUT THE [WWENTI ON 23 The

benz ol e resin precursor, &h pol ybenzoxazol e
resin, Ghe resin filmand ti $enm conductor device of

the predenfAdnyventi ol Admipbe desckhBBADI n t he

follomnng The benzoxazol e resin precursor of the
en nventlon isa 5 co oun conprising a first
re ea hgg unit obtained by tfie r ction of a

phenol conpound and boxyllc acid
conpoun A Ie st one ich s t he di anondoi d
structuré®~ gélybedmOmaKble resilm Gfduhe present
|nvent|on | aracterized in't the
enzoxa £ resin is _obtained By the reaction of
O ben xazol e resh\precur descri bed above.
- [12-2]
| LY - (hdmy g
P\‘
A, = AI (Adm) p
I
% (o
Q%
C-(Adm)p
__c¢c_(Adm)p ﬁfj_o_éﬁpceﬂ—(Adm)D
\ 26— (Adm) p \

g g
7 Cs

,CQ&* S
C- (Adm) p “C- (Adm) p
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The resin filmof the present invention is constituted
Wth a resin conposition conprising the

pol ybenzoxazol e resin precursor or the

pol ybenzoxazol e resin. The sem conductor device of the
present invention conprises the 15 resin film

descri bed above. The benzoxazol e resin precursor of
the present invention will be described in the

- L fg+.41he R agol e | ecursor of the
in SR T PSR A A LR oL e iR eagrdamantyl
b5 I ' i t.obt aine he 20 :
Sl e e i AR it v Fepresenting
[ | i ej .he_repeating uni
B e oL e BE CAf 1 IS FRERAE H iiber
of Ibinsgrdztephagol2 gogpauad and the dicarboxylic acid
conmpound at | east one of which has the dianondoid
structure. For exanple, the benzoxazole resin
grecursor conprises a repeating unit obtained by the
(1825 Theabbhooxaiol@ rokisa praQrRenaleseaBBOURd (1BY iviGichNfirther
di anondoi d structure and a dicarboxylic acid conpoun
contprusasgtheothdirdumepetdinne shitudéserdeddn (24).r epeating unit
obt ai ned by the reaction of a bi sam nophenol conpound
(14haihegbenpzaxaanisrresinl psequrson desaitst dairl { Darauly lobmpatded a
..conpound having the dianondoid structure or a
fifth apbaating wmb rensssenteddomn follavengdarmubm [15]: a
bi sam nophenol conmpound havi ng the di anondoi d
structure and a di car boxyl i c acid conpound havi ng
t he di anondgi d ruct Ufe. The d@hnn doi d structure
may conpri tion _g¢Qg?s“g&£er t han t he
di anondoi d e or ' £he “i sgm nopheno
conpound hayi ng po:3ﬁigﬂ§ndoid strucfuge and the (18]
di car boxylic Wfbd conpeumgl having n i anondoi d
structure, it Is preferable that at |east one of the
wherein

R; 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 a group consisting of:

groups represented by following formulae [14]:

R

| SO X
Lk Q/Tl% (Z’r{\_;ﬁ
R S X K)o
R R

[14]

J(X2)g-R R=XKada = ,~(X2a-R
N\ 7/ N\ 4

R—(X2) ¢ 7 %-(X2) a-R
L ¢;ﬂ~ <!I> 4"»
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10 bi sam nophenol conpound havi ng no di anondoi d
structure and the dicarboxylic acid conpound havi ng
no di anondoi d structure has a functional group other
than the di anondoi d structure. \Wen the above
conbi nations are used, the benzoxazol e resin precursor
conprising the dianondoid structure can be obtai ned,
and the pol ybenzoxazol e resin 15 obtained fromthe
Xy beproratinigeetinsiyd groapusss gko BXbh& brédle 2Xepkl&ting
heat resistance, a great nodulus and a smal’l
-0 per-SiQg, vi €Yl -TheC(CHglyst ar®ER D, rmirshur graantial $Qube Ar
improved. It is preferable that the dianondoid
repsddenting andesmistie ¢ralpvesvis hgp |
paI kyl 11gg;oup. V\hen%trhepdi am%g%?%ﬁ%tﬁ%?ﬁgr%vﬁg% %E}ater, g
repedseylting 0up,1, aebdupidpreyentinghaninitegerXsf B8} yepts can be
i mproved. The di anondoid structure in the present
i nvent i @roups aeprasented by feldowpingsiongdlhe [Bslamant ane
structure as the smallest unit. Exanples of the
groups having the structure cqnprising the adanant ane

strugt ke as the smallest unijt include groups having
a pol lic skeleton struct 5 such as adanmantyl
gr oup, ntyl group, triagmapgiyl group, tetramantyl

group, pentanmantyl group, hexamantyl group,
hept amantyl 25 group, octanmantyl| gpgoup, jhonamantyl

ghg— undegamar BT oup.
oups ha a__plurality of
rhe 98 ycyclic skeleton structure
descri bed above. Exanples of the group having a
plurality of the groups havi ol ycyclig skel et on

Ry e -Gaser i bed above ingl ude grpups havijng an
0 o-)gﬁr re o pol y.-st'r ' )
hayt'ng a pekyeycli skel et _

group, exanples g e gr oug

.Ioolyst“ucture I ncl ude biadamant yl

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

groups expressed by following formulae [16]:
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di (1, 3-adamant ane) group and di (2, 2- adamant ane) group;
triadamantyl 10 groups such as tri (1, 3-adamant ane)
group and tri (2, 2-adamantane) group; tetraadamantyl
groups such as tetra(l, 3-adamant ane) group and
tetra(2, 2-adamant ane) group; pentaadamantyl groups
such as penta(l, 3-adamant ane) group and

pent a( 2, 2- adanant ane) group; heptaadamantyl groups
such as hepta(l, 3-adanant ane) group and 15

hept a( 2, 2- adamant ane) group; groups having an

ol |gg/ada tane ucture such _as hexaadamantyl
oct%tyl n yl group,

mant.y)- v-ca group; and

groups havrng a pol yad anantane S ructure havi ng a
greater nmper of adamantyl groups. Wen the group
havi ng ycycllc 20 skeleton structure is a group
other_Qgiig danantyl group, exanples of the group
havr@g Irgd\ tur r-a pofig-stru U@e i ncl ude
groups obt ai ned ‘y r act g th}adanant L_group in
t he groups havi ng oI\l g¢g- ada ane éécture or a
poLxgﬂ?nantane structure when t he# 3group ¥ing a

pol yéydAic skeleton structure 'S adanantyl group as 25
descr|oed aboye with ofher phes -0f such
; groups g 't¥/
ps such as 2> ®) 7 26 group, [16]
nt&ne) group, tetra(dlanantane) group,
ane) group, hexg’dlanan ane) group,
' ramantane) group,

s =n‘.-e —group, decs ant ahe) group and
undeca- (di amantane) group; s having 5 a
plurality of triamantane groyd
bi (tvi amant ane) group, tU{b\'~
tet r Ham ateb group, p
&i ane \ene group, hept

.-el_group,
amaBt ane) group,
ant ane) group,

and
Yy represents at least one group selected from the groups

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

(15) The benzoxazole resin precursor described in (14), which further

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

fourth repeating unit described in (19).
(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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octa(triamant ane) group, nona(triamantane) group,
deca(triamantane) group and undeca(tri anmant ane)
group; and groups having a plurality of 10

t et raamant ane groups such as bi (tetraamant ane) group,
tri(tetraamant ane) group, tetra(tetraamantane) group,
penta(tetra- amantane) group, hexa(tetraamant ane)
group, hepta(tetraamantane) group,

oct a(tetraamant ane) group, nona(tetraanmantane) group,
deca- (tetraamantane) group and undeca(tetraamant ane)
group. Anong these 15 groups, adamantyl group,

di amanty gloupJﬂt@ ananﬂyl group, tetramantyl group

[17]

pent a Ngr o Cherﬁne group, heptamantyl

group, octadﬁﬁfer-group, npnamant yl group, decamantyl
group, u Eeq{armnﬂﬁb group,/ bl adamantyl group, [17]
tri adaman group, tetraadamantyl group, 17

pent aadamant yl group, hexaadamantyl group,
hept aadamantyl group, 20 octaadamantyl group,

wherema®daandt} egchumdegendedidyanipybsgitobpd@p@dn atom or an
undecaadanantyl group are preferable, and adamantyl

Orgagne gpouRk mirepteskntgaouptedericdiatnt ¥000r Kdprepi@ienhdaanladst
- group, pentamantyl group, di (1, 3- adamantane) group,
one rog s8leatadrfinmarthy goapp repddeaddd dyadanRnialel] and the
group, penta(l, g}-gadama tz}_ne) roup, di(2,2-adamant ane)
gro‘@’rso‘f%’,re?erqt(?a,@ Hb‘&éﬁ'&rﬁ anBy Ygr senresents at least one group
tetra(2, 2-adamant ane) group and penta(2,2- adamant ane)
selegfedudratpe ther €rpvies ereryesenteie hyol fpbendaxakt) ethee iroups
27fﬁc;fbai ed i?r@oEbtﬂe binz xazol e resin precursor
CXPIEH ¥ilpgmy sovanddbidicthe srams rewirasaritedthyefonatlae
i esistange, ,,decrease the permttivity and inprove the
[7-1] e el o he (&R, cxBraskied g fmdendSt read the group
- tfgcture descri bed above, al kyl groups
eXp@gg‘%Egé%r:lg?H% fda'r oup, ethyl group, 5 n-propyl group,

(17, SEPER SHDIIE Moy Bty | SO 2R, i
dehydra@iodEH e b RHBrole resin precursor described in any one of (1)
to (16).

(18) A benzoxazole resin precursor composition comprising at least two
benzoxazole resin 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).

(19) . A varnish which comprises the benzoxazole resin precursor
described in any one of (1) to (16), the polybenzoxazole 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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fl uoroethyl group, fluoropropyl group and fl uorobutyl
group may be bonded. In the present invention,
exanpl es of the group in which the 10 dianondoid
structure is bonded to a functional group other than
the dianondoid structure include adamantyl et hynyl
group, diamantyl ethynyl group, triamantyl ethynyl
group, tetramantyl ethynyl group, pentanmantyl- ethynyl
roup, hexamantyl et hynyl group, heptamantyl et hynyl
COIgPBﬁ‘Si,m'octanantylethynyl group, nonamantyl et hynyl
rouyp, .. decapnnt vl.et-hynyl 15 .groyp, .undecamant yl et hynyl .
(2(gr o%,r %lngldg?rrrﬁnt lcé]?h%fpnﬁ?gffﬁfd t“flrh &H%\[%‘F{ZW%%Q%%WSIH
- | et h r , .pent aadamant yl - .
prefQuRy cbELERATANY e VDRI BE RO atole resin
dedi@RiPHABN Lof! e 0 oSS M oseri
aroup. ngﬁgadarmnt § g{:ﬁ%‘l}@/llf@alrnoﬁ%e,%ﬂggd'{ﬁ&ﬂpoa!%n descrlbed
in Gepadamant yl et hynyl group and undecadamantyl et hynyl
group, 20 adamantyl phenyl et hynyl group,
(210 dimentrgkiphéinl dbborilydd §hOED), twhich has fine pores havi g an
amant yl phenyl et hynyl group, tetranantylphedi ethynyp
avgrgepliapmténeof d@mniny bpbanyleet hynyl group,
hexamant yl phenyl et hynyl group, hepta-
(2%arifhe pesnyfilen pagtibed onpnyoctanfi@) i) etwbiay ks a film
group,. nona- mantyl phenyl et hynyl group,
selgefedndrAm| Shegtphpt Iopngistiggowf amgrl&er insulation films for
undecamant yl phenyl et hynyl group,
SeIRICRRAHAINTSI prakstiEe flmA fogr egmpiconductors and protective films
tri.adamant yl phenyl et hynyl group,
forel W8 anant yI phenyl et hynyl group, 28

(232:%%%%@3@%?@%%&2‘3 i !é(i%:]%& cg{ng% :es a resin film described in

an gggg@g@%t(%bﬁhenyl et hynyl group,
oct aadanantyl phenyl - et hynyl group,

nonaadamant yl phenyl et hynyl group, decaadanmantyl -
phenyl et hynyl group and undecaadanant yl phenyl et hynyl
BRUESUDE STRITITON Y PR XYRASINEShY ny!  group,
di amat yl phenoxyphenyTl et hynyl
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 3 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, triamatyl phenoxyphenyl et hynyl group,

t et ramant yl phenoxy- phenyl et hynyl group,

pent amant yl phenoxyphenyl et hynyl group,
hexamant yl phenoxyphenyl et hynyl group,

hept amant yl phenoxyphenyl - et hynyl group,

ocamant yl phenoxyphenyl et hynyl group, nonamantyl 10
phenoxyphenylethynyl group,

g@‘@a@ﬁ#& hen ﬁ%%%ﬂén;f, (ﬁﬁbenzoxazole resin, the
res1P1 gﬁ (%/ Itgg es@%}fo E d%&%ngf 1 g%’% ntt invention will be

eoxyp eny nyl “grou

ale=Nee il %R{%ﬁ henyl et hynyl group,

despent aadamanty gnoxyphenyl et hynyl group,
heméd%ﬁabyaﬂn@m@gmh&r&hﬁgd}yefltw WBserltCRhfertion is a
adamant yl phenoxyphenyl'et hynyl group,

comPoluiaddammptivnzhe Ty Rbpeting iy B¥taidb8URs the reaction of a
nonaadamant yl phenoxyphenyl et hynyl group, deca-
bissatmphicybb bempsyupliemd atdiyanboxglieoupiddsinpound, at least one
undecaadanmant yl phenoxy- phenyl et hynyl group. Exanpl es
of wifich hasgheubamondbhidcétrubiirdi anondoi d structure is
bonded other than the ethynyl group described above
i ndlhedeolgbenzaxazolenedsinobthe ryesdntaiavantiondsichaahcterized
) roups having the acetyl ene bond, bi phenyl ene gro E
in 8‘% 5he Bft Bb%nzwelenira@ng ipWhtamedi bydbherreagtionypi phe
roup.and.cycl open d|e oup to which the
ben ’z‘frﬁ% 5‘?%‘1?{‘? HF es¢rd %%&‘é@ To the di armndoi d

cture to the functi

el s g eBe IS Lfvebion 15 003}&3 heg SiBE %
comt %sﬂ?(}rpy+ ﬁ?l(‘)lg{n%u pthD }i}?ﬂrb&{é?ﬂ@zdg q_r x% ﬁ%dr al the
29

Sopropy group. 20¥sob

Laup and fluoroal kyl groups such as
pd}%ﬁ%?%%e‘%%y? lgroup, fl uoroethyl group, fluoropropyl

or qip 38 idondReRRUEN ice WOUR PRYsRe RRRdeEn AMPHstdShe

above groups, adamantyl phenyl - ethynyl group,
residl filgh dgbadisetbabydqhenyl et hynyl group, trinethyl -
adamant yl phenyl et hynyl group, biadamantyl phenyl et hynyl
gr dile, benzoxazole resin precursor of the present invention will be
described in the following.

The benzoxazole resin precursor of the present invention is a
benzoxazole resin precursor comprising a repeating unit obtained by the
reaction of a bisaminophenol compound and a dicarboxylic acid compound,
wherein the repeating unit is the first repeating unit derived from the
bisaminophenol compound and the dicarboxylic acid compound at least
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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5 tetranet hyl bi adamant yl phenyl et hynyl group,

pent anmet hyl bi adamant yl - phenyl et hynyl group,

adamant yl phenoxyphenyl et hynyl group, dinmethyl -
adamant yl phenyl et'’hynyl group,

tri met hyl adamant yl phenyl et hynyl group,

bi adamant yl phenoxyphenyl et hynyl group,
tetranethylbiadanantyl phenoxyphenyl et hynyl group and

R A
TR M TR
the Bia&ﬁgﬂ§$lﬁn&rg5‘:&%e orcay ? a%lrgg ob'{g r?éd%ny? g%g %%% ion of a

grou tyetope

bisai4Ph L{»gp nc&ﬂa lgmvaaw PtHeS Jlénﬂ{n%?@t o@%&#{@ lddd a

nzoxa resin precursor Into solvents can

dica’i?Box%]iHJ r QN8 dcoMBbRAY S havi Bl tHee HighNaBi P  stki&ure.  The
pol ybenzoxazol e'resin obtained fromthe benzoxazol e

diath66HGIdPEAGIESEA AR RenpITBE %ﬁ@thﬂHP%@ﬁﬁ@ @heYehan the
groups, the functional group having the acetyl ene

diarbondoids stpuefiatabliss fdxx thigp hésamindphenblieeinponad Baewg no
having the 20 acetylene bond include ethynyl group,

diampbedgide shywghireg rand , theaditarhbxdityaeyd @nopgpind having no
ant hryl et hynyl group, quinolylethynyl group,

diamondeidal structarpy nitl igr qupferably| thatyratl lpastipsnendf the
propargyl. ether group. Anong these groups, one or

bisagginephghek |Q9ﬁ%ﬂ’01§1=% Jpaving) aer sdamosdout rirystuge oapd the

d1cagp leth Qy g ougdandvn C]tégyl et hxpgoﬁgro%fﬂtglr_;e}%s o

funqtgq%&éﬁ%'%‘ifﬁe&%er hanbie %&h%@r%@nﬁ%&%&ém s the ehgve
comBﬁF ‘r%c?né "TRE A, ‘& tﬁgeb&fz?o&aggﬁ' PeARG e%ﬁré(}l} (éompnsmg the

enzoxazo e resi I mprove ce

B SRR TSt A L O, BRSO i
obtdiHBg tfromathdbeHBotd¥old) @ HANERAEM € 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
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resin precursor. Wien an interlayer insulation filmis
obtai ned by 5 form ng a nano-foam using the
pol ybenzoxazol e resin, it is nade possible that the
shape of the nano-foamis maintained wthout
aggregation due to the inprovenent in the
crosslinking density of the pol ybenzoxazol e resin.
The permttivity of the interlayer insulation filmcan
d due to the abgve effect. 10 1.
gr(ﬁ%n z gg{aa?%%g%’rlegll" Ay SORPERY g U nfetaraantlsgroup and
' | 1- ' ' l .c und havi t he
un BB e Lt s PP R b Bvin
13YitP Dbt fife GARNAQth St id hayin
P a dh?t stru%fure of t % d?gﬁgggg%gk?ﬁmﬁﬁgRﬁ%ﬁgﬁ%ﬁ%$cgbed
abdvel- EBUBANENSPHRNGloGPHRS WkAigkst Bepid ﬂ&lﬂ%o i
structure915 Exanp?egﬁgf tﬁgpgggve bﬁianyg%g eno hgvu%ga

polgoyglauisleletoh UdeucttReitsbeibedabd@ IMGudsBbapt MVihg an
of the diamondoid structure such as

oligo-s(rSctumenor 4 hylgrcixyttpireny Windanhatgoap having a polycyclic
bi s( 3- hydr oxy-4-am no- phenyl)adamant ane,

skelpenrg stmichoredishgdiamenpylegomap), atanmpicané thodroup having an
. bi s(4-am no- 3- hydr oxyphenoxyphenyl ) adamant ane;

oliggsppaghare wava plustzocpurymednde kdawnonyk wrogpusachf as

d.(%fﬁg (g;am)ndoi d structure such as _

i(hidspdamantang.- Ry :aph dild 3 alamantane) group; triadamantyl
bi s(3-hydr oxy-4-am nophenyl ) - di aqant ane,

iR (SR B AP APER ABRY B RN 2 bdamantane) group

am _nophenyl

et égs(%%égﬁgﬂgi%@%@(ﬁr oXyghedyi )t%tté"H @ agﬁ!%t’ltane) group and

1(5(3; - A amnj hen tramant ane,  bi s(3-am,no
tﬁ%@h%g ?%g{/aq%n@% en éept élrgr%%ateag fanantyl”“groups -~ such ~ as

pelﬁﬂaﬁ(@%ﬁyﬁﬁgﬁt’aﬁb‘) ap‘g}g@%ﬂ e nX{’l% E e ggﬂfﬁﬁtfﬁﬁamantane) group;

i s('3-am no- 4- hyd enyl) hexanmant ane,

heptias d3nbtdy DX ¥rdgam figh 3ds pH@ﬁBﬁ(i,@eﬁeﬁﬁﬁh@éﬁeg 5.group  and

bi s(3-am no- 4- hydr oxyphenoxy) di amant ane, bi's
hegtyé2, radamanianephenony) dgas®@ ahving an  oligo-adamantane

bi s(3- am no- 4- hydr oxyphenoxy) -
structure such as hexaadamantyl group, octaadamantyl group,
nonaadamantyl group, decaadamantyl group and undecaadamantyl
group; and groups having a polyadamantane structure having a greater
number of adamantyl groups. When the group having a polyeyclic
skeleton structure is a group other than adamantyl group, examples of the
group having an oligo-structure or a poly-structure include groups
obtained by replacing the adamantyl group in the groups having an
oligo-adamantane structure or a polyadamantane structure when the
group having a polycyclic skeleton structure is adamantyl group as

described above with other groups. Examples of such groups include

groups having a plurality of diamantane groups such as bi(diamantane)
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tri mant ane, bi s(3-hydroxy-4-am nophenoxy)tri mant ane,

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

bi s(3- hydr oxy- 4-am nophenoxy) 5 tetranmant ane,

bi s(3- am no- 4- hydr oxyphenoxy) hept amant ane, 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-
di apant ane,

_hydr oxyih | .

ey 3 Ry SRR RE e ) P pneriyiitimenians)  erouw,
ot B AN 10 - | )t i mant ane,. 10

pefteSBn O "G PEXRIRESSARERSY) BT Rt Ef aieiantano)

irs(3- agp ; h hen : e,
grdg%pgg 3- ﬁd)?dtfﬂggginf%rgnhﬁ%%ﬁe%gxy ’pphe%{)/%@%%@gﬁg&n@ne, group,

deddi(8{a3n aRi N0 4rougr Sy RRGREXY (RS RNk FoulP .
) bi s( 3- hydr oxf/g- 4- grri nophenoxygﬁenyl ) ﬁgg% glr"r% t %I‘g?.ﬁs having

a Ipluefadityaninoridniyshamey prenpxy PRaDY hs NBXBABAARENEN dzroup,
bi s(3- hydroxy-4 15 am nophenoxyphenyl ) hexamant ane;

triGormpoamcsch agiap, ateokitymmademnt gpeus,t el atteiaaiehtane)
conpounds havi ng a pol yadamantane structure having a

groym, | | hgrelmrsmmantee ofgrohe, adbepintiti- gr ampsitaneh agroup,
bi, s( 3- am no-4- hydr oxyphenyl ) bi adanant ane,

octp{ataanaytang)y S1oupy ﬁ@nag‘ﬁmaymmammneleca(triamantane)
bi s(3-anm no- 4- hydr oxyphenyl ) tri adamant ane, 20

grojips pRdp U RANHRMHBRAUP: Ansk gRetsahaying a plurality of

tethERZRRA 0 SN nOBHERY ) 81 aRUARRRE B anD  grou,
T —
am%?lﬁ%%e)ﬁ;%t’r&g%s Qgg%nﬁé%%ﬁg{%ﬂ%ﬂgz ggﬂg@mha %gih(tetraamantane)
groRip$ ( SctalichrLn AMERDY gfoup hm%gh?gﬁtﬁgﬁg@ €eroup, deca-

bi' s ( 3- hydr oxy- 4- am nophenox (
(tetraa fdraainB grdud RAHONY AR YA 4 b ALABNLRNS.  Among these

bi s( 3- hydr oxy- 4-am no- 32 phenoxy)tri adamant ane,
grobips( 3d amianoy Usroygt digrphenderhup! HraaamBil ddeyp, tetramantyl
group, pentamantyl group, hexamantyl group, heptamantyl group,
octamantyl group, nonamantyl group, decamantyl group, undecamantyl
group, biadamantyl group, triadamantyl group, tetraadamantyl group,
pentaadamantyl group, hexaadamantyl group, heptaadamantyl group,
octaadamantyl group, nonaadamantyl group, decaadamantyl group and
undecaadamantyl group are preferable, and adamantyl group, diamantyl
group, triamantyl group, tetramantyl 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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bi s(3- hydr oxy-4-am nophenoxy) t et raadamant ane,

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

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

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

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

bi s(3- hydr oxy- 4- am nophenoxyphenyl ) bi - adanmant ane,

i - am -4-h h h |)triad t )
o B R R4 SRR Gie ahove
' - am NO= 4- - [.).t et d o) )
Stlgif:gl%% Eﬁiﬁj r'?lgfﬁl(lél_taﬁg {r:'r}l%(n %ﬁgﬁfé E%ég%%%@% 36/ ﬁ%( cx% 6see tR& p%lr"rnaﬂtt?xplgy and
lmg?g‘?%@a?nqﬁgfsgﬁ% y 5?%%%1 Keno %9 ptij%rlé3 n§19 Be lﬁta ging, the adpmpntane

tiicel % Ry beyt bR B @ﬁgzg%ﬁﬁé't
° biCs( 3- ami no- 4- hydr 6x%ﬂ?§g§§gﬁg%%ﬁgxa na ’aeﬁ@?%ﬁ‘a‘m“

n-ioplB- gtudls, Oxsopdopsil NABALNOXLRIBENYErb OB X SRHBIBAL 0&up  and
conmpounds having the dianondoid structure in the H%ln
texttaityl wricoip ryl Hhweot eyl dgeouprdeiugh 16s sflivedmiEihyil N roup,
side chains such as 3,3 -bis[4-(4-am no -3-hydr o‘xy-%-
flugneathil ygonoflyppenpy] -grinp 1anii ddeselnigbegradp may be
3' - bi s[4-(4-am no- 3-
bo’ﬁ@%ﬁ-oxy- 6- ( 3- adamant yl adamant yl ) phenoxy) phenyl]-1,1'-b
i ad?ma tane and. _ .
3, 310 py Preseninineeaion:d esrywdes ofr theargrgiphsnoxidephshe
-.nyl]51,1' biadamant ane., However, .the above
dladﬁ%%‘i’ﬁlﬂoﬁ%% e dj fo r?otfuwl?lil%eﬂi gEMr ethpe than the
- I aboye as_the ex | es. Further
i S L i BE B Bt SR np ST ehBotem Aol cideroy?
' ' i rqu hexamant yl
R Rt R L T g A LS
tHYQRRANBRS N, B | u |
e B R ALY R0, D BERSRTEM b erour,
octhapiragitabgnty lerd®p 9HOHRAM a@&?ﬁ@ﬂﬁi{'ﬂn Ey¥dugr @%b%mantylethynyl

nonaadamantyl group, decaadaman gr oup
groupd e aanieot yargymuhyngB group, biadamantylethynyl group, tri-
adamantylethynyl group, tetraadamantylethynyl group, pentaadamantyl-
ethynyl group, hexaadamantylethynyl group, heptaadamantylethynyl
group, octaadamantylethynyl group, nonaadamantylethynyl group,
decadamantylethynyl group and undecadamantylethynyl  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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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 no-

4- hydr oxyphenoxy) -1, 1' - bi (di anant ane) and 6,

6' - bi s[4-(3-hydroxy-4 5

] 5&9@34 -3, 1" - hi.(di a . ver . the

pe%%%@% conﬁ%%%%ﬁﬁghhga Ii%ﬁ%&ﬁ to é?ﬁ%%&ﬁﬁﬁﬁh@nYkﬂhynyl
rdlgsCr hbgehahay le o :
o e A e i T fpy phenyl
eti@iyl nigrbap, ohohhed sthafeylgheAyRRYEFIU! Sroull1® dRESAdA R Antyl-

of bonding of the group having the polycyclic
phekgethymylst rgrotipr e aingd nQIndchhﬁ@ﬂah@yl%ﬂh@%?letﬂ@nyl group,

descri bed above as the exanples. To the group having
adamentdahenvanehstylettumg groume didmaplpheohoegimeyiéthynyl

al kyl groups. such as nethyl group, ethyl group,
grawpr opyamgtpipdenospphomyletiymlp, grouyt ytetgrasmtylphenoxy-

o o e o e il
R bR BT Rt Ao
ethy] o Sk A atEy ohenoxyrhenylethiyl- grewnpinenaanedl
phdffreibing BB Gl fevoup. | decamantylghgnoxphenylothynyl group

an%: é}hﬁiﬁrcgi[}%‘%@aﬁ,ﬁhﬁ%Yﬁﬁéﬁﬂ%%ylt AP fup, biadamatylphenoxy-

herd/ bR Y o3, Stidh Ry %@Hﬁﬁ% @ﬂﬂgx) :
P prﬁrenyl ]r@?S% é” 7' -tetrarriél?)hyl ) - Héal’qg I'a ag‘mﬁ%?gﬁ’e geﬁc a
adsin8htphé sy Himyldchynyl rgmph%ﬁk&adaﬁnéhﬁﬁgg%é&%gﬂenyl-
1' - bi adamant ane. However, the above conpou I S ‘not
ethiyipl t giotp, t hexaadpaandglptenckiplachyabimayds dhep,
exanpl es. The bi sam nophenol conpound nay be used
adagnagtyipbenoxyplesytebyinght goupf dovmademantdphéGotiithenyl-
process for introducing the dianpondoid structure into
ethynyl group, nonaadamantylphenoxyphenylethynyl group, deca-

hepta-

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 eyclopentadienyl group to which the dianiondoid structure
15 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,

isobutyl group and tert-butyl group and fluoroalkyl groups such as
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34 bi sam nophenol conmpound, for exanple,

bi s( 3- am no- 4- hydr oxyphenyl ) - 1, 3-adamant ane can be
synt hesi zed by synthesi zi ng bi s(4-hydroxyphenyl) -

1, 3- adamant ane from di br onnadamant ane and phenol in
accordance with the Friedel-Crafts reaction, followed
by nitration at the ortho-position of 5 hydroxyl group
and then reduction of the fornmed nitro group into

fBRRG ' Gl Milbrocths] croun Ausrapzonyl expup and fnorabuty!
i d Af

g Gy (rg?ﬁy%?,‘;@%ﬁ%%i | {4088 the above ioups, adamantylphenyl-

ctHAilt r%ro%mben@mﬁ&médémaﬁfﬁsﬁgﬁﬂ@ghm%%ﬂgs B ggﬁifggekﬁy1-

the etherification reaction, fo

adpmenesiphehyldthimpenZ ¥t@igy, 9HaRaaRdtyIbRehGRHALHED O%roup ,
nitro group. 1-1-2 Bisam nophenol conpound having the

tetdamebhylbiat ahanttiphenyleohgiedl t@oapf unsithatdhy ifdPmantyl-
ot her than the dianondoid structure Exanples of the
rhepylathyopheroip, codroantylphenogy e ydé thyeyt girdup, dimethyl-
structure via ethynyl group anong the above
adpmeatyipbsnstdhyos §r1n1@:hyﬂm§am@nmlphﬁhmphﬂmﬂl group,
. conpoun havi ng et hynyl (phenyl et hynyl ) - bi napht hal ene
blaé@é?ﬁ‘&é’?éf‘ezl@“éfp gykjayBxY - 4 g8eRmophtetsryetbyBiadamantyl-
hbi sadaman ethynyl-1, 1'- k()i napht hal eﬂe and
PhenoxEynRey SRy EY xySHPURn fgd  pentamethylbiadamanylphenoxy-

6, 6' -hi sdi | eth -1, 1'-bi ht hal ;

ph @gﬂﬁ%&%ﬂw éréé’lﬁgﬁ%g& ﬁfaviy% et hynyl niagﬁltohfal Zn:ne
S e e AL Yafefer e thgm ehe
By 2 B8 SVasHion s Ry S earesfylong bond

bipheliTnd- BY6H®X¥yanato group, maleimid imji
4-aninophenggy)yz-adaﬁﬁntgleth?ﬁ?fﬁ%éﬁ?ﬁ%1éﬁgng%g)gﬂoup’

vin] Sgiorup( 3midy @elpentadienyl group. When the above group is
4- am nophenoxy) - 3- adamant yl et hynyl napht hal ene;

preisesireohopigp af the drgmaurazle avsingpeichy sy fott GoBRaItS YER be
. as 9,9-bis-4-(3-hydroxy-4 25 am nophenoxy) phenyl - 2,
improypd adabereyvet hhegt f rerostamee 8f OtHs spalyb@azoxazole resin

obtained from the benzoxazole resin precursor can be improved.

Among the above groups, the functional group having the acetylene
bond is preferable. Examples of the functional group having the
acetylene bond include ethynyl group, phenylethynyl group, naphthyl-
ethynyl group, anthrylethynyl group, quinolylethynyl group, quinoxalyl-
ethynyl group, alkylethynyl groups and propargyl ether group. Among
these groups, one or more functional groups selected from ethynyl group,
phenylethynyl group and naphthylethynyl 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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hydr oxy- 4- am nophenoxy) phenyl - 2,

7-bi sdi amant yl et hynyl fl uorene, 9,9- 35 bis-4-(3-am no
- 4- hydroxyphenyl)-2,7 -bi sadamantyl et hynyl f| uor ene
and 9,9-bis-4-(3-amno -4-hydroxyphenyl)-2,7

- bi sdi amant yl et hynyl f| uorene; bis- am nopheno
conpounds havi ng et hynyl benzene such as 1, 3-bi s(3-
hydr oxy- 4- aninophenoxy)-4-adananty|ethynylbenzene

imi)rg’véﬁ S(’ﬁhg%% 9)% sL tance %H%’bleﬁ%% ae@ée resin is improved

am nop enox | aman

sni'ee“t'hl%' &6&1&1&4&5@%% ﬁgﬂ]ynyl btained epOIXlglel.)LzovaOIe resin can be

phenoxy) - 3- adananty Penzen

1m%r@dr&1 duBWer they pfeRibA Qf thR NBmeX¥hal grou in the benzoxazole
di amant yl et hynyl benzene; bi sam nop enal conpoun nds

rediav ppgeurebily nWHeRhenYInteilager SWeli@Son film is obtained by
3, 3" -di am no- 4, 4' - di hydr oxy- 2- adamant y| -

fomnllm)gngllrﬁmml‘t&ayﬂ uetdethe polybenzoxazole resin, it is made possible
3, 3" -di am no- 4, 4' - di hydr oxy- 5- dlanantylethynyl 10

tha ﬁtﬂeﬂb&p@bﬁ’dle nado-foam is maintained without aggregation due to
3, 3" -di am no-4, 4' -di hydroxy-6-triamantyl et hynyl -

they ilﬁiﬂ?éﬁ‘jﬂm@ﬂh gt th‘b ic ingpiee dehsisp mf sba gelylsasizogazole resin.
ethynylblphefy such as
Thg, BETIH tamtyi4he ndeHereninadation flm e tieydadreagsidedye to

ﬁ & m no-
th‘ﬁa d“"?j? Oxy- 5- di amantyl et hynyl bi phenyl and

1- 1C o Ef %ﬁﬁe@?é&ﬂgpﬁhﬁmﬂg Eﬂ;@_ la¥am31l{(|i(f)1 nsecruc %rlle as

b' S@ﬁ@%%ﬁfﬁﬁé{hﬁﬂd&%ﬁmg @%ﬂrlfn%n&e diamondoid structure is

- di hydr oxy i am no-

a cb &ﬂalmé%h@tahl\(ﬁw éﬂhﬁ’&ﬁ?é’ bf 84 82RRRAG in the molecule.
-di am no-4, 4' - di hydr oxy-

1- ]21 2' Bﬂsaﬂhhbﬁh@mtthdoﬁiﬂmﬁid Havihen¥le EHMid structure
bi sam nophenol conpounds havi ng et hynyl phenyl propane
SUCEX&lm}ﬂeS 2-dfi sthe- aabonvee 4 biyadi vophenaD compound include
adamant yl et hynyl phenyl ) propane, 2, 2-bi s(3-am no
compowndis dryirg; @]?1/ i;tsyltmlhpflyh(p kiemylohgdompanecture such as

.2, 2- bIS(3 h droxy 4- agn no-6-tri amantyl -
bisgs myHpehBRGToRL afpmantans, s( 3 - disffohydeoxy-4-amino-

-t et tyl t hynyl phenyl d
ohep i tohue. co 2%3 RGO PhenoRadamantane.  and
blsg‘i @%g%ﬁ?ﬁl{)&g’)ﬁ g{q@g ﬁjaarh%nggx?tgnae? (:Zompounds havmg a

polycyclic skeleton structure of the diamondoid structure such as

bis(3-amino-4-hydroxyphenyl)diamantane, bis(3-hydroxy-4-aminophenyl)-
diamantane, bis(3-amino-4-hydroxyphenyltrimantane, bis(3-hydroxy-4-
aminophenyltrimantane,  bis(3-amino-4-hydroxyphenyl)tetramantane,
bis(3-hydroxy-4-aminophenyl)tetramantane, bis(3-amino-4-hydroxy-
phenyDheptamantane, bis(3-hydroxy-4-aminophenyl)heptamantane,

bis(3-amino-4-hydroxyphenylhexamantane, bis(8-hydroxy-4-amino-
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25 adamant yl et hynyl phenyl ) hexaf | uor opr opane,

2, 2- bi s(3-am no- 4- hydr oxy-

6- di amant yl et hynyl phenyl ) hexaf | uor opr opane, 2,

2- bi s(3- hydroxy-4-am no- 36

6-triamantyl et hynyl phenyl ) hexaf | uor opr opane and

2, 2- bi s(3-am no- 4-

hydr oxy- 2-t et ramant yl et hynyl phenyl ) hexaf | uor opr opane-
lted to the

hERYDYEEamhieanb Y SARRY ' | i<(3-
P co%%ouﬁgg de%%ﬁibégsa ove 22“@%8£ﬁ§%%ﬁ%? Jamaptapg, bis(
hy@¥@iypl esnindphedexPidsamanepienol S1-| heh ay.
group sucﬁﬂ?s th}c{)ge shgvm In th}é&?%rla%g%gn%h?g?%%@gaoxy)
tritmmrehhyny bis(@tdrox el MRGY Bdn ot B a AEXATR M3 2 mino-4-
group, hept amantyl group, octamantyl group,
hydorgphenykydebamanteaamant yl g rGid(B-hyAERGAIRM ophenoxy)-
group, pentaadamantyl group, hexaadamantyl group,
teth@f@ﬁ’ﬂi@lﬁmm lWS(C“"grmumfdwtdgeﬂnﬁmﬁlwy)lmpwmla&tane, bis(3-
nonaadamanty| group, decaadanmantyl group
hydzpoxaed REHDPP h@ﬁmﬁieﬁmmfmm Hein(A-agrinum; hydroxyphenoxy)-
di amant yl phe roup, triamantyl phenyl group,
he)ffgp?.g%, %Iﬁ%kygrﬁyoﬁ"@,m@@ﬁham pheayitangr bigh3-amino-

RN N LR T L R —
o RGBTl Binin B B PGSR e rungne.
bR Pk P g RS A Rt | piy amiro- -
B B AR Ry ™ B BEARE) o S e STk gmipBhiRoxy

pheigdratammattddeneny| g | _
group, adamantyl - pheno%%ﬁ%ﬁgﬁfgwhghgmenﬂ)hepta

madtamgnt WigBanakyrierymigsPhdhoxdyphafBDh¥btaRantane,  bis(3-
phenoxyl phenyl group, tetramantyl phenoxyphenyl gf oup,

ampen dysiroyyp heesyphy phibhyka gaavpne and bis(3-hydroxy-4-
hexamant yl phenoxyphenyl group, heptamantyl -

AmpHEReRgBHEhgy b cupnahtpteananeybphadsxy hhemd  giwUPoligo-
oct amant yl - phenoxyphenyl group, _

adaraaniae yEHEHERY phidthy ICommeumdsd cleawingt y4 - polyadamantane

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

bis(3-amino-4-hydroxyphenyDbiadamantane, bis(3-hydroxy-4-amino-
phenyDbiadamantane, bis(3 -amino-4-hydroxyphenyl)triadamantane,
bis(3-hydroxy-4-aminop henyDtriadamantane, bis(3-amino-4-hydroxy-

phenyDtetraadamantane, bis(3-hydroxy*4-aminophenyl)tetraadamantane,
bis(3-amino-4-hydroxyphenylheptaadamantane, bis{3-hydroxy-4-amino-
phenyDheptaadamantane, bis(3'amino-4'hydroxyphenyl)hexaadamantane,
bis(3-hydroxy-4-aminophenylhexaadamantane, 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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phenoxyphenyl group, undecamantyl phenoxyphenyl group,
bi adamantyl 25 phenoxyphenyl group,

tri adamant yl phenoxyphenyl group, tetra-
adamant yl phenoxyphenyl group,

pent aadamant yl phenoxyphenyl group, 37
hexaadamant yl phenoxyphenyl group,

hept aadamant yl phenoxyphenyl group,

phgﬁggggﬁgagir}/ya{rgh gggé%&g -%E%ilrwgzig&gﬁ(&yphenoxy)tetraadamantane,

non alman

: d -,
M T S,
ph?ﬁ%%@ﬂtdﬁarﬁ&ntﬁe‘;’sed Sl ntﬂé@é'W%#?chﬁmiﬂ?éfﬁ(gﬂoxo}j)hepta-

wo or nore. To the group having e” adanan

adshfadGhHee | Pis(HanlhsPEBRYoxypARRBIexh #HYin BEQHPS  his(s-
such as nethyl group, ethyl "group,” n-propyl group,

hy tlsmgyr dfyhirgphe poxyrhesh i fla Gia@yine | SObut Ms(BaaURo 34"Hydroxy-
tert-butyl group and fluoroal kyl groups such as

phéhorydreatyiiadamaptaiid, uo boks yldrgxydpamiddphenoxyphenylbi-
f 1 uor opr ggyl group and fluorobutyl group may be
ad povaadane Ekistpiassinof 4-birdrpryphessxiohenyliridlarh agtdree bis(3-
functional group having the di anondoid structure
hydypyidrammerksnprynke mdieridemantaneen bis(3-amino-4-hydroxy-
1-Wyl @damant ane and a haJ ogenated conmpound in the
phen nyftetrapgamantgpey his@viydrorkied armanepbioiekyphenyl)-
structure. Specifically,.,the 15 coupling reactjon
tetﬁ%ﬁ“y%ﬁnga%eal ogenat ed%%?rﬁé‘&ﬂﬁ@%gyaﬁ‘&‘ ngxyphenyDhepta-
itr y2 structure and et hyn dajant ane is
TEL s SO Lt o s L S R AR
O - ' ' | .sam _nopheno ol
R A e R T L e e R RE
hy@®foxythandesphbe ' h whahle
T R A S s B S bRl the
diaGheirid Gt euGubsl 6h Whe rhadr &hBirS 30 RSN fhve AER QHgHIOéldOid
[

havi ng a functional group other than "the di anondo

strattwret ure side chains such as 3,3bis[4-(4-amino-3-hydroxy-6-
adamantylphenoxy)phenyll-1,1-biadamantane, 3,3 -bis[4-(4-amino-3-
hydroxy-6-(3-adamantyladamantyl)phenoxy)phenyll-1,1-biadamantane

and 3,3"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 undecamantyl group.
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Exanpl es of the bisam nophenol conpound having a
functional group other than the dianondoid structure
i ncl ude bi sam nophenol 25 conpounds havi ng

et hynyl (phenyl et hynyl ) bi napht hal ene such as 2,

2' - bi s(3- hydr oxy- 4- am nophenoxy) - 6,

6' - bi sethynyl -1, 1' - bi napht hal ene 38 and

2, 2" - bi s(3-hydroxy-4-am nophenoxy) - 6, 6' - bi sphenyl et hyn

1L BaynBL-ompROLBL SRR AL DRRNNR SOIRRN Fouving «

plr LB Sl((?f’ hyHE OXYh v M NAPRRINRXY bk eboll SELAYNL" include

napht’hal ene,

6,g’,-ﬁ?ﬁ-ﬁgﬁgﬁng}m}ﬁdﬁﬁéﬁﬂph?ﬂ%Y&iaﬁaaﬁftghél? he YL I BN ino-

4-hylirabPHendrek Y ; Uvildiaephesssy) - dnAhengleebiy8Xb-hydroxy-4-
napht hal ene and _

arhjrfortiiesioRyIpttmytly 142 -bifdiophetaxe) - 3- pHemdverhy k- above
napht hal ene; bi sam nophenol conpounds havi ng

companyd (ighaay| lematedy 1t - thd wongneuslsclleasribed above as the
9, 9- bi s-4-(3- hydr oxy- 4- am nophenoxy) phenyl -2, 7-

eXE; Ryaylomiguat dhe compound has the structure in agreement with

Hgiapie

9, 9- bi s-4-(3- hydr.oxy-4-am nophenoxy) phenyl -2, 7-bis 10
thﬁhﬁz‘ﬁ(g’i”é’c% ﬁ€ |t£? lfisam@,dogi stpiciure. ( é%}afhﬂ?ﬁéltlon of bonding of

4- hyd h |)-2,7-his .- _eth | £ 1 , d
thg ¥pp RURRE s 0ol SKpL e At ueturd i g oWpited to those

nyl £l uorene: bi sani nophenol conpounds havi ng

deg’%ﬂéﬁéI%ﬁﬁgﬁﬁﬁﬁbé‘?‘ﬁﬁ@lﬁ?benzene such as

1, [ - 0%V~ 4= annoph -4-eth | - benzene,

T 3T B Ao e R g Xy oy the
bi&Fherlo? d, alkyl

1%?&29_ bi 3%031’%1 %(3)/%13 oxfll - ZF a%l]:o# g S hsé%cglxﬁf -%—e 1éltuﬁly ﬁw%]é n"ztél R é &Rgr:
nﬁ;‘;ﬁrpﬂl gtdup, isopropyl group, n-but¥let roup, isobutyl group and

oxy- 4- am nophenoxy) - 3- pheny ynyi blenze e;

tebi-satylngphancind dwqodildd Bevtiptdsuch as fluoromethyl group,
et hynyl ( phenyl et hynyl ) di phenyl ether such as

fharaethiilagioup, 4flaoraitopst axypud- phdnfieidiyityl diphenyhay be
et her, 3,3'-diam no-

bomsi@'l- di ﬁ‘y_@m&kpssf)ﬁhenw etdmpyiniphampidet B -bas(8-amino-4-
hsdraare R as Ao bR bindomrian ™! SN
ar%flﬂ))é$£¥%§8§; ) | ellfoggryglllgngfil]q%e,g’}hl,7§€e%pa§?et§3}l)'1,1"biadaman-
tane, 8,3-bisl4-(4-amino-3-hydroxy-6-(3,5-dimethyladamantyl)phenoxy)-
phenyll-(5,5,7,7-tetramethyl)- 1,1-biadamantane and 3,3-bis(3-amino-4-
hydroxyphenyl)-(5,5"-dibutyD-1,1-biadamantane. However, the above
compound 1s not limited to the compounds described above asg 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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di hydr oxy- 2- phenyl et hynyl bi phenyl ,

3, 3" -di am no- 4, 4' - di hydr oxy-5- phenyl - et hynyl bi phenyl

and 3, 3' -di am no-4, 4' -di hydr oxy- 6- phenyl et hynyl -

bi phenyl ; bi sam nophenol conpounds havi ng

et hynyl (phenyl et hynyl ) 25 di phenyl sul fone such as

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

et hynyl di phenyl sul fone, 3, 3'-dihydroxy-4,

4 - di anl] 6 ‘- di ph | eth [ 5. di phenyl sul f one
it ARG Jonbpo i 0 ST i BRER b wocny)

. I S , 0

LT e P ey o b aEg hig4 By phenyD
1,Zadalis{tdnafi6d dibréMehXMaBitakd Qﬁﬂy%mﬂXh) RcORBre with

2, 2-bi s(3-am no- 4- hydr oxy- 6- phenyl et'hynyl 5
the fenydglpCrfeneeaction, followed by nitration at the ortho-position of

2, 2- bi s( 3- hydr oxy- 4- am no- 6- phenyl et hynyl phenyl ) -
hydropdngroapdand then reduction of the formed nitro group into amino

2,2-bis%3-an1no-4-hydroxy-2-pheny|ethyn IphenyF)propan
greup; zmdl bis[4dd avophe Bdly drorpohmscyhalvé iy ]- 1,3-adamantane can

et hynyl (phenyl et hynyl ) phenyl - hexaf | uor opr opane such
beas gymthpsiged- arfromm - 4bis(4rhydyeompdiemyby] Shedahiintane  and

hexaf | uor opr opane, . .
4’@?]21'Eibﬁe@ygﬁ%‘ﬂ&%%ﬁwmhwd@nw witlbaydthetification

hexaf | , .
reggtion,, E@@%&%ﬂ;ﬁlﬁl%ﬂl 96 - Brobertinn evHhnherndayy )group and

exaf | upr opr opane and
re(gf 15t gf{)%ﬁg%ﬁ%!&- hydr oxy- 2- phenyl et hyny! -
o Y. ‘ bov%
g th

a
avi]

gSed of v U i O YOHE UG
bohfi€d E@QﬁnEﬁHHQP% @ht;ek 2Ah A0 %ligfn%lﬁﬁjo{ﬂégﬂagﬂlre 15
conpoun avi ng nct | fctie
bi s @EaAOHBE BPlthe ARIRAUMIHRRY B i i i
ethyny?%gheny!e?hynyl)naphthafengogﬁg'%?ggl'%%id%%%%%(nd
struetpeundse thgyviyd greup b P bea ¥ube v & Wiyd vh{d dpdicee ﬁ@lrn%ounds
e

preferable. Wen the above conpound is used, t

inciudel| lesahindehaqol y henrmuants ehaviagd netliydyilihenylethynyl)-
_tenperatures can be increased. 20 As the process for
binaphtbdlasieng tévehf unatsi on é&l,2’@119(,‘ﬁah}atﬂll'm-4'hml’nbphenoxy) -6,6'

bisadamantylethynyl-1,1I-binaphthalene and 2,2-bis(3-hydroxy-4-amino-

phenoxy)-6,6 -bisdiamantylethynyl-1, 1'-binaphthalene; bisaminophenol
compounds having ethynylnaphthalene such as 1,5-bis(3-hydroxy-4-
aminophenoxy)-2,6-bisadamantylethynylnaphthalene, 1,5-bis(3-hydroxy-
4-aminophenoxy)'2,6-bisdiamantylethynylnaphthalene, 1,5-bis(3-hydroxy-
4-aminophenoxy)-2-adamantylethynylnaphthalene and 1,5-bis(3-hydroxy-
4-aminophen0xy)'3-adamantylethynylnaphthalene; bisaminophenol
compounds having ethynylfluorene such as 9,9-bis-4-(3-hydroxy-4-
aminophenoxy)phenyl-.‘Z,7-bisadamantylethynylﬂuorene, 9,9-bis-4-(3-

hydroxy-4-amin0phenoxy)phenyl'2,7-bisdiamantylethynylﬂuorene, 9,9-
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di anondoi d structure into the bi sam nophenol conpound,
for exanple, the coupling reaction can be applied to
a hal ogenat ed conpound. Specifically, the coupling
reacti on of a hal ogenat ed conpound havi ng the
structure of ortho-hydroxynitrobenzene and

et hynyl benzene is used as the basic 25 reaction, and
the functional group can be introduced into the

Rl TR AR ARAELIR, o
| y . i i . 2 Ly -
T I A
amBAsp ol f URetp ANRRls %Qﬁﬁigm&ﬁgﬁ‘iﬁrﬁ%ﬁgﬁg di,gongdoi ,3-bis(3-

structure Exanples of the bis nophenol "conpoun

hy ey amndbaaﬁaﬂﬁi@Ladamﬁdﬂtyrétﬂsrﬁ%r%%z@ﬂe f P,_%%i};%g&dmxy-

group other than the dianmondoid structure finc
4-acompphedexlatidigmandyleybyeypbasass) el SeiR(R Ry droxy-4-amino-
3, 4-di am no- resorcinol and
phen@edidaai amabtsledhiyylbonydenz ened  cdAPOYEIBYARMYAS amino-
di hydr oxybi phenyl such as
phanay) di-didiman wlathyaiyihenzsoeh bpgrenidophedol compounds having
3,3 -di hydrox%-4, 4' - di am nobi phenyl ; bi sani nophenol
ethygrmidinhaayh&Fhey stohdpaydBosipanipiehi-dduitepxpdcid amantyl-
3, 3! -.di am po-4, 4' - di hydr oxydi phenyl —ether; conpounds
et}w&vﬂ%hﬁﬁﬁpsﬁé}e@t ogaQﬂlﬁ@ﬂﬂ?'&%TdI¥Y@m3@ﬁ@'%%mﬁnéﬂethynyl‘
- 9, 9-bi s(3- am nos 4- hydroxyphenyl| ) f.| uor ene and
dlpg‘,e&yBi se((tgl?](" 4-404 nog’é- d%ﬁ'&%)‘lp ﬂWd&?ﬁlﬁ'@ﬁW%mﬁG&%H@fnﬂ'
- . ' e skel eton structure.of .
ipfRARPHMS; IR et S Rilndd b e GSayibiphony] such
: n "0l 8:1C0 d :
0 B AR 2R byt b U AR AT ISR ¥ B amino-

4,4gdi4h' ﬂb@@%ﬂﬂ?ﬁ%&n?%i&ﬁ@ﬁyi he r%I/]Id) s a}rSf’-diamino-él,&l"

i s(4- (4-am no- 3- hydr 0xy) phenoxyp one and

dih@dﬁtﬁ!ﬁf'G‘%rfwﬂaﬁMeﬁrﬁmﬂﬁﬁ‘pHéh?DOxmﬁﬁﬁﬁhbﬁﬁdlyﬂcﬁo”eéo A ((S:jllg]nds

conpounds having fluorine or a fluoroalkyl group
hadsg2ethymyddipheayi nolfnbysichx yup e By Hiexat 4, U0AYIRE6,6 -

The above bi sam nopheno
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'bis(3-amino-4-hydroxy-6-di-
amantylethynylphenylpropane, 2,2-biS(S-hydroxy-4-amin0-6-triamantyl-
ethynylphenylpropane and  2,2-bis(3-amino-4-hydroxy-2-tetramantyl-
ethynylphenylpropane; and bisaminophenol compounds  having
ethynylphenylhexafluoropropane such as 2,2-bis(3-amino-4-hydroxy-6-
adamantylethynylphenyDhexafluoropropane, 2,2-bis(3-amino-4-hydroxy-

6-diamantylethynylphenyDhexafluoropropane, 2,2-bis(3-hydroxy-4-amino-
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20 conpound may be used singly or in conbination of
two or nore. Anong the above conpounds, at |east one
bi sam nophenol conpound sel ected fromthe conpounds
havi ng di hydr oxybenzene, the conpounds havi ng
di hydr oxydi phenyl ether, the conpounds having the
skel eton structure of fluorene and the conpounds
havi ng the skeleton 25 structure of binaphthalene is
6-thi:ah2h8Nbehy iyl PhEh AR BRI hehavy t 88 bis(3-amino-4-
di armn?gi d 5rsr%’rrﬁct uﬁrqzlli 41 'Idl’fgpgdi:ﬁcaglrebox%ﬁk?c gg %lsl(ﬁ%\%nnlao 4
hy tiiexyd asnnded shydéthyelUsleriyd) bxadue2s ke afotever, the
having a unit structure of the dianondoid structure
abdes comipednadbisveoti Hntibel twlthe Woenanthdssdétibed above as the
particularly limted. Wien this conpound is used, the
exampldsus dfurther polapbelezoxadofle besimnophehel Bnfpsidier in
i.ncreased. 1-3-1 Dicarboxylic acid having the
whdeh frogrgeipdswely aettheee ERavwpl iasthyf falloevidigcmrmdddi o eidiyohyl
havi ng t he di appndoi d structure. and no functiona
STy uPest ABANERh NS R, dibsramasity] sgrau urheptagliandyl  group,
lic. acids such as

adamant anedi car box
OthFSQ%LﬂHPHnQ@P@ﬁW%Q_reuEC_ gcamgntyl group, undecamantyl
T T —
g@d%%‘&%@%@%?%ﬁ%@ﬁ%&%%%@ 3 bg%)c(ﬁ/ll ! ﬁe(?acaid%’maxf'ﬁyl group,
un&e&ﬂﬁﬁfﬁnggqlgg Ir g&a&l%}xidi& |eg§i g%JE'ngasdiamantylphenyl group,

triamantan oxXyl1cC

tridmantylipheRl anedpt afclinhhey1gRkaAyl
nl, 6Pt¥|!pamagt g%gdlbcareboxyl i gy gci dB;I agfgup, pentamantylphenyl

graugl, r drraneneyisiesBax ydioapachéptddagvdphsyl. group, hepta-
3-tetramant anedi car boxylic acid,

mabtgiptenyhgrotpn eciansaiiyiyhdry]l @oug, aiotammantylphenyl group,
8-t etramant anedi car boxyl i ¢ aci d;
dedsinaaiatydiphenid o roapb axgdetamaacsylphe syt brawyp, biadamantylphenyl
3,3 -(1,1"-bi adamant ane) di car boxylic acid, 3,5-(1,1"-
gropipa datrdaranesdphersoeyeie. seiraadamantylphenyl group, penta-
I'-bingnan ane)di%grboxylic aci d,
adamantylphenyl grotip, hexaadamantylphenyl group, heptaadamantyl-
phenyl group, octaadamantylphenyl group, nonaadamantylphenyl group,
decaadamantylphenyl group, undecaadamantylphenyl group, adamantyl-
phenoxyphenyl group, diamantylphenoxyphenyl group, triamantyl-
phenoxylphenyl group, tetramantylphenoxyphenyl group, pentamantyl-
phenoxyphenyl group, hexamantylphenoxyphenyl group, heptamantyl-
phenoxyphenyl group, heptamantylphenoxyphenyl group, octamantyl-
phenoxyphenyl group, nonamantylphenoxyphenyl group, decamantyl-
phenoxyphenyl group, undecamantylphenoxyphenyl group, biadamantyl-
phenoxyphenyl group, triadamantylphenoxyphenyl group, tetra-

adamantylphenoxyphenyl group, pentaadamantylphenoxyphenyl group,
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2,2'-(1, 1'-biadamant ane)di carboxylic acid and
2,5-(1,1 -bi adamant ane) 20 di car boxylic aci d;

t ri adamant anedi car boxylic acids such as 1,3"-(1,1',1"-
tri adamant ane) di car boxylic acid, 2,2-(1,1',1"-

tri adamant ane) di carboxylic acid,
2',2'-(1,1',1"-tri adamant ane) di car boxyl i c acid,
3,5-(1, 1',1"-tri- adamant ane)di carboxylic acid, 3',

nedpasbnfydongh ST BELS)CAEBE BBy nens

i : . ; % _
AL SR PRSI L S e
phdny- bissédp C aﬂ@@%ﬁ@iﬁﬂﬁkﬁlﬁﬁ@ﬂ@iw&ﬂ group, and undeca-

1,73- bi's(3- carboxyphenyl’) - 42 adamant ane,
adé—m&nbjrl%)(h%n@ﬁ@l@d%ﬂ{?@)ﬂb) adaeEbisaffinophenol compound may be

bi s(4- car boxyphenyl ) - di amant ane,
usdil sihgly ar boxymhemytignodtmotoaneerddi s( 2- car boxyphenyl ) -
di amant ane, bi s(4-carboxyphenyl)triamant ane,
bi s8-tder ooy Hexvyh -thier adamanamee structure in the bisphenol
bi s(2- car boxyphenyl ) tri amant ane, bi s(4-carboxyphenyl)
corgpoend.aalish gaviens Hidy as smathyk gpham ethybgroawnanpeopy] group,
. bis(2-carboxy- phenyl)tetraanmant ane,
isogrofyd (gropRs BERYPHesop) deeknmlivl #veup 12l perfclgutyl group and

oG ATy b S SR neHfon )y ERghYAn €Foup, fluoroethyl group,
o oSO BHERRO ) TR i b b

b; 2%%@%13{1%58 ég %:ﬁg&%}? ?(ﬁ";%g%cfﬁglﬁcg}g i}ae funectional group having
theg! ﬁ%ﬁﬁ&ﬁ&@ﬂxyﬁﬁﬁ%@ UhCRIRN B, coupling reaction between

i s(2- car boxyphenoxy) tri amant ane,

1-ebhshdadanloxypBeard ya tigllbaewmRHaMnpound in the case of the
bi s(3- car boxyphenoxy)tetra- anmantane,

ethyin${ 2 geaup okyphgnohe) tdhriaiid asgucture. Sf)ecifically, the
3-bi s(4-carboxy- phenoxyphenyl)adanmant ane,

couplhigs (rBactasib detpleenoxy hhkryhhteddampoade having the ortho-
1, 3-bi s(2- car boxyphenoxyohenyl ) adamant ane,

hy dosgaitabdasenel Stiplotursex pptesthyngiadmnantae is conducted as
bi s(3- car boxyphenoxyphenyl ) di amant ane, ) _

thebb@sgg reagt seadaapaneviet ot serntcande introduced into the

. bi s(4-car hoxyphenoxyphenyl )- tri amant ane, | )
blSﬁP%l%!@Pﬁ%? PR BHBRyAR Atk ithont cadueign of
the acetylene bond by selecting the most suitable catalyst. '

1-2 Bisaminophenol compound having no diamondoid structure

1-2-1 Bisaminophenol compound having a functional group other than

the diamondoid structure

Examples of the bisaminophenol compound having a functional
group other than the diamondoid structure include bisaminophenol
compounds having ethynyl(phenylethynylDbinaphthalene such as

2,2"-bis(3-hydroxy-4-aminophenoxy)-6,6-bisethynyl- 1,1’-binaphthalene

38



10

15

20

25

phenoxyphenyl ) tri amant ane,

bi s(4- car boxyphenoxyphenyl )t et r aanmant ane,

bi s( 3- car boxyphenoxyphenyl )t et raanant ane and

bi s(2- car boxyphenoxy 20 phenyl)tetraamant ane;

bi sbenzoi ¢ aci ds having the di anondoi d structure
havi ng a greater nunber of oligo-adamantane structures
and adanmantyl groups such as

anfi S(4 I@Q@w%ggnéngl 'ﬁh&ﬂﬁ&'}ﬁ}'& & r:'beiSpBe 3('let yny oi()f “bi-

pheny
naghﬁ(a%eﬁ@* g\oll ();Ilrpqu @%@h%@pamsyl(phenylethynyn-

I s(4-car oxyp eny ri‘ada

naphf{adefdr HERY RRENYS- )olé(BJhy(ﬂrox 515 £ RGABNHG NS, 6- bisethynyl-

i s(2- car boxyphenyl) ri adamant ane
napht{Aenar boxys- bﬁﬁ&‘mlwld}oﬁy 1 arﬂunobhenbﬁﬂ 8aABPREAFR thynyl-
bi s(3-carboxyphenyl )-1,1", 1" -tetra- 43 adanmant ane,

naphti{denar boxyphhﬁykbl)s@ I’tydﬂox,y 4 ‘amibophb ettt pRBAYRABYNY]-
bi s(4- carboxyphenoxy)- 1, 1'-bi adamantane,
naphe{-denar boxy phbhdxy)3- hjtdroky— bammdphand)@ﬁ@ phenylethynyl-
bi s(2- car boxyphenoxy) -1, 1' - bi adamant ane,
naph{dengyr b@ﬁwlnpnbﬁmdyganlpqunds havingiathstdfenylethynyl)-
bi s( 3-car hoxyphenoxy)-1,1 ,1"-tri 5 adamant ane,
uB%“eg’(ez caftbxy &ﬁeno‘%é his-41¢3-hydroxyadraminorhenoxy)phenyl-2,7-

bisg 1'9%@71@ g%gbhgﬁggg%(&/ QS %yglqoxyl@am];nt@g égg@gﬁgggg% 7-bis-
phiBbH G @3@/‘%‘2328%#‘%% 455 Py D 2, 7-bis-
et}}&ln??@ carnt%gg enoxpr Iq%l'lim il h%dr% i“(%‘??& ? gﬁBSphenyl'
OSSR T IRTORIBARTY by byad TR fpens
etW)%eﬁ@éﬂ@xyﬁmeQ@xm @@h@r&yl@ahldoﬁh@ﬁaﬂ%%%Pﬁynyl-

bi S(4- car boxyphenoxyphenyl

ber@ineaadangsbas(8;hydroxy-4- ammophenoxy) 4- phenylethynylbenzene
bIS 3- car boxyphenoxyphenyl )-1,1",1", 1" tra-
hydrmexyafichminophenoxy)-3- ethynylbenzene and  1,4-bis(3-
bIS(2 car boxyphenoxyphenyl)-1,1",1",1"" -tetra 15
hy degayedraansop mo:garﬁzphauslemhymyi@enhm@n amonddsaminophenol
structure at the _main chain which may have the
corgpeyRitioihrving ucathyeyphenylethymaybdipbgoml ether such as

3,3-diamino-4,4-dihydroxy-2-phenylethynyldiphenyl ether, 3,3-diamino-
4,4’-dihydroxy-5-phenylethynyldiphenyl ether and 3,3-diamino-4,4’-
dihydroxy-6-phenylethynyldiphenyl ether; bisaminophenol compounds
having ethynyl(phenylethynyDbiphenyl such as 3,3-diamino-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 3,3-diamino-4,4’-dihydroxy-6,6-diphenyl-
ethynyldiphenyl sulfone, 3,3-dihydroxy-4,4"-diamino-6,6"-diphenylethynyl-
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as 3, 3' -Dbis[4-(3-carboxy-6-adamant yl phenoxy) phenyl ] -1,
1' - bi adamantane, 3, 3'-bis [4-(3
- car boxy- 6- ( 3- adamant yl adamant yl ) phenoxy) phenyl ]
-1,1'-biad amantane and
3, 3" -Dbi s[4-(4-carboxy-6-tetramantyl phenoxy) phenyl]-1,1
' 20 bi adamant ane. However, the above conpound is not
limted to the conpounds described above as the
. I rt.her ampl es ipclyde : di carbho iC j ds -
disfEBTR  SUohEran ) S B e B o5t g debhefy REh iy
: ma f 0 - | gr na t.yl gr )
A e ey L G e L
(pH QUL BON, ARAIIAGhYhe 25 GIP UM NEXEMIGEBILWo-81BMRoxy-6-
hept aadaimant yl ~ group, oct aadamanty group,
et iyORASEII b aBEOUD, OB AALERMGNb- 49K PR xF W phenylethynyl-
undecamantyl = 44 group. Exanples of the co_npounlgly
phdweydim@panep! i go 2Prbiet3thedhay- 2endinopb-phahilethPhylphenyl)-
groups having a polycyclic skeleton structure
propeser ianeld 2Bdis(3-amchardehydroxy-2-phenylethynylphenylpropane;
1,1' -Dbi (di amantane) -6, 6' -di carboxylic acid, 6,
ang' bisag(inopheholx gompoamyls) haying -ahydyHphahplehynyl)phenyl-
6,6'-bis(4-carboxyphenoxg)-1,1[-bi 5 (di amant ane) and
hexpiorgprgpanes spghh 88y Brshiskd pstiaayt-hydraxy: Giethynylphenyl)-
| amant ane) . However, the above, conpound is not
hm?% QeI e %@fh&é(ﬁﬁ%I%ll’a‘é'&}ﬂYfHé’éfYé@Phﬁéyl@%bwm'@beasl)"

o e TR A SO

e g O 1 e O AR DR PN 1
- d 1 -

o g YRR RSoH RR.A0 O £05 SLEUSLALR BN o ingl o

in @o¥ina@{cdUd¥ twhis &F ARYb. group, i sopropyl group, n-butyl
group, isobutyl group and tert-butyl group and
f I uafRalgk ythegr b Sé;tﬁﬁ})@&n(ié,UCHtorl%hE‘W 0BE OBsaminophenol
fluoroethyl group, 15 fluoropropyl group and
confpararcbhhyinggroufumtiynbd pange dseléotadplfesn Obisaminophenol

~compounds having ethynyl(phenylethynyl)naphthalene and bisamino-

phenol compounds having ethynyl(phenylethynyDfluorene are preferable.
When the above compound is used, the modulus of the polybenzoxazole
resin at high temperatures can be increased.

As the process for introducing the functional group other than the
diamondoid structure into the bisaminophenol compound, for example, the
coupling reaction can be applied to a halogenated compound. Specifically,
the coupling reaction of a halogenated compound having the structure of
ortho-hydroxynitrobenzene and ethynylbenzene is used as the basic
reaction, and the functional group can be introduced into the

bisaminophenol compound by the amination reaction without reduction of
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such compounds i ncl ude

3,3 -(55,7,7 -tetranmethyl -1, 1' - bi adamant ane) -

di carboxylic acid, 3,3 -(5,5,7,7" -tetraethyl -1,

1' - bi adamant ane) di car boxylic acid,

3,3 -(55,7, 7 -tetrabutyl -1,

1' - bi adamant ane) di car boxyli ¢ acid,

3,3 -(5,5 -dinmethyl -1, 1' - bi adamant ane) di car boxyl i c

byl o hE sty oSt pible catalyst.
12’;‘%'3 P {sgnﬁhbﬂhgﬂélyéo'n_l‘g(}ﬁﬁ&) hﬁgﬁg‘% %ri]a%?nbngbfda srttl)“{)léedrlecand no
fur%tg;ng%ﬁn&ﬁpahgﬁﬁ&oﬁwa‘}hﬁfy Bierordoid sfradtfls amethyl) -1, 1 -

3, 3ExRill4s O4-tharkiexyRheNol eI lid Baing né diatndhdoid

bi - adanmant ane,

stracBireband dnd Fusei®Raly gfoup3 obhdl PRADtha ddBRNH P NEPL Yare
~)- phenyl]-(5,5",7,7 - tetramethyl)bi adanantane and
inchyud -donsgf@aradd teving5 ahikiydeypiBeyienes sach dabus V- diakino-
1' - bi adamant ane. However, the above conpound is not
resprempbdand t%he-dcampoeridt dissbokpeenziney e campohads 4having
.exanples. The above dicarboxylic acid may be used
dihyidgegxbiphenyl cenph nats o, Hidiamwoo-drd ohpdrodybigtenyl and

process for introducing the functional group having
- 38 RdyEouy dnbinia

OFY dnb rfarHnebmbenybe bisarainapdieapbempounds having
A IE AP BrbEh ooy Uebadtreb e gk Aitsydreay dinbeny]
ook SRASRIRTATe, 2N D prphenzene |0 accofdance Wi
0 ARSRBPANERI oA B AORTRL S bty
hy%ﬁ}bﬂ@do&yﬁﬁeﬁﬂ)ghgﬁﬂei;t hidihohRAL OVEELRY tLRELT DMoleton

carbon” di oxi de gas and ah acid; —an

striétlrd - (R bERIPIRRARIRN QuY PRE wf]m%@%&@&&%nﬁfd}%x&ﬁﬂe Rxy)-

synthesized by etherification o

1, 1bbin(aprhitidleey phepylihdd h3vasasalibas grams suBk B¥!3,3"-diamino-
4- br onobenzoate, foll owed by renoval of the ester with

4,4 dthyclroxydiphefyD sblfoare bbis(ti(d-anirh-Bawidrex§)pdenoxyphenyl)
di anondoid structure in a functional

sulfone and bis(4-(4-hydroxy-3-amino)phenoxypheny!) sulfone; and

compounds having fluorine or a fluoroalkyl group such as 2,2-bis(3-

amino-4-hydroxyphenyDhexafluoropropane. The above bisaminophenol

compound may be used singly or in combination of two or more.

Among the above compounds, at least one bisaminophenocl
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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15 group other than the di anondoid structure Exanples

of the dicarboxylic acid having the di anondoid

structure via ethynyl group anong the above

di carboxylic acids include ethynylphthalic acids

exanpl es of which.include ethynyl phthalic acids such

as 3-adamantyl et hynyl phthalic acid and

4- amant yl et hynyl phthalic 20 aci d, -ethynylisophthalic

aci Gthes UdiBaAsoxgiRMeiy | Y30 c

ethynylterephtﬁgl|c@giélgga%%§cthncé RERBGIE bitucl s
dicrhomyiliy |seid yimihihgr Qp@ﬁlmaéﬂrﬁ_cﬁﬁ"edof 386 diamondoid structure

3-amantyl et hynyl t erephthal i c acid

degdrilyed) labapé tinatlen athleeulboxyd iis n(ﬁCp@lﬁlcauaﬂyaﬁmlted When
2-amant yl et hynyl -1, 5- napht hal enedi car boxyl i ¢ acid and
thig coppperyd ds hysad i:ha mé&dwlashtthidice peldibearbmoid eedai &in be
hethynylb henyl 25 di carboxylic acids such as
fur& 9T 1fgreasrthrant y| et hynyl - 2, 2' - bi phenyl - di car boxylic

) q)and L : : :
o J1caros ' 7 haen straetivoxyl i c 46
propanes such as

s b %E?Eﬁ%ie %Bﬁsﬁ{? ;3314 ﬁ?ﬁmﬂtﬂw‘m@md@‘ﬁmm

_angl s%car Bosiidy pﬂ@@%myaw PR R engaclude

ad%ﬁg@%ﬁ%ﬂgﬁ@cﬁ%gmﬁﬁn C¥l| riyg grrlr?al}/ta)nh i(c%fr g}?yrlgcp;(?ld

2 2(@!1%59%&(@0@1%5} li*: e%&g”éhﬁhi%&&%@’é%%éﬁ%%ﬁﬁébo&yﬂc acid;

4- adamantyl - et hyhy I carboxy

diadn @nRiMoiRirBYRYlic Zcktdiseah bRxy
1ast ruct ur al I‘l sgs\r/rle? s co 1591@1'1 %g(sngIQ %@gﬁ@ %gngy%m acid,

4, 9atianenitpnedivanbbbanz aned ahaugtyﬂ?dmhﬁ%cﬁ Ahokvlic acid;
3- bi s(4-car boxyphenyl)- 5- adarmntyl et hyny %enzeﬁ

trizmdntaddicathpiehioxydidphivehl he pewdﬁ.,mé@ta@féﬂml«%xﬂﬁ acid
whi ch include (ethynyl phenoxy)isophthalic acids sué%

angs 1,65trizmagameedipididayhiy| phitioxylrascnitahalicarbetydic@ntbids
%let hynél phenoxy) - ter eght hal i ¢ acids such as

suc gg Ia exdiy ek ebftthaancanaeiedicalbexylic

orti.o t he adamantyl ethynyl group in the above
aci? ®hnd 980 &atramantane Iczrboxy 1cy aci bfadamantanedlcarboxyhc

acids such as 3,3-(1,1-biadamantane)dicarboxylic acid, 3,5-(1,1-

biadamantane)dicarboxylic acid, 2,2'(1,1"biadamantane)dicarboxylic acid,

2,2-(1,1-biadamantane)dicarboxylic acid and 2,5-(1,I-biadamantane)-
dicarboxylic acid; triadamantanedicarboxylic acids such as 1,3"-(1,1,17-
triadamantane)dicarboxylic acid, 2,2-(1,1’,1"-triadamantane) dicarboxylic
acid,  2,2-(1,1,1"-triadamantane)dicarboxylic  acid, 3,5-(1,1",1"-tri-
adamantane)dicarboxylic acid, 3,5-(1,1,1” 'triadamantane)dicarboxylic
acid and 3’,5”'(1,1’,1”-triadamantane)dicarboxylic acid; bisbenzoic acids
having a polycyclic skeleton structure of the diamondoid structure such as

1,3-bis(4-carboxyphenyl)adamantane, 1,3-bis(3-carboxyphenyl)-
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di carboxylic acids may be a group such as
di amantyl et hynyl group, 15 triamantyl et hynyl group,
tetramantyl et hynyl group, pentamantylethynyl group,
hexamant yl et hynyl group, heptamantyl et hynyl group,
octamantyl - ethynyl group, nonamantyl et hynyl group,
decamant yl et hynyl group and undecamantyl et hynyl
group; a group such as bi adamantyl et hynyl group,
[ Nt yd. nyl, aroup et.raadamant yl et hynyl
B A L Bl S PR GG RSRER, Brstd thoxyphenyD:
- Agdamant LMY y:Aent mantyls. et hynyl i
dwg]rg%up, det a%%lg’rrant y%‘%ﬁ%y&@?dlggg%%,%%%’ bis cargg)q)i)henyl)
didIRERGARTBN LY QLAY Yk yp KRRy LRAGRMNGY(S! | :
1group and unéecaada%g%tiﬁg?ﬁ§%§ g%%Up;B%g§§?§§%q§ﬁ§ﬁyD
tri@h andangnt wi@dﬂzewbekw 1t-2HRant bis(4- -
di amant yl phenyl et hyny gy; oup, ?Irliaanrreant yfspgﬁgﬁyr/ﬁ)oe}%yﬁ)}lﬁwl)
tetgaDMBnt410d, I ambid(Bt DYy FRNFIMEt1GMPatadR,  bis(2-carboxy-
pent amant yl phenyl et hynyl group,
phéweltetrearh phiemd, et rpig(4-@rboyphenoxy)adamantane,  1,3-bis(3-
hept amant yl phenyl et hynyl group,
carboxpplaenoypadmybatiyay| grledrbis(24arboxyphenoxy)adamantane,
. nonamant y| phenyl et hynyl group, decamantyl phenyl et hynyl
bis{d-sarboxiphenpuedamanianheny | kis(dyeabogyphenoxy) damamtane,
. such as bjadamgntyl phenyl - et hynyl group, .
ble‘f’Fmbyp H}a@ﬁﬁw, gr BiRs4 coehoaadwemany i rismemylane,

bisEh Y BheYB pent aadammnt viphrylet yoyl aroup,
bisgtgg%%%%g‘ﬁgEé%%;ﬁg%%é%%a%gﬁgp? roup. bi%%é '%érboxyphenoxy)tetra-
amgﬁﬂﬁ?éjam%‘iﬂ?gﬁ?ﬂg)lfﬁw&)t%&%%ant ne,  1,3-bis(4-carboxy-

ecaadamant y eny ynyt group an
hedeoaatgnmakmpigny! et hynyl 08810633, 96Qh -
P adananty?phenofbphenylethynyl grou%?(%rgB eﬁﬂ&&pﬁ%nyD
addihaftie/ | DBARYRIBOXY SRR bhBhPYRdamantane, bis(4-carboxy-
t ramant yl phenoxyphenyl et hynyl 10 group,
phdretayphany )i pheastapheny bai(ByaybogiMéRoxyphenyl)diamantane,
_ Egntanantylphenoxy- phenyl et hynyl group,
bistPesaubanyyhphenpheplybuybietimianeg hos(d; catbptByhenoxyphenyl)-
. mant yl phenoxyphenyl et hynyl group,
triggaan y| bisbriexshsxaniene nyDtriamantane, bis(2-carboxy-

phenoxyphenyltriamantane, bis(4-carboxyphenoxyphenyl)tetraamantane,
bis(3-carboxyphenoxyphenyDtetraamantane and bis(2-carboxyphenoxy-
phenyl)tetraamantane; bisbenzoic acids having the diamondoid structure
having a greater number of oligo-adamantane structures and adamantyl
groups such as bis(4-carboxyphenyl)-1,1-biadamantane, bis(3-carboxy-
phenyl)-1,1-biadamantane, bis(2-carboxyphenyl)-1,1-biadamantane,
bis(4-carboxyphenyD)-1,1’,1”-triadamantane, bis(3-carboxyphenyl)-1,1,1”-
triadamantane, bis(2-carboxyphenyl)-1,1’,1"-triadamantane bis(4-carboxy-

phenyl)-1,1’,1”,1"-tetraadamantane, bis(3-carboxyphenyl)-1,1’,1”,1"tetra-
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group, nonamantyl phenoxyphenyl et hynyl group,
decamant yl phenoxy- phenyl et hynyl group and
undecamant yl phenoxyphenyl et hynyl group; or a 15 group
such as bi adamant yl phenoxyphenyl et hynyl group,
triadamantyl - phenoxyphenyl et hynyl group,

t et raadamant yl phenoxyphenyl et hynyl  group,

pent aadamant yl phenoxyphenyl et hynyl group,

ad%@éﬁggﬁgﬁga 1L§¥2pﬁegrﬁ)gj%§éﬁgﬁ@ -L],S L’%,W ’L-t%:rg%‘gé}mantane, bis(4-

.ca@gkgggnox p%iéggﬁg@%%}ﬁﬂé%gbg?’”y'bi%(&QHa?rbor;‘;% aoamsnt yl .

a gagran &m% hynyl d v (4. )
d%%gggaadangﬁggﬁﬁﬁgnoxyphekg{2%%?%?Fg%?ggﬁggAn%ﬁﬁ4Fﬁgmxy
ph@ROYS- 191 OLDE 2 RARHADA A, Pheny| ehiyBhrBs:QHihenoxy)-1,1°,17-tri-
bi adamant yl phenyl et hynyl  group, ’
ad adameniy| pizelroxshxephbabyAyl, Ur-adRd @ ntane, bis(4-carboxy-
bi adamant yl phenoxy- phenyl et hynyl group are
phanaferlabl B, 1”25 iCaapomadsans, whbid(3aaeksBephsnosyreid 1 97-
bonded to the adamantane structure such as
tetBagrlaangheaney ny| abim{ﬂwaabm%mmm{yhl,tl(’),xg’/,lli”eteaﬁaﬂamzﬂﬁtane,
. giethynyladanantane- 1, 3-dicarboxylic acid,
bisgt- hapegyphenylr 1,1 biadrmantare- 3 bis(3-carboxyphenoxy-
rboxylic acid and 5-ethynyl -1, 1' - bi adamant ane-

Ph%ﬂghgﬁq@é?%wm%ﬂ%ci d are X3 ipreewimdismexyFhenyl)-1,1bi-
ad Bl | Bis4Ror eRar b e P hrB Thb Loy e ememgane bis(3-
IR AT 2 TR S S
L e T e R e e NIRRT
tetEQMRSasHGR, as  fl U0'b?é(?fd%?g}%&%oxg?gg%%nilgY’Lle”gf”%'&ra-

f 1 uor opropyl group and !
addwendethe Anongindhe by 2&@HBSyp IR Mbﬁﬁﬁfﬁl?ﬁt %’[1”1Petra-
phenyl et hynyl group, trimethyl adamantyl pheny et hyny
adagnaniand eand-comepiyndy deaimat thep HeMMbBESN ¥tr BEQMP at the
pent anet hyl bi adanmant yl phenyl -
main chain which may have the diamondoid structure at side chains such

as  3,3"bis[4-(3-carboxy-6-adamantylphenoxy)phenyll-1,1"-biadamantane,
8,3"bis[4-(3-carboxy-6-(3-adamantyladamantyl)phenoxy)phenyll-1, 1’-biad
amantane and 3,8bis[4-(4-carboxy-6-tetramantylphenoxy)phenyl]-1,1’-
biadamantane. However, the above compound is not limited to the
compounds described above as the examples. Further examples include
dicarboxylic acids having pentamantyl group, hexamantyl group,
heptamantyl group, octamantyl group, nonamantyl group, decamantyl
group, undecamantyl group, hexaadamantyl group, pentaadamantyl
group, hexaadamantyl group, heptaadamantyl group, octaadamantyl

group, nonaadamantyl group, decaadamantyl group and undecamantyl
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et hynyl group, dinmethyl adamantyl phenyl et hynyl group,
trinmethyl - adamantyl phenyl et hynyl group,

t et ramet hyl bi adamant yl phenoxyphenyl - et hynyl group and
pent anet hyl bi adamant yl phenoxyphenyl et hynyl group 15
are preferable. 1-4 Dicarboxylic acid having no

di anondoi d structure 1-4-1 Dicarboxvlic acids having a
functional group other than the dianondoid structure

. : it havi ; : |
ertE A ERmgled B6 «fhaRnintt Bl thdh el Er bR e o
g , : , , i
P AL P REbAEs AR R AN G GILIBEY e
incli dar @lybi(éiéﬁéﬂﬁnm@&rﬂb&{li@e gdiigar be;:?,}sybis@ax-g&%xy-

havi ng et hynyl group include ethynylphthal’ic acids

‘phews 1a8-13¢cdHb ienthab), hal i ¢ aci @,@rtﬂs(ﬁcaﬁﬂoex?%h&m)aggﬂ,f’-bi-

aci d; ethynylisophthalic acids such as 4-ethynyl
(diamaphthal i ¢ acindl and %,&thiphy(4-sopkhphégoadpHenyl]l-1,1-bi-

ethynylterephthalic acids such as
(d12wetnihgng). t egkm*ﬁvleal itheaabdvanshmdp@tid nigl met ephiiteal ite the

aci d; _ 49 et hynyl napht hal enedi car boxyl i c acids such as
compenym gesaribedh aghitheateameplesdias domoragl ihe eeihgoand s the

-ethynyl - 1, 5 -nap ht hal enedi carboxylic acid;
SUrHEIdLTR iRy PBTISHReHA H’l@hﬁb@)@ﬁﬁfﬁtlaéi ¢fstha,dinmendoid structure.

4, 4' - di et hynyl -2, 2',- bi phenyl - di carboxyli¢ acid and,
The ,I%)Slt&?%totﬁ%%hfzg, 5t 1hp (BB A ERE BoRYIVey Chig RiFuckure is ot

i sGcarhoxyet.hynyl phenyl ) propanes such as
pa]%?ﬁ%:ﬁga -%t f'lboxy- 3-et hynyl - phenyl ) propane and

R T R —
v, EVECE NI AN 0GR o,

iso ﬁ:g@ﬂl UBPRERaRA; gxbupt Rydbiiyl, d tert-butyl
g- icagrigog)gcycl oprgggjage; 5- e%’hfrﬁ?/‘flyzafnz 1%r utyl group and

fluditoadikyloxgtoyipbopfuehans; Susreiathgl EsONE’ SA@rodthyl group,
3- bi s(4-car boxyphenoxy) -
fluoropropyl group and fluorobutyl group may be bonded. Examples of
such compounds include 3,3"(5,5’,7,7’-tetramethyl'1,1"biadamanténe)-
dicarboxylic acid, 3,3-(5,5,7,7-tetraethyl-1,1’-biadamantane) dicarboxylic
acid, 3,3'-(5,5",7, 7-tetrabutyl-1,1’-biadamantane) dicarboxylic acid,
3,3"-(5,5"-dimethyl-1,1"-biadamantane)dicarboxylic acid, 3,3-(5,5-diethyl-
1,1’-biadamantane)dicarboxylic acid, 3,3-(5,5-dibutyl-1,1"-biadamantane)-
dicarboxylic  acid, 3,3-bis(4-carboxyphenyl)(5,5,7,7-tetramethyl)-1,1’-
biadamantane,  3,3-bis{4-(4-carboxyphenoxy)phenyll-(5,5,7,7)-1,1-bi-
adamantane,  3,3-bisl4-(4-carboxy-6-(3,5-dimethyladamantyl)phenoxy)-
phenyll-(5,5,7,7- tetramethyl)biadamantane and 3,3 -bis(3-amino-4-
hydroxyphenyD)(5,5”-dibutyl)-1,1-biadamantane. =~ However, the above

compound is not limited to the compounds described above as the
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FrigdghExgitet vepaiipne paghis

5- et hynyl benzene; structural isoners of 1,
3- bi s(4-car boxyphenyl)-5- ethynyl benzene;
(et hynyl phenoxy)i sophthalic acids such as
5- (4- et hynyl - phenoxy)i sophthalic acid and
5- (3- et hynyl phenoxy)i sopht hal i ¢ aci d;

(et hynyl phenoxy) terephthalic acids such as
2- (1- et hynyl phenoxy)tere 15 phthalic acid;

| phenoxypht hal i ¢ aci ds such as
exgﬁ%%@%thynylphenoxy) pht hal i ¢ aci d;

(et V. ) - ' i s B-.(1-et,hynyl -
phem AL RRS Lt (aaBEhe sSSP o il seBfgon of
twaGkdsosuch as  2-(1-ethynyl phenyl)terephthalic acid,
and et hynyl phenyl phthalic acids. Exanples of the
di cAsbeY I hrocadd dothamiddubhenhet Any hn
20 phenylé%hynylphthalic agggs such é?ngﬂ%ﬂ%ub ﬁbUﬂ&;the
diainphésidl etiuenytphnbalihe abbde a@idarboxylic acid compound, for
4- phenyl et hynyl pht hal i ¢ aci d; phenyl et hynyl i sophthalic
exampls sbid4drombphleayi)t EBRydwthasoniyt hdki cspeihdsiRd  from
_5-phenyl et hynyl i sopht hal i ¢ aci d;
diphewpdemambaneer epht hbrdobeizdnesuoh ascordance with the
2- phenyl et hynyl terepht halic acid and
a}-p@rt@g{yghenyl)'1,3-adamantane can be
henyl et hynyl napht hal ene, 25 di car boxy]ic acids such as
synthegized| 8y nypRyerfing ﬁgﬁhbmm%@wew bigsg| f8 anieindwith an

g LB SR i, i aorgad an aci
L T G T N
by ggﬂ{e‘}?ﬁ&ﬁﬂp h&“ﬂi@@hﬁfﬁﬁi’oQﬁ?ﬁﬂgﬁ}ﬁ‘-@l’,@%ﬁ&{a‘%ﬁé% anRa %Jgtlfxyl
4-b2oRroBkR bR b P RERVY &L by sﬂWiM?é%ﬂIééMOpLOp

ane; (phenyl 5 ethynyi phenoxy I sophthalc acids suc
1-308 Dicariphigicl 250 WwinkaRe dihm sl bl dtGrA6h 4 functional
5- (2- phenyl et hynyl phenoxy) 1 sophthali ¢ acid and
gromp( Ghphehyh ghb\dighphdoakyirusoplt hal i ¢ aci d;
(phenyl et hynyl phenoxy) - terephthalic acids such as
2- (Expharded ef bym digrirbnexly) berdebiting ihe digintondddGtructure
. (phenyl et hynyl phenoxy) pht hal i ¢ aci ds. Exanpl es of the
viagj eidyBity|greup among the above dicarboxylic acids include

ethynylphthalic acids examples of which include ethynylphthalic acids
such as 3-adamantylethynylphthalic acid and 4-amantylethynylphthalic
acid, ethynylisophthalic acids such as S-amantylethynylisophthalic acid
and ethynylterephthalic acids such as 2-amantylethynylterephthalic acid
and 3-amantylethynylterephthalic acid; ethynylnaphthalenedicarboxylic
acids such as 2-amantylethynyl-1,5-naphthalenedicarboxylic acid and
3-amantylethynyl-1,5-naphthalenedicarboxylic acid; diethynylbiphenyl-
dicarboxylic acids such as 4,4"bisadamantsrlethynyl-2,2’-biphenyl-

dicarboxylic acid and 5,5’-bisamantylethynyl-2,2’-bipheny1dicarbox_ylic
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10 acids other than the dicarboxylic acids described
above include 3-hexynylphthalic acid,
2- hexynyl terephthalic acid, 2-hexynyl-1,5-
napht hal enedi car boxylic acid, 3, 3'-dihexynyl-2,
2' - bi phenyl di carboxylic acid,
2, 2- bi s(2- car boxy- 3- hexynyl phenyl ) pr opane,
2, 2- bi s(3-carboxy-5- hexynyl phenyl ) hexaf | uor opr opane,
acni}hé)wﬁwrbmmhmﬂlmﬂwnyl)pmm@pmh 1% s2rasbis(@-ahrboxy-3-
i sonmers of 1,3-b's(4-carboxyphenpxg)-5-hexyny|benzene,
ampptyleibpyirhensliprorane ngndn 28 kis(2-gavhgxyade neamyigthynyl-
roup such as. 5-(.3-hexynyl phenoxy)i sophthalic acid,
Phgpéfﬁps‘&%’?‘%’c%é%(g%b%é(@Fhﬁglﬁlﬁbengﬁg@éﬁtfbwr@prmnﬂSe sokch as
etyl ene in the l.ecul e.of talane such as
2’%%?(¥ECW§?M4WB%F$}EYW&P e exatluoropropane and 2,2-bis-
3. 4-tol anedi carbaexyl k¢, aci a 20 di car boxyl i c .acids
G At R RBR R Leh o ok psRPeene. shedamsni!
=i ' lig_acid. an 6 o1 )
et%ﬁb?%@ﬁy eoﬁgggégg%(%%ﬁ f cga%rlﬁaptyq%ﬂ@'rﬁﬂ&l% dicarboxycyclo
L GALDOX W orghls 1y usegy Si nglay,ar, | 5
pré . Al MRYmRes %’mngg,tSYhI:élggtjbgc{l/}eboxyphenoxy) 5

conbi nation o Oor. nore.

adﬁhpcﬁ{t?mt}i?rhﬂt%ﬁzgﬁe; SirubRBa] iQRfe:d F8F BBV GrbBEH ShenyD)-

sel ected from ethynylisophthalic acid,

5-4dedhynyylptienodeh ot hahd ¢ @5hﬁ§d§'lﬂhenoxy) phthalic acids,
phenyl et hynyl i sophthalic acid an

exgpipdey | @t whiyh phebadey ) (ethaoiphbadiisphthilic acids such as
. g ef erabl e. Wien the above dicarboxylic acid is used,

tadareantdethymibhgnetaniophtbalic hacidi raid y(ahyayhgenoxy)-
pol ybenzoxazol e resin c?n be increased. As the
teyspdéhalic f apldp nsudtiues ng (1 ndamantyleshanyrhempxyltesephthalic
%Fan-tge diannnd?ighstructure, for exanple, the
acifr ocesee dESERBed! | fhe apanmeatybthynghstaypl iwatthen above
d.Labd-qﬁen h@. 2002; 201158 can bﬁ usea, In %écordance
1GRreR i s 08y PRelt BHUR GHSR GPodipmantyethynyl group,
| [ hal ogenat gd di,car boxyl i ¢ aci
AT R R .
gr(%igﬁr)], Ligeexa%a?ﬁffléﬂﬂﬂyx ’grgﬂﬁ,nﬂéﬁawfi%y%t%‘}%?r? )§¥<|)1|11§: i dac%églantyl-
ethynyl group, nonamantylethynyl group, decamantylethynyl group and
undecamantylethynyl group; a group such as biadamantylethynyl group,
triadamantylethynyl —group, tetraadamantylethynyl group, penta-
adamantylethynyl group, hexaadamantylethynyl group, heptaadamantyl-
ethynyl group, octaadamantylethynyl group, nonaadamantylethynyl
group, decaadamantylethynyl 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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obt ai ned by obtaining an ester of

phenyl et hynyl di carboxylic acid using a 10 hal ogenat ed

di carboxylic acid ester as the starting nmaterial in

accordance wth the coupling reaction with

phenyl acetyl ene, followed by renoving the ester group

by hydrolysis with an al kali. The above

t ol anedi car boxylic acid can be obtained, for exanple,
nohamadytrhtandethyingh gronocdssamantdibbbnyRehynyl group and

tol anedi carboxylic acid is 15 synthesized by
unﬁﬁ@wﬂnﬁ@p@ﬁnw&hﬁnﬂ grewmn 2grenp derchvas ihiedmbaheyipbieayl-

acga, foll owed by preparing_ the skeleton structure of
cthygd aroyp. Argdaatayyiphenpletdrynyherenpel tetoaadamaotylpbenyl-
1:of ol ane is | trgduced ron1%§2§pzoic acid_ester and
© IE"Bﬁer%?P‘éPhyW agepmAty tRnany lefoyarl agraumi thexendamanityl-

re ion.. 20 The digcarboxylic aci.d having the skel eton
ph%??f?yﬂ%’i‘%l of5"88Bhe PRAE T Aty IR AHT@YE anerte,  octa-

( i \ N

R N RN A
Leid i i , - 78)..

de Spec ﬁ%&%ﬁ#%‘éﬂ@e @%%h%%oy Pe %ggi gg&%%")]? %Iai antylphenylpthynyl
T al i . ti .a enox nyle n ou

e i) AR SR By bl g

didr@dhtjﬂph@n@k}ﬁﬂie&y@etfhiyﬁ?g %{b@l,et&ﬂﬁa%ﬂgh@ﬁgx%% Wilethynyl

renoval of the ester. -2 Dicarboxylic

grdvayi tetramdityipindeixgphbhyiethyeylangdons, ﬁéﬂt@hﬁé&&?ﬂphennxy-

group ot her than the di anondoid structure Exanples of
phemdetisovd direap bdepaintamiylphd modyptienphithghi L @oufs hepta-
such_ as isophthalic acid, terephthalic acid,
mantylnhenexepherrigthvndci groamwd ostamantylphenoxyphenylethynyl
2,3,5 6-tetrafluoroterephthalic. acid,
8ro}ibp h R By Phenylethyakl agroup, decamantylphenoxy-

ph%iéeﬂ%%rﬁﬁ%lpg:ag—g gg %‘}%Igagglghe@?@phenﬂethynyl group; or a
sT0 : 4%@1?(L%%G@é&%%%%}%@ﬁ%b%%mwmhyma 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

structure such as 5-phenylethynyladamantane-1,3-dicarboxylic acid,
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4, 4' - bi s(3-car boxyphenoxy) bi phenyl ;
napht hal enedi car boxyl i ¢ acids such as 1,
4- napht hal enedi carboxylic acid, 2,3 -naphthal ene
di carboxylic acid and 10 2, 6- napht hal enedi car boxylic
aci d; bi sbenzoic acids such as 4,4'-sulfonyl -
bi sbenzoi c acid, 3,4'-sulfonyl bi sbenzoic acid,
3,3 -sulfonylblsben20|c acid, 4,4 -oxyblsben20|c
5- g@y@yl@dmnamgm éb%dmwboz@dlcd anacﬁi 3' - oythesRtsthongl-1,1"-
aci d; biscarboxyphen Ipropane(hexafluoropropane)s
bl%@l%lﬁaﬁiialﬁ 38 Eilgf(rbﬂﬁﬁﬁboﬂyld pheduyl5)r ‘#il’ln’piafﬂl'd r bladamantane-
bi_s( 3- carb xyphenyl ) pr.opane, i s(4-carboxy 15
3 %Hﬁﬁ%‘k)qué(;(lﬁqu; r%ﬁ%r r&gsg/r{ér% pb le. Tfle dlcar(boxyhc acn%/ may be

2-.bi s(3-carbo h exaf | uoro- propane;
usafic%’fl%%xw 8 e AR ot her SReret R Shr dipup chaing the

dgnREaE S8 ug?aax%ah%‘;fyjibwhmlm 86idenalkyl groups such
LT T
grgﬂ%E%gE&§3Q¥£h£zgﬁgﬁﬁﬁcargpgyp e§%§3?¥ﬁgsﬁ§ﬁter§ enﬁaﬁas

flubrdmebh i grovi MB@&M@%uﬂ* ﬂh@fo’iﬂsp%f ﬁro-UbeaﬁH?Y@otrobutyl

conmpound fay be used $ingly or in co atron o

group Meg. bd -torfdedcessmbal HepBHAE | BBupk, ﬂlﬁ%mﬁéﬂéﬁla%tyl
resin precursor conprising the first repeating un

phasylEthyheh zgvoapol erifeshpladhaecartyOp h&@pthaivg gib8p, tetra-
first repeating unit can be obtained by the reaction

methyithadamsany yoyhpouny peatangthphisdemantylphenyl-
di anondoi d structure and the dicarboxylic acid having

ethygsd aaﬁmou ddingthydadamantphenglethpnylof gttwp, trimethyl-
bi sam thy ound havi ng no_ di anondoi d

ad%%’éi’ BOHPD dﬁﬂﬁnéeféwﬂ'alaﬁammgfymieenoxyphenyl

nd0|d tru tur rea on of the
et B and P E R PiRAA R B SnereRRsde iyl group
and the dicarboxylic acid having the
ar@?%#%% &?d structure. Exanples of the process for the

1-4 efﬁ&é@%ﬂﬂg LR L PR02%d Biamondoid 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-
1sophthalic acid and 5-ethynylisophthalic acid; ethynylterephthalic acids
such as 2-ethynylterephthalic acid and 3-ethynylterephthalic acid;
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chloride process. Specifically, the dicarboxylic acid

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 formam de at a 10 tenperature of the room

tenperature to about 130C. After renoving thionyl

chloride in the excess anount by distillation under a
ethweiloenhthalessdicarboxidicontidis medhras Rduhynsl-1,5-naphthalene-

.recrystallized in a solvent such as hexane, and a
dicgregrpasy | 2edaciagdc hidethyayld, Hpaahbealenelzaohoailived acid;

axylic_acid chjoride and the bi sam nophenol 15

di‘%@g’gg’ BHEBBEYATROEY HE eaily sgchnas 4ad bty msdt 4 @rbiphenyl-
d“‘%@"@?%%ﬁé%%@ﬁ ég’jdg%ggr}l?ffﬁe?"bé&alé@mdﬁiqagbowlimmid;
b R o BB T Eb Bt colith 3 de? Badismbon SRyl
phESPUEGIN, S'nd oF | ZEERE ot TidtaPhghcSropane
R T e S

group at the si C obtain

etidinylgheay ) Rek i udrBprdp drsd ah 8 REREANG- a4 Bb 'Fs%tﬁghm})%gpd)-

particularly limted. It 1s preferable tha

hexdflusepesadang |4 eChyivylil 8QRcHMdxYBF B0 abky, -2 2-
- 100. When the nunbe)ﬁﬁy of repeati ggji SMV(\)II%%%EH ?heéﬁggg{/%’z
dicaabgrycyelopebpamnt; sotigbidalt isoaiees Wir HAbbld(4-¥aridxyphenoxy)-
exhi bited. The active ester process may be used in
5-ephueelbenzene asirdctunadr iidemedd pfockSshis(hcadoayphase) 5-
with the active ester process, for exanple,
ethygibansensy |(etsmylphengspisapbthalic rhilsr sadt iasn5¢4-ethenyl- -
di carboxyljc.acid. chloyide described above and
Ph%WéPS?éB}]é‘%li‘bt fci o1and o b etdypyiphanexy)isepbthadivd acid;

R Ao e R R
ph3{v ﬁcﬁﬂpg{}%;ﬁylﬁhgﬁoxyphthahc acids such as 4-(4-ethynylphenoxy)
phthalic acid; (ethynylphenyl)isophthalic acids such as 75-(1-ethynyl'
phenylisophthalic acid; (ethynylphenylterephthalic acids such as
2-(1-ethynylphenyDterephthalic 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 as
4-phenylethynylisophthalic acid and 5-phenylethynylisophthalic acid;
phenylethynylterephthalic acids such as 2-phenylethynylterephthalic acid
and  3-phenylethynylterephthalic  acid; phenylethynylnaphthalene-
dicarboxylic acids such as 2-phenylethynyl-1,5-naphthalenedicarboxylic
acid;  diphenylethynylbiphenyldicarboxylic acids such as 3,3~
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higher simlarly to the above process. 2. Benzoxazol e

resin precursor conprising the second repeating- unit

The benzoxazol e resin precursor conprising the first

repeating unit described above may further conprise

the second repeating unit described 10 above. The

second repeating unit can be obtained by the reaction

~of a bi sam nophenol having no di anondoid structure and
diphehydathpoglt 2, 2" laipibe ny hkivaartigxeiic dictdronid @aeh st Hdny1&h nyl-

The benzoxazol e resin precursor conprising the secong
phespbarepanesunisuchiescrsi b2 dibeZecarboxs 3aphenylethynylphenyl)-

pol ybenzoxazol e resin havin%ngs di anondoid 15

prepaft drislcarhexsmhestylethysaln hapyiticxafndropropssesnduch  as

ti unit may formthe henzoxazole resin
2,%5&22@5 oxys 4phegiyde thray Iphensd hexaiflworeprppanei e. | (phenyl-

ORI RSo SRR RALY Brike AHEh (W JALOREAYEGEHD IRpenoxy)
s BibeRer i o SR e e B napHenoRnd
R A8 BERREAAE, o BPandfiby By henoxy)
e o 7 oA bR OB acia

anai(ﬁh&hg%ghgﬁylph%%ﬁyﬁﬂﬁhaﬁyiar&ﬂisno J%I&aggp d0Jrd 3t dUS IS Tic

descri 5 above 1n 1-2 and the oxyl1c aci

aciemmabed havhngheo dicafmigicd aglE UdeyESbAES GhbPed include
above in 1-4, which are used for the benzoxazole resin

3-Hekypytechihedic caojl,i sRigsyhelibrésitha¢ipeantilg UiHexyAA11 5-
be used. 2-1 Preparation of the benzoxazole resin

naphthalesedicedmprilsi ngicidie  3s¥ahhexymeyle? Ri-bip heniyldidsridkelic
reaction gf the bi sam nophenol having no di anondoid
acid, 2,2-bls?2-carboxy-3-hexynylphenyl)propane, 2,2-bis(3-carboxy-5-
hexynylphenyDhexafluoropropane, 4-hexynyl-1,3-dicarboxycyclopropane,
structural isomers of 1,3-bis(4-carboxyphen0xy)'5-hexynylbenzene,
dicarboxylic acids having an alkyl group and ethynyl group such as
5-(3-hexynylphenoxy)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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5 structure and the dicarboxylic acid having no

di anondoi d structure, the acid chloride process

descri bed above can be used. As the result of the

reaction, the benzoxazol e resin precursor conprising

no di anondoid structure at side chains can be

obt ai ned. The nunber of repeating of the second

repeating unit is not 10 particularly limted. It is
thPlcPb&ylBilifgt 1 AL f t '

and nore p;ge(%g{s]éﬂgrg 5 toﬁ%1 .OH\?\%g%ﬂt ggghs%éatzg%e fesifl tan
berigpraisedlg is wthin the above range, excellent

solubility and workability are exhibited. The active

est éts the pesssadyr hetradadingntlp) Aasctthdlgoapi dther than the
chloride process. In accordance with the active ester
dipmoundsis] strcteranfirepxampldettrotproazssl desdrified $n Japanese
pr egar ed by the _reaction of the dicarboxylic acid
asembor Appligeideni Bedd4here Nod 2003-80d%5Benant biecaasded, In
ang t he prepgred ester and the _bisam nopheno
aceprdapee gath ke dreesspthe fenrgginnal mroup ceachd vriredwuded using

© GEERP aP BP LD e SRR 455,
| in. i SN he third
hy FEOATY BRG i ShARBEIRO P Rerd Ry pR{diEbssxtis opeds eapn be
_ i . p . . '
obPHEEY P Ginldl® R RFEFbe SN SR hPR A PR isif Bpine o
hafeWB &P AY& bkl PEcidesqE) BEdns %@&ffs}.‘i#}% %%térita;; :}ﬁ qecordance

benzoxazol e resin precursor conmpris

wiﬂ?ﬁl@@_&&ﬁ}ﬂin% Peditidn WitIPpRERFIANEEI e, rﬁﬁb@e@&%ﬁéﬁ}&{iﬁg the

conprising the dianondoid structure derive

estioir gRouP bpTiehbleospatingn AMeR. the third repeating 56
unit is present, nodulus of the pol ybenzoxazole resin

pr effareabdye trdaneglichtimxgiiecitid @anilse bBtdigasethr example, in

Workability in the process for preparing a
acesedipendwitiora dprdcess can whidhptloy esloyediterbiorglieaseid is
syrlltrl]letsihzeedqo?ydg:lreupsairing stilbene from an ester derivative of benzoic acid,
followed by preparing the skeleton structure of tolane or a process in
which the skeleton structure of tolane is introduced from a benzoic acid
ester and a phenylethynyl derivative in accordance with the Heck
reaction.

The dicarboxylic acid 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.

52



10

15

20

25

The nunber of repeating (k) of the third repeating
unit is not 5 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 wthin the above range, workability in
di ssol ution of the benzoxazole resin precursor in a
3| vebicarboxylia| peik having mer digamendaid estrudiere and no
benzo | e resi nhprecursor C the third
e ppthenghap the diamendads rHetl@Bbt ai ni ng t he
benzoxazaol e r.esi n. precursor onprjsing.the third
e Eaaotes i Hho (BN eleaparslie APb s e e aFsalic agids such
be_synt hesi zed, by thg reacti on. of, a bi sam.nophenol .
25 o R b e Sei e baTEs ditea BiuPER OIS AbuAnd
' ' i mawhich. X1 - represent s gro
248 600 odib iRt AT, BentRPGERD R HE joyen s
4 RSl RNONR6RNRY e 0Bl 3 45 L% flc compaunds o
rg)glr)eseyr}tg'gi bgﬁh?%rn%ﬁg’ [i%g @%@&ﬁﬁdﬁ&@gﬁﬁﬁ og\ﬁﬁg, 3,3
bipHeddaRArDdxyl1RPT €SGAL S & HHRMR- 58
pHen yl ; ) 4= (i 4F’§ﬁlgélbot)fg8rg§hgﬁyl and

groups represented by fornul ae

4, £5ps(8sseHolyp Heloxy)isphkbvi] nﬁ?ﬂtﬁaﬁeﬁ]adich% RUBRids such
represented by fornmulae [7-1] and [7-2] and the

as drbupp hehpleasdzdrbyxyflar mill a2 S-h8phtrdehicaft@iylic acid and
exanpl e, a conbi nation of the bi sam nophenol conpound

2,6aephthalheedidhdmxydioi acidt hugianzeiandidsheudi car paxyhifenyl-

.acid having no functional group, a conbination of the

bishenapicnagife Pot “stofassiiighenxie pade 355 sulfanphdehehzoic acid,
tructure and the di carboxylic acid having a

4.4 gr¥bisBRarolg Aslh 3. biebishenzoimecidianthadopyykisbenzaic acid;

bic2h 18 cogtéi n&ti on o thgf-l 57 bi sanj nophenol corrp?und

IR R PORBY IR SRBAEherauprRRtgpanetshsuckyasa PRI 4 carboxy-

phEFIHABEHAY "% E4AGH AL JHONRIANGLERE I S PO Gony-

- phenyDhexafluoropropane and 2,2-bis(3-carboxyphenyl)hexafluoro-

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)phenyDfluorene, 9,9-bis(2-carboxyphenylMfluorene 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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havi ng a functional group other than the di anondoid
structure can be brought into reaction with each
other in accordance with the acid chloride 5 process
descri bed above. The above conbi nati on can be sel ected
as desired so that the object property such as the
object permttivity can be obtained. For obtaining
the resin filmhaving a snmaller permttivity, it is

thode{@6albrl sfraktiire’ £8d Bhé dicarbaxd g aidgaRe i :
formed. For this gurpose tﬁe E%nb?ﬁgtl%n gQ§)Hﬁunondoui

strictard, noph eralctivaviofg thé ebitham@agheAols tebyiidRl 1aAg no
t he dlcarboxyllc acid having the functional group is

diampedpdebenablie. ahd the NiddbRklic Xtid W2 ihd &hel8idmlondoid
formula [181, Rl and R2 each independently represents

stiygtisgen thet seadiommfothya hisamgmophentk aopieanef hakéng the
or gani c groug i ncl ude al kyl = groups having 1 to 20

dl%f)@@@idaﬁ@ﬁlﬁ ﬁndsthﬁeldmgﬂr gxvlip acet havigg dlp, diamondoid
ropyl grou opyl group, n butyl grou
strluc %;;Wlﬁes' gggﬂ)@ypm(@sg the geactom y]jncg.}dyu phe acid
grou s aV| ato 20 honded vi a
chl?)adé 1\3/?9158 @Y @1%8#&% i peidaeseahegnabawns

DY 5 BPLsSies” RRPHY PRECRRTS Rte TERCE e vith gach

"“ﬁemnl?% E profb i R60e ?2’“%9%‘%5?%%%}“ e TR
teﬁb@ﬂtﬁ?&%f‘ ﬁlea%c%lcﬂﬁllﬂf’)é g@%grélgcﬁg fheMe and,, r Temqving

1- hydroxybenzotri azo 4"t ne i néd ester
thibh§BEhIsRAE el th@l%&%@é@%@a&t}&%ya&%ﬁﬁm&%hﬂﬁ@a reduced

reaction with each other at
pressure, the obtained residue is recrystalhzed in a solvent such as
hexane, and a dicarboxylic acid chloride is obtained.

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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5 tenperature of the roomtenperature or higher. 4
Benzoxazol e resin precursor conprising the fourth
repeating unit The enbodi nent of the benzoxazole resin
precursor of the present invention which conprises
the fourth repeating unit represented by fornula [10]
shown above will be described specifically. It is
preferable 10 that the benzoxazol e resin precursor
proenssr i slingaachedamger dvitbpébe | agivmidstehgsrotbss, f fur tRample,
repeating unit represented by fornula ElO] shown above
benperemh ester Henprepared eby dbienrenctionr obrtheodieailsinydic acid
he,t 'rd.Le eating unit is not limted to that
chippids gleperibe Lﬁﬁwer%@a%'merwhenzméamﬁ:ogndovhe prepared

- t, f.the f h r, ti it t .15
eselt ag el Phothincagionp] deerPbfophale Timibe Homghbomto
: af | [ [ nt f, 2t , 000,
oS bEREEh O8N Pl el " 8be B’ dhraeom Traperassry or
hiéﬁbr’ ﬂhﬁ%ﬁﬁy? ¢HY B&@Bme‘é’g‘&.ﬂ the number of repeating
S wthnt a

e above nge,” workability in dissolution

2. gf&iﬂ}%ggﬁﬂé Q¥ 8% ex%cﬁl?gd' orBENESHe ddlofd SODYEM e LS
I epERHel hAdRbEoIEBY sTPp R curBS: &ﬁﬂﬁﬂ’éﬁ&[@kﬁe Fi8SH Fepeating unit
precursor as a copolyner or as a sinple n1xtur§{lllﬁ

detditbarhabowf manyCRRChOBImp1iRe tBO REENHTE Fe s itEPURIt &icribed
the third repeating unit and the fourth repeating

abuve.t ‘Bhe aeyond rapeatidgnunic apel beribtadidaby eheatda@ion of a

_copol yner and a bl ock copolyner. 25 4-1 Preparation of
bisameinopheoghhaving esi disprevloid airedmpe imidg dierfoxyilichacid
repeating unit 59 As for the process for obtaining the

hapuyg Bg didmendeis sfrpetawar sor  conprising the fourth
repeati H unit, the benzoxazole resin precursor can
I

be FadolsyTeHR PUESEETBNCHRPESHIS dhe riepprdh gepeating
un%toggs%%ﬁ%dmﬂo%% foPms a polybenzoxazole resin having no diamondoid

structure.

The first repeating unit 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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represented by fornula [18] shown above, in which X1
represents a group 5 selected fromthe groups
represented by fornulae [2] and [3] shown above, and
a di carboxylic acid conmpound represented by fornul a
[20] shown, in the following in which Y2 represents a
group selected fromthe groups represented by
formulae [111, [12-1] and [12-2]. For exanple, a
prawnrbinedmprisoig thefibstsapentplzamlt, conpewrdd havi ng t he

reacti on Wi th _ac other i A accordance with the aci

t s described above. 0 0 15 HO C-Y 2-C
OH [20% The active ester, process may be used in place
e

se

of e thei readiiogy jdetheisaminophenrele haying ene sdigmondoid
oL S R TS G P o0 s, e
ol YPrcp fita s PESATHD ARRGP ookt Hispla Aboths Bt SF the
oIS O SAEBORe TG E DS Rl o damondord

strBeRaRXAZake chgﬁiﬁca{}{ﬁ%%%hegpnpri sing the fifth
he e

repeating unit odi nent of the benzoxazole resin
Pr eQUEs elundert RE RIRSCMHg 25thdV@RbAN MYatthE AMET RS0t
the fifth repeating unit represented by Tornmula [13]

pashevargbireted. | 1t he pdeesbloethaspheifi@bbt ¥f réfedttng is 2 to
preferable that the 60 benzoxazole resin precursor
1,006mpnd singe tpirefetrhblyd 5riep2@d. nBWheni thandirhber of eupédting is
repeating unit has the fifth repeating unit
withapribseritord rhpge oexrellant pal3piktyoand abiorkebaitytregixhibiged.
benzoxazol e resin precursor_conprising the third
r ep@BE| MY enpeten TFoeeRs MadT bh usepdat plage wfithei acidgthloride
limted to that

process. n accordance with the active ester process, 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 represented by
formula [1] shown above will be described specifically.

The benzoxazole resin precursor comprising the third repeating
unit 1s a benzoxazole resin precursor comprising the diamondoid structure

derived from the bisaminophenol compound. When the third repeating
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5 having the fifth repeating unit. The nunber of
repeating (m of the fifth repeating unit is not
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 10 within the above range, workability in
Aoi@n - .
B e R € S HATR PR A HicPRRed By using
thé Quetdirdoppigainchgadsd. t WoskdMBtf liht the pERRALI B8 PHebhring a
may formthe benzoxazole resin precurSor as a
seafalduivesy deric@saR bsi iy eved biuhe inkibalsBen GR8 enodulis.
copol ynmer, the copolyner may 15 conprise the third
r ep@aei ngmbrrt of rhpefiingt (k)r epehe i grdinicheatidet BRIt is not
fifth repeating unit as any of a random copolyner, an
paicwanbt lingteabpdtymgrefantla thibtke aopobemnef regeating is an
. Preparation of the benzoxazole resin precursor
integepof 54 1ty 1,001 miarh predersddy rap imbage20IAS tho60@ mnd most
[ t he benzoxazol e resin precursor

e&ro elssfor obt ai |]{r51 .

pr %Vsﬁﬂglrttﬁgelfi t W tep@dt i Mehamithe nambisencbyrepesiteng is
.,esi.n precursor can ..synthesized by the reaction of

wilhi5, B S ase. BOHRSRINAY AR (stsof Sion B BRnardsple resin

[ a [21] shown_in,the follow ng, in which X3
pr%@%gﬁi%h%§oVe&?é%ﬁxggkggted from the groups
3-1 CRLESHRS b coR oM 1 APQV ey ird

and a d arl XY d O' ephtesetitea— oy
refeRiifH @nit20] shown in the follow ng, in which Y2
represents a group 61 selected fromthe groups
repagspRt &k PYodddt ek ashthiding EH@-b%hz@Qﬁzdlé-zfegin rEQirsor
exanpl e, a conbi nation of the bi sam nophenol corrﬁ)oundr
corippisitg tive tHirdnmspdatiheStinliC the SedRfkiolé hesin precursor can
bi sam nophenol conpound having a
be synthesized by the reaction of a bisaminophenol compound 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 dicarboxylic 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
expressed 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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functional group other than the di anondoid structure
and the dicarboxylic 5 acid having the di anondoid
structure can be brought into reaction with each
other in accordance with the acid chloride process
descri bed above. The above conbi nation can be
sel ected as desired so that the object property such
as the prescribed permttivity can be obtained. For
bisahtiabphewgolt heompeindf ihavingvitig adk¥Bbhéid structure, the
_permittivity, it is preferable that 10 a resin film
dichalvoxydict arid pevesg i® faonetizhal Fgrouph adpthipAsearboRelic acid
conbi nation of the bi sam nophenol having a functiona
hayingup mebionghgroup hethdir athemd ohel damoeatdoid stnettiie can be
di carboxylic, acid _having the diamondoid structure is
bropghé ippeFeacisrewitlseanothan inaRordance Bith. tHe £cifl 2hJoride
In foynul, [21%, R and R2 each i ndependent|
Procggst éLeéﬁlf eflyabeyen Theoakevsn wmbinabioganan éw caegdected as

ot Bl Bhaf b 538 B3 By b Sisthaorgr Sy be
obiGh, 5 5h R A eelh B o A GG Bl St i
eref il LU B ARG DR S b33 S50800 o aE R prpose
the BB AAE 155 MORIS o S gl Bty Bt e

an®@ERE BfhrbbRyTid Sciaﬂqgﬂx}iﬁg %ﬁé ?ﬁn&ri&%—ﬁs%pu? hlg %g%:%taérlﬁg%lb}%

ester is prepared by e reaction

acid chloride described above and

1- hydr oxybenZ4 rifazol e, A the obtained ester and the
bi sam nophenol = des¢y i ped alfove are brought into
reaction with each, er_at a 5 tenperature of the

room t enper at LR?O” hi ghe(). R2 [18]

In formula [18], 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 vinyl groups having 1 to 20 carbon atoms
bonded via —{0=)C-.

0 0
HOC—Y,—COH

[19]

The active ester process may be used in place of the acid chloride
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6. Benzoxazol e resin precursor conprising the sixth
repeating unit It is preferable that the benzoxazol e
resin precursor conprising the third repeating unit,
the fourth repeating unit and the fifth repeating unit
has the sixth repeating unit represented by formula
[17] shown above 10 al though the benzoxazole resin
precursor conprising the third repeating wunit, the

pro@isst NTh epRaidtie: Boch Aadedha BEﬁi&rfa%?F@Ef.é}gis;ﬂg%)ia%réd by

not limted to that having the sixth Fepeatin
thd ht‘.‘emfdiﬁrofbfthée@@@iﬂbﬂg?/ﬁ@) a@fl ChEorSdt JedcBRRAL idHdve and
unit is not particularly Iimted. It is preferable
1-hyditoxyhenmtmzenlof andghat dlitginel asterlénd rthegbisagfindphenol
1,000, nore preferably an integer of 5 to 600 and npst
deperabet abbgvenaiant byerghdf 1o t ceaBBionWreitht heachundiBer ofit a
repeating is wthin the above range, workability in
tegperaiure of hhe ropmetepeperasarcodiehighsirn  precursor in a
[ ellent. The third repeating unit, the

4. ¢ Benzoxazola resin-presursorcomprising theffourtlore
uni t,and the.sixth,r ating unit may formthe
bendbtasuPatitedt 4t 6ﬁ€§1?|’1§8¥a7é%9 AeEFpBTasMEpOTopf Bae present

. sinple m re. In the, case of a copolyner, the
inBE bt Bmpses Ghf ot , Eoneaoi (gt Latosanted by

L e RS o R

thé’tpﬂi’e} Y)EEE@X%I@Eéﬁﬁg@e'cﬁgso%g{b‘?{l%ﬂg@&g}?e @ﬂﬂflzre?)lggﬁﬁg unit

copolynmer. 6-1 Preparation z0xazo

haBrt@eUfos@th GeEBAiRE Nenit NRpSbddted &3, HERSEIH MOIUHdwASibove

for the process for obtaining the benzoxazole resin
althoeghrider betfpELR Rgih HResivdoh cbﬁﬁﬁ@éihggtﬂéntﬂirdtﬂéﬁ?%ting
e

benzoxazol e resin precursor can be synthesized by
unrisaaidtdimotedetolihsa hiandph eéinofouropepsting uglt. | S

The number of repeating (k) of the fourth repeating unit is not
particularly limited. It is preferable that the number of repeating is an
iteger of 2 to 1,000, more preferably an integer of 5 to 600 and most
preferably an integer of 10 to 80. When the number of repeating is
within the above range, workability in dissolution of the benzoxazole resin
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 compriging the fourth

repeating unit
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5 represented by formula [21] shown above, in which X3

represents a group selected fromthe groups

represented by fornulae [14] and [15] shown above,

and a di carboxylic acid conmpound represented by

formula [19] shown above, in which Yl represents a

group selected fromthe groups represented by

formul ae [4], the groups expressed by fornul ae [6-1]

andAz0fir6tin protessgfaupktainpre shatlethzoxatae ntdsae drécdisor

and [7-2] and the groups expressed by fornul ae [ 8]
corgpgsfrg thedputharepeating woitbthrabéwroxatzoleheesin precursor can

bi sam nophenol conpound having no functional group and
be iyathesiged dux yhe ceasiion mfva fysamitopiemod mammpnoud which is

. boscl | ; ;

ol B B o PSR R 2

selfcio iy imettae L oo By Hermeonem L rac A bauic: above,
t t nd t di b i [ havi

anid, SEiaBE R i ePab AR ok prdre hird dwnbiyiite 126} ghown, in

the golewieE iRavhiRe qlzf HbLaRR! %%&BH t%l%?c%dtﬂ' IH;% groups

di anondoi d structurfe can be roug reac
' t i d ' [ hlorid
el bR b BEmdiRe SERL TRY ] Aid, (LS B Fente. o
. . . ‘ in.
cofiBihdteort SEFdthd Hllsﬁ‘ﬁﬁnéﬁhér{bq %giﬁgoﬁﬂch g@éﬁﬁgspée? Cclf%%noncﬂ)ld

the active ester process, a otri _ :
strpceper £6d e diBeriicatic Q0d Havihe tHk CRLRRMbIE s%cglllre can

chl ori de descri bed above and 1-hydroxybenzotri azole,
be dnobughe oo ateaetioastvéth aadht fihebi SAMCARAAGRE! wBD the acid
descri bed above are brought into reaction with each
chigriderpracess dessmbedathave. of the room tenperature or
hi gher. 64 The end of the nolecule may be seal ed by
the reaction with @ nonof ungt i onal carboxylic acid
derivative, an aci & anhydrid¥¢, a nonofunctiona
o- anm nophenol or ah!am ne detlivative in accordance

i th HOC—Y,—COH 201

The active ester process may be used in place of the acid chloride
process. In the active ester prdcess, 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.

5. Bengoxazole 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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the relative ambunts by nole of the bisam nophenol and
the dicarboxylic 5 acid which are brought into the
reaction. 7. Benzoxazole resin precursor composition
In the present invention, when two or nore types of
the benzoxazole resin precursors selected fromthe
benzoxazol e resin precursor having the third
repeating unit represented by fornmula [1], the 10

beRERZOHRZ b &in' ﬁﬁcﬁr%ﬁ@&ﬁé%@irﬁ%‘ﬁ%@ g;hﬁr]tagr%;%g)]rﬂr{g Hélit and the

repeating unit represent ormu
foln@Rz@paa ting 6% HhPHRc AfgOfe gt MPuhierdprbidhik8 Fdr%la
unit represented by fornula [13] and the benzoxazZol e
[13legiowpubous althoughwhedhehz60ail0 @béianp@tundor @K ri%NG the
of the third repeating unit represented by fornula
third] repeh&infzounithané phat fongthumépeatips esgnieeoblinfied to that
formula [10] and the fifth repeating unit represented
haping therfifth fep8htmigt bnitt he si xth repeating unit
represented by fornmula [17] are m xed and used as the
benZ&eapgmbereof repeatnesin) wdnusififtrepeating unit is not

rreferabl.e that the cqnposition conprises at |east
Pag‘ﬂ%‘ﬂé‘f"ﬁ’t h@llﬁféﬁzoﬁkdfdngqr@bﬂ% thaethe soymberaof mepaatmg is an

B ST, U0 AT SF gt el o o
RS NN DI SR
. i f i d b la [1 .
w15 R ORI SRS ETh o OB i

pratu@SHY SO SoRRIRGE 8dcdllp t he benzoxazol e resin
precursor having the third repeating unit, the 25

benTaxagik@ fepshfinkr €RH! SRE ﬁayﬁmef)é@ciﬁg%{ﬁib and the fifth
repeating unit, the benzoxazole resin precursor

repeatimgunitenfdyl fdrni ehedlenagxarvlé rasih pRRurbér as a copolymer
benzoxazol e resin precursor having a conbi nati on of ‘at

or heassimpk ofixtime. thi th cepeaf an@pobither,tfie Epolifer may
repeating unit and the fifth repeating unit

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 Xj
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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with the sixth repeating unit represented by fornul a
[171 fromthe standpoint of obtaining the resin

exhi biting excellent heat resistance and 5 a snal
permttivity and obtaining the resin filmfromthe
resin as the objects of the present invention. The
fourth repeating unit is preferable fromthe

st andpoi nt of providing a great nodulus, and the sixth

seleBREATORY theirbups rBp RIRHAkH &yf fa?ﬂﬂutm@ [Eﬂaf{@@-‘i{] %éiohz-z].

provi di ng adhesive property. "“The fourt

Fourxianasld, bhéombiidiidie peahe NsamihothDou§RANE hAbthe no
10 the range such that the propertl es as the obj ect

didrhengwiéls attudtavedndior tdiee Meimathpdesol Wo@ﬁﬁtﬁﬁic}?%a‘gng a
Pol ybenzoxazol e resin The pol ybenzoxazol e resin w

fudicted @robpather thven thé doamogdoifhsrpctuyb %Iiiﬁlot)}ﬁazdlh&'boxyhc
resin of the present invention can be obtained 15 by

acichbavingytie¢ déamgndeik sirowtwiet banldeybiratghinnod rehetion with
henzoxazol e resin precursor descri bed above. The
%lb@@éerr saacroanse wibh Seanpidechlotide proesndesdrired above.
rea tion or .the crosslinking reaction. Exanples of the

her 8bRYs BIbiatiannFay bheelitiobery dlesmotlesy ddian the object

|nclude pro s i n ich the benzoxazole resin

PrOReatyr € ué’ﬁ?sqr el PESTMHEAEY opARinkRerokfained.  For
f A25C X t 0 24 h ,

bR L A Jfﬁﬂﬂ @ﬁgl%'e% sthelles %%Pﬁiﬁlw%ﬁf@ea PigfEiaBle that

a r@éﬁd'fﬁ'ﬁdhm Ilegl % %or elda dr ga £prtﬁ§aefrﬁlrpose the

benzoxazol e re n pr ursor

coBbBEAHOD 0P R Dis W0 1{1&{0@‘1@@1‘5@73? o%ali eg%aﬂg t::)%h F¢Han

as the interlayer ins I on

the diAhbadoidysti-igureagid e H‘ﬂchfb(ﬁ;y'li%%'i Yﬁvﬁt amondmd
which has a substituent reactive wt ar boxyl group

stratime graope prefbyglilexyl 66 group of the benzoxazol e
resin precursor and can be deconposed by

HoN /N H,

L Xa>~
R10 3 0R2 [21]

In formula [21], R and R, 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, iscbutyl

“group and secbutyl group, alkyl groups having 1 to 20 carbon atoms

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

The active ester process may be used in place of the acid chloride
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heati ng can be used. An organic conpound which is
deconposed or scattered at a high tenperature may

al so be used after the reaction or blending with the
precursor. Due to the above procedure, a nano foam5
can be easily fornmed fromthe pol ybenzoxazol e resin
when the interlayer insulation filmis forned.

Exanpl es of the substituent reactive w th carboxyl
pregasgp Indhedectivenisior grroogss, lay Hemaotkiagybepteand prepared by
I socyanate group. Exanples of the substituent reactive
they v igrtbap disraborelic 1acidachineyde gileaspibed above and

1B, i Ao el Roubnaaepbono

R TR g e i o e A
l.yci dyl . Exanpl f th

toF TR oL R BB Bl oo Bifler oCser bed above

6. L RILUAAC ROLKIRNAL I SAGR, - BRMIR! il ISLIREIY AL

| X ’- ; ..
pol ye Ishgfef@ﬁkﬂé $haPehy 6RRLM BOIPPEsin 3#%%%{/5?# %éﬁlg)ﬁ[‘é%ﬁg Uhe

pol ycarbonat es. Anong these resin, p

thiefidepp@lingar : ' e i
epP@lingandio e usilerdf Rt BIARhR ady fhd glgﬂ%engﬁ%] unit

can be forned by using the above resin. er
haavidreagexthotepeatiary Waitghép@kehhtdl boafrii8a0l 179 U¥MIwA Sibove
not particularly limted. It is preferable that the
althonigbrthayeemgaazole! wmih greveisghtconipritiegr @RCEHIYE repeating
oligoner is 100 to 40,000 and nore preferably 200 to
UHEOFgedbuv%Eﬁﬂﬁﬁ@Hnynnéran&@hadﬁihubpemhag1mﬁtgm&wt3hnﬁed
wi thi n the_above range, aggregation of the nano-foam
to thatshasgngdbe Fixthwppeabing weituni f or m nano- f oam can be

forped. Th l ags transitj ntterrper_ature of the
pol n?Y | b repesfing 4\'&0 ghe sixth repeating unit is not

particularly limited. It is preferable that the number of repeating is an
integer of 2 to 1,000, more preferably an integer of 5 to 600 and most
preferably an integer of 10 to 80. When the number of repeating is
within the above range, workability in dissolution of the benzoxazole resin
precursor in a solvent is excellent.

The third repeating unit, the fourth repeating unit and/or the fifth
repeating unit and the sixth 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/or the fifth repeating unit and the 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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particularly limted. It is preferable that the gl ass

transition of the polybenzoxazole resin is 420C or

hi gher and nore preferably 450 to 500C. Wen the

glass transition tenperature is within the above

range, the coefficient of |inear expansion of the

resin filmobtained fromthe 5 polybenzoxazole resin

can be decreased. 9. Varnish Wien a resin filmis
repSARAE §6hif rom t he benzoxazol e resin precursor, the

pol ybenzoxazol e resin or the benzoxazole resin

Pregiy & thOMeskdd kb obtémiﬁg Qh@f%r%xﬁz@)llaafeéﬁe%re ursor

precursor, the resin or the conposition iIs dissol d
cobpri¥ingithpesiSeidl répé18d vaNig AHeCh&HPAKBRble WY e p‘i'@@ursor can

di ssol ve or disperse the precursor, the resin or the
becgmphssizednby dahd teetioht @i adsdssnlinéplomalr cdoigound Whlch is

di sperezi'sgn i's u? ggfor preparation of the resin film
repsesppess by doxmula b Yashoawn abgentin whickdXs represents a group

N- et hyl - 2- pyrrolldone y-but yrol act one,
selqctedd iffeae Hinea ge @@pre@en’e&dq% fournfune dd 4] diret hy5lenbown
gl ycol _di ngt hyl| ? et her, diethylene glycol diethyl
ab%‘t"ﬁeﬁndd"f‘e workewll peid cepm@evwi é@nr@sentqdr bpyfamula [19]
s HCoboVENATRRIN B DluosthRl 0P EN® S OLYGR! IRDGRE" Bllups

propyl ene ROAOME
S TR B P S s A S
6P TBHY e ) PSP o

exﬁieésgé(dl HyS et Hlaek BS1ORRA [92:3/01791"%515?%2 a cor.Pbination ’ of the

cycl ohexanone, tetrahydrofuran

bigiginbyhenel Ehsh B'uﬁdsohé(@ﬂltgs ﬁbh%ntcﬁ%ﬁai h%rgﬁ a%ﬁd the
sol vents descri above can be used as | ong

diqarbexylioncidt h&vﬂh@sn@ fanctitealcgrn@shhilep the dl@hﬁ%ﬁiy‘fﬁdamd
or di spersed. The organic solvent may be used singly
corppoind 12§ ingribfumational giotmotleer therethd Heamehdsidvructure

anounts of the benzoxazole resin precursor, the
or a combination of the bisaminophenol compound havmg 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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68 pol ybenzoxazol e resin or the benzoxazole resin
precursor conposition and the organic solvent is not
particularly limted as |ong as the pol ybenzoxazol e
resin precursor, the pol ybenzoxazole resin or the
benzoxazol e resin precursor conposition can be

conpl etely dissol ved or dispersed and can be 5
suitably selected in accordance with the application.

I n geresall, of BRe mOMcAN Wiy the s88lodeny tik tr@ﬁcﬁi@rlﬁq Nkl a

is about 70 to 95% by weight. In the varnish of the
mdiofaeftiondlv eadrborylivheiced neleessdive, @di hbMeSanhydride, a

exanpl es of which include surfactants, coupling agents
mauwfinetsosill @aeninophpholng agenhime dgpiadbé yn aabekdance with

catal ysts such as radical initiators and 10 disulfides
thegyeelatmtel mgouxys by mak chithobisubiwpherndl end thy dieathoxylic

can_be wused in conmbination with the above conponents.
acidyshicdy arechrgughbantst theeedséivroxazol e resin precursor

and the diam nophenol conpo has hydrogen atom as
7. EYe N ZP 3K A he HES Y IO !I‘.-_l|ll. 2 in the repeati ng
resent farnmul a 5171

o] ERTLRLeA S S i st o
ve SRR 0D, aFOIRRURY. URALIBLAD CA BRSEURE e
prdsBEPKAUBLD %) ARG Ly oo RENIURNTNTL e

be%ﬁﬁ:%\tzofénﬁes‘?ﬁ drRcu P Olife "tE8HA Y, %g{/rllsgggng%&@&ented

I am nophenol” 20 conpound™has a grou

by F6ah QG{ PR iKbbk R4ENpASurBBE RAeIE ¥ fi8h F¥Beifing
the group represented by RlL and R2, the varnish can

unbe resegented by fheteRe bl bvd tlesiveneorPade tiedh Yrebb@or
negative type by using in conbination with a

haping o nedmbiretionNheh sdt léaasionenef ofthd hihipd ottgsating unit
represented by Rl and R2 has an 25 al kyl group having

representzd dar fumualaohdl, otheafowtthy repgadime hanit nppresent2d by

oy e G

formula [10] and the fifth 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 unit, the
benzoxazole resin precursor having the fourth repeating unit, the

benzoxazole resin precursor having the fifth repeating unit and the
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carbon atons bonded via -C(=0) -0, the solubility in
the preparation of 69 the varnish can be inproved.
10. Resin filmThe resin filmw Il be described in the
following. The resin filmof the present invention is
constituted wwth the 5 benzoxazole resin precursor,
t he pol ybenzoxazol e resin, the benzoxazole resin
precursor conposition or a resin conposition
bef AR Zo%d REsiNERRurSATRAPRY 8. cdHBidRid8f @PA¥Est one of the
conmponents, the excell ent adhesi on and dlnen3|ona?
thigtlalpbhtingaatit btheefolirth Fehatathite®thd Beth repeating unit
application of the resin filminclude interlayer 1
withhstHeatsioth frepestiagdusitr rapeesphtdd diy Mrhulars{19] from the
sem conductors, interlayer insulation filns of
standpoihbgépbtdinmg the resivnerxtibiisg okedlleati Idat resistance and
copper-coated plates, solder resist filns, oriented
a $mpHspermitiiyiiydasdyshiaimingptlot eesinvBln i from thomwesin as the
etchinghéetching,sto_persh‘and adhesi ves. The resin
objertspk bie paeserdhinventiebusihpeufouath sepeating unjeis preferable
i nsul ation f.ilng, surface protectjye 15 filns. and )
frogp gﬁ% @F%‘EPQIPF E‘EPF%YIdé‘%%:Hi%a‘F &Odé’é%c%wb t¢ shdhawppating

o PR AR, Rl R SARER e sopec
T G AR O PR U B R v
4 Pk, 436 A Sohy s RENSE B8 B YR

ar@fei hilvesely Bfeét@di N fil mcan be used as the surface
protective filmhaving photosensitivity by adding a

8. n@phthwegukagdle résiazi de conpound as the photosensitive
agent. Wien the resin filmis used as the interlayer
i nsheatpadybdéndoxatole esin will be described in the following.

The polybenzoxazole resin of the present invention can be obtained
by the ring-closing reaction with dehydration of the benzoxazole resin
precursor described above. The above reaction is, 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 or 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 reaction with a reactive oligomer which

has a substituent reactive with carboxyl group, amino group or hydroxyl

66



10

15

20

25

25 sem conductor, the type of the interlayer
insulation filmis not particularly limted. For
exanple, it is preferable that the filmhas fine 70
pores (a nano-foam when a smaller permttivity is
desired. The average di aneter of pores in the

nano-foamis not particularly limted. It is
preferable that the average dianeter is 10 nm or

SER! dlhhe HOLLxBEETS y ' I @8N0
prefer %? nﬁ@og&gﬁggh P§e ékgvg?agg ﬁosed by

hegt@@ebﬁﬁ b@ L‘M.etdh' nAh herBHQY eco‘hﬁﬂﬁﬁ'ld fpha ldeEé’mlrszed or

he ™ process is excellent, and an excellent pro
Scéﬂf’cem Bt td hygh M:ehﬁ)e&*ﬁﬁuepﬁidyeﬁlkof'@é fiﬁhdoﬂtéﬁ the reaction or
exhi bited. Wen the resin filmis used as the
blémtiag! withr thnpuba@tnson fDum toothe above PRELARES af Q416 HShm
the nano-foam it is preferable that the a product 10
canlitea¢maty formdérk froeadhiegpolpbetivxapoleyiraig oo ke igtdriayer
precursor with the reactive oligoner described above
insptinntds & frbed.t uent reactive with carboxyl group,
am no group or hydroxyl group in the benzoxazole resin
pr e Exageplep of jidhey sukstitens orepstine oxithotarbosy] group include
recursor. constituting the above resin conposition.
28rPHR: AP EJSB‘&I‘&R:?HF@SW@@& 9 BEOUANO- f oam 15 can

nan%t" Flet oot ' Saiiaal 65 3 L “%%&%B”s{céiﬁm ude
caffionf] gPb 5 b RIBR BB LG ] e SPORRRG sudireidegrove,
mACHRIR A aPRI gfma@g%%pg Qﬁmgmg&g o-foam

dto t € resi oSi t1 jed above.

may
20 @k@ﬁﬁﬂ@§ o tHehSub AAMeRY RIEM e IWith Li?ﬁll?ﬁ{rﬁgpmg) 1nc1ude

nano-tubes, Fullerenes, silsesquioxane o
acidyehy dyéé gﬁ@xﬂ rdamboxﬁrﬁﬂﬁp(hncpgl%ﬂiy@‘éﬁoﬁﬁw ng a h' gh
mel ting point, organic conpounds having smal
vol Exiahiflgs of thé basamrtsin a@zibli3:actifp olipgdsneralgganibed above
~ oxides, dendriners and
include polyoxyalkylenes, polymethyl methacrylate, poly-a-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 1s not
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hyper branched pol yners. Anong these agents,
surfactants, 25 hyperbranched pol yners, organic
conmpounds having a high nelting point and organic
conpounds having small volatility are preferable. Wen
the 71 above foam ng agent is used, the foam ng agent
can be dispersed wuniformy into the benzoxazol e
resin. A fine nano-foam can be obtained by a further
pabfie@liBNlidieh. a3t hgapide-and et @%ié' Smggq%i@l%n of the
foam ng agent can be dispersed uniformy. e
oRdeagbkyzddé ftdeen it epday ey highdrabhhannidrbmi
P %giticularly limted. It isﬂﬁgéferable tﬂ%#ﬁ%ﬁgﬂy 450 to
500 osWhern shé glams t0dnat@nnRhepdraehry abkithin the apgve range,
When the porosity is smaller than the above small est
the aloaHfjcientheof dineart hepmosiehbof ithy rebat filhe odbtdifnedi B0 the
decrease in the permttivity is not exhibited. Wen
robhengexansile yesircasdee démeabolie greatest val ue, there

18 Is the possibility that the nechanical properties
9. il mdecrease, and the nodulus and the

adhgsi ve property .decrease. The thjckness of the
i nt g@?‘%ﬂ/ @rreﬁﬁlsf}ﬁ%tlﬁ daepired fremyghe berzoxagplgriepin precursor,
thlink%ﬁd' t ks refera%{ t hat tEF t hi ckness is 0.01
¢ BOLEeRrORHOMe r%?lwr §G%Z.Q¥§Z? TG 1R T BFH S semposition,
Ol I 0.1.t0 0.7 m en the t hickness is..
it R AP et M i BnbRe pes tigieis dissolved
: i:S:- €xXC . 0] i e interlayer
o fa?] u g?? OI%FO ?gl r S%é%ﬂ%l T !f@%ntyglﬁl#}g ﬁglgsalgs?lg Ba?reglﬁrse the
pr&bu$Se, WhB Greshe of SRk e dRPReabh] A0d CYHIPE SIS tsg'ﬁfcion r the
benzoxazol e resin precursor into an organic So ven?
disputdionsisNus@] Tyt -preBiE4bh diMehe 20siANAIA. COALdAPIdS bfMthe
Is formed by applying the prepared varnish to a
orgami¢ abkelvenppoiicladeh a8 neethiyl-2agirvkbdédie,0r yh ei§taEkfone,
substrate. Exanples of the coating process include
N, Nhbmeshatdcobamode,i donethyd esslfesidag diethylene glycol dimethyl

ether, diethylene glyco\l diethyl ether, diethylene glycol dibutyl ether,

propylene glycol monomethyl ether, dipropylene glycol monomethyl! ether,
propylene glycol monomethyl ether acetate, methyl lactate, ethyl lactate,
butyl lactate, methyl 1,3-butylene glycol acetate, 1,3-butylene glycol
3-monomethyl ether, methyl pyruvate, ethyl pyruvate, methyl
3-methoxypropionate, methyl ethyl ketone, methyl isobutyl ketone,
cyclopentanone, cyclohexanone, 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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a spinner, the spray coating process using a spray
coater, the dipping process, the printing process and
the roll coating process. Then, the 25 formed coating
filmis dried and treated by heating. After the
solvent is renoved, the condensation reaction and the
crosslinking reaction are 72 conducted to formthe
pol ybenzoxazol e resin, and the interlayer insulation
filmconstituted with the resin conposition conprising
polstheazopatale angisker the bepsixazolnrésin froemedsor Wherpdshdon and
resin converted fromthe bhenzoxazole resin precursor
the prgagy¢ gplvent 1 Bet RigsplarlsBmitadi as wngasnikerpdybenzoxazole
.containin tﬂg beTﬁ%§azole resin is prepared in .
resigyPAREESOEndhen@olyhorgekagle rerdnl 8t Bhe fhenrogarolbe resin

pre QAR HarpB TP CHPHEELy dhaNeaduly Gropebindernd g be

IR A R JURE RN
i o ti d. 10
condggh X AR5 e Qoo RSB LI B850 8 0,

€ nano-roamis torne

i @Hltﬁtﬂ:i@d}ﬁ%ﬁ;ﬁ h?yr’]?§§§%1{tl iﬁ%ﬁﬂﬁﬁﬁs vﬁ%.rt‘? ?nl%g%%)sgf#ﬁ,g%gaitives

treating t I nsulati oh

exaRRIVE o YwhRat Eﬁkﬂudwwkfﬁ&ﬁn%ﬁs&dhﬂﬁﬂ@aisgi%rr#%‘ g}lfg as s%]ﬁ(rele

protective filmfor a sem conductor,

couglasg ferithe typicely aved taalyaki Qieh bk MadceyaifitiaBolsS and
15 prepared by dissol ving the benzoxazole resin

disyifidesirgeaeraleng rixygdn alxolieali ot eubnr aadinil (hys BeX Rl GHE Be
as propyl ene carbonate, diacetone al cohol and

usedﬁmﬁ@h&ﬁp@ﬁonWﬁﬁbmheabndetﬂappnepaxed varnish is
applied to_a suitable support such as a silicon wafer
andVher extadeasts opst phatthe gleofresine premesongnd the

. _process include the rotation coating process using a
dla@mqn‘i@xeoﬁ CRBPEHNERRS hy BErgergaise assdeuaiony rapxseated by

R GRS Y8 5P BRANE B0 ek BB BEEE TG 104
[17] and [20] in the benzoxazole resin precursor and the diaminophenol
compound, the varnish can be used as the photosensitive resin
composition of the positive type by using 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 Ry and Ry, 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 Ry 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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filmis dried and treated by heating. After the

solvent is renoved, the condensation reaction and the

crosslinking reaction are conducted to form the

pol ybenzoxazol e resin, and the protective film

constituted with the 25 resin conposition conprising

t he pol ybenzoxazole resin can be forned. The

t hi ckness of the protective filmis not particularly
the ivairnisdh, carnt be Bpirgvest.ef erabl e that the thickness is

0.05 to 70 gmand nore preferably 0.1 to 50 m Wen
1 ss is within the above range, the property

of rotecting the sem caonductor and workability are

bot H hexkesin ék wili be Jepprabediire the fellawing. 5 A

preferabl e enhbodi nent of the sem conductor device w ||

be EPFBedIh Of Hedler BFFSSRIENERVeRTi a5 KoufRbited with the
e A R BB B BBl S ent Bhlool
ro D LS R Bliali Bo; S Stmeh: HrPhetBh fSmiiting these

coflp®iBRts. | SDIlQrtU?%ee ?Fﬁ%é icgﬂlg)oﬂghjﬁ. d§,ef | J&l%ngllajsﬁl%fsslec{j% and

on the upper si upper srde 1n Figure 0

dipeRboAad Yedlite BRS beahdibi@ed. | nterlayer insul ation
film3 disposed on the silicon nitride film2 and a

CopExaniplek NGl thY efplice@Rinedf WhihrasiRafilh e cha¥e inorlayer
In the interlayer insulation film3, depressions are

indudatied films dbdasefidanetemitdfilhe ofabhteshdiofQiRdhyer
the wiring, and the copper wiring 4 is disposed in
ingiatidgedilass pHmiltilayarirduits chegrecosta sfiflekilds chpher-Soated
a nano-foam (fine pores) (not shown in the Figure) is
platepneddeneesisichimpaconiented) flyes of hguidactysbalsj pmtactane films
the .copper wirin 20 | ayer 4, a layer treated by
fornggqlflpgafqtshmg is Om@ﬁbs‘aé}ﬁ_ 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 as 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 protective 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

70



10

15

20

25

On the upper side (the side opposite to the side

having the silicon nitride film2) of the interlayer

insulation film a hard mask layer 7 is forned. In

the present enbodi nent, the sem conductor device 100

using the 25 interlayer insulation film3 is shown.

However, the present inventionis not limted to the

above enbodi ment. 74 Since the sem conductor device of

t he presqgt igv ntion eﬁfibits. ex%eLIﬁnL qanensiona
POS%Scﬁ?r%%’ii" RS T ST LA AR HRF R 0k dEE e he use of

t herdynt . FOn descrd bed _ahove, . t he .

rel iTla |ﬁ%@%§fdlég%ﬁé€w gﬂreldssm e élﬁpgg[‘f;?%lssﬁl?]tc%alftﬁ%ﬂaﬂy
- b ri M [ f{ cel | . a L on W
limieE" | P e (B (bt MRS HESCECh RO R A, tpjllr,

md&tb M@%l};@ i drNEmaBi LD M O redE1EE %%ﬁh e sfmFller.
en L fm

further anced. Since the iInterlayer 1nsulation

Whas thbevexsg! Hihefrdpatithirothe RB6VE Fhhyd, taladRability in the
descri bed above, the | oss of signals in the

pre@Rk cisndscdlunt, ldhdlewmi cxceHonb 1dpertgase herdliBifity N the

interlayer insulation filmhas the excellent property
patifern fermutibnvi texhasitetbscri bed above, the delay in the

wiring can be decreased. EXAMPLES 15 The present

i nvéYhe¢mrthei rasipdilgegerudeddasthe Byedinferahsylanionhfilm for

reference to exanples in the follow ng. However, the
semaeoaskuctons domping the nansr foang it deg prefernblecttmiphess pEeduct

the identification of an obtained conpound, the
Ob'FBdFlFévdﬁyn@h%%‘&b‘é‘l tae wigbe%oxm@ﬁer&@wﬁ@mser with the

resonajice anal ysi. 1 NWVR ;1 1H) -NMR)... Th 20 . )
red T PP WebCtBrd Aol Woidhghan mmpREs Gt geagtige with
cahyo[?&l %@%ﬁﬁﬁqgo group or hydroxyl group in the benzoxazole resin
precursor is used as the polybenzoxazole resin precursor constituting the
above resin composition. When the above product is used, the nano-foam
can be formed easily in the interlayer insulation film. A nano-foam can
be formed also by reaction or blending of 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 above.
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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manuf actured by NI PPON DENSH Co., Ltd. The

measurenent of 1H NMR and 13C(1H)- NVR were conduct ed
at a resonance frequency of 400 MHz and 100 MHz,
respectively. As the solvent of the neasurenent, a
deuterated sol vent which was deuterated dinethyl

sul foxi de DMSO-d6 25 or CDCl 3 was used. 2. Infrared
analysis (I R): The neasurenment was conducted in 75

accordance with the KBr, tgblet nethod using an _
ab3i oA O R LeRE 1 hscds 6l TARGTAG: AESRt Hiptodraq dispersed

wungigtoly UL LB bR CaTadce, o EHEcHend Farh Giset poroned

' : ) 5 JM5-700 .
by R SR BB BRI el Mgt dming
ag pgg}?gbﬁiégge@e@ﬁ%ﬂgg_henol conpound having the

I anmondo structure I n accordance with the

fol irpwi perdsifye st ThePhtedlaFeR iRl St B) 91"11:111? ZIL% ngg nl%tehrticularly

hydr oxyphenyl’) adamant ane was obt ai ned. esl s

lingted., 3kthk Wf&ﬁﬁl@@%%@)ﬁ&aﬁﬁfw.ﬁ%ﬂ@d‘% ReAfhbad preferably
i nt ermedi ate conpound) A 500 five-necked fl aSE

7 teqbdWPpedVhenhtha phresitprist @nallar shhnridle, abdfe amatlbkti¥alue,
condenser, an inlet for nitrogen gas and a discharge

theieps throposabBdytihed theapuffiontei deargase 30¥hbypaseiiglivity is
aqueous sol ution of sodium hydroxi de was cooled in an

not gshibatedl. |Whentthe rdrasity egcertlsgthetalop? gmetes)vaific, there

.1, 3-di bronoadamant ane, 200 m of phenol and 2.6 g

is the pessibiley thet theunpehanical pranerties wdthe filae dgcrense, and
hreSLéJu:lant mtﬁt@ur was stirred 20 at OC for 6 hours
the,mpdulygan Yoot REEtYa NP B RREE-t 0 proceed under

The thickness of the 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 pym. 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 cbating 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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heating at 60C for 4 hours. The reaction product was
poured into 2,000 liters of acidic ice water. After
the ice nelted, an organic |ayer was taken out,
washed with pure water and a saturated aqueous
solution of sodium chloride and poured into nethano
to separate the product. The obtai ned 25 product was

dried under a reduced pressure, and 3.5 g of a product
en the exan1 ed, .the

COﬁﬁ%%freﬁt Yoot ﬂ?’ﬁ/@? V\ngwgg TGRS #0ne SatesTay ngilation

20D Bl R YL BB e e

po Wﬁkgﬁﬁole'&sﬁ@éan 88 %\fhggat gflgb%?ﬂegg%%‘iﬁ W%?e%t?ﬁ from the

Irst 1 ntermedi ate conpoun

beﬁz@xa@io‘ié 3reBid 'b@ech‘rsBY d§ 06y uﬂgl)%nﬁl )a%d@f%g@:ﬁ%l\%ﬂe a varnish

second i nternedi ate conmpo Into

cohtilhintecked bdmalaseldi RESE Wit Brépd Rl TANBEH,
stirrer and a reflux condenserBr%QO m (0.64 ﬁg€esn%ﬁthe

interBOfrapedationsfilmt tom 6 obichined a€i fbcwpdamleatath ARflar
35 g (0.11 noles) of 10
pragedhtyes.( 4k ycandapive nylthattdsgnvesss, she aitepdbftaonverting the
repeating the above procedures was added in snal
epmxazeﬂ\% refioarregiginronso she resimgis Adlenedesamer ad the hahting
the inside of the flask was kept at 20 to 30C during
tragtmeny o] p&ﬁa’cmﬁt@m,tw Ertfotime! heating aph deatbcrenbed.

t he i on of he nper ture ceased, the reaction
Vﬁ‘ P&nBr %’é]ebs 6’?“1?@ fg’ﬁ&‘i‘ell am, IRgRILayeth emsulation

h reac i.on produc S p ed into gbout 500 m of
file F R Y BoBf A i’r‘%@ At et BBotittariagenynsulation
ﬁl (hh£ﬁ5 QbOQ¥#%E%g h pure water and dried. The

ro

tarned cru ‘was recrystallized from hot

Str ngﬂ%lh dt_é:}r%eré’grigaﬁgﬁdlso EREYS ot i HMS WAl 1 280 9L 48 or,
similarly to the case of the interlayer insulation film, a varnish is
prepared by dissolving the benzoxazole resin precursor described above
into an organic solvent such as propylene carbonate, diacetone alcohol and
N-methylpyrrolidone, and the prepared varnish 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

73



10

15

20

25

20 pressure, and 30 g of a product was obtai ned. Wen
t he product was exam ned, the absorption of nitro
group was found at about 1,500 cm1l and 1,370 cm1 in
the IR analysis and the nolecular weight was found to
be 410 in the mass anal ysis. Therefore, it was shown
that the product was the second internedi ate conpound.
25 1-3) Synthesis of 1, 3-bi s(3-am no

is et b e PR e & (19cton7C Lan o mone GRRToTabLy 0.1
d t f. 20 ni
to SRNRER: TR )i tes! B wilhi S Ab5 kB nenimerty of
pr}égeg:gln ﬁlge?%er rreg Pg%g oanr'lpdoglﬁgké%thgy &g %gtlb% ?(jiae{‘tadded
11UNdRImSbhALERY Qi hat the added conpound fl oated on
e Ul 0 e resultant m xture, a solution
obt & nﬁféf@bﬁlﬂb S§ﬂlb\6ﬂﬁﬁeﬁ§ & Qflet b%id&g&l‘ﬁgkd}r if€ice will be

di hydrate into 20 of ethanol was a

dets,@fib@cla;wh@fﬂflovaﬁfé or |ower over 1 hour. After 12
hours, formed crystals were separated by filtration

and mgurqitséidvxrszedhigmrm acheedically Wixhdbitiy £kbei@hal view
and hydrochloric acid. The obtained hydr ocghl oride
of gal amhedinhyuir ofl theewt micohd dGondeeice afehe yabaldti inednfibam
ethanol and dried under a reduced pressure, and 6.7 g
her spppondastarrdestiere d00 Whmprides apsemmdmmr Substrate

ex%ng tgﬂ absor tlon of proton of O4 group
tage I’EI%H’QISS darﬁjsk mnaW§@dptﬁ]m ?oﬂlstsmbnn the

f the NWR
uehs s (e %“r’ah%dﬁﬁﬁ age 1) of i a«amléb‘a%irx‘mrﬁmsérw an

1n€é%i)a[51 ? hlélgg tfélnal 15§0§(%r ?)%le&}ﬁr ﬁlohcon nitride g?m 2 and a
oA G A A N S i e

onpoun fé "di amon cture).

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 3 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 interlayer 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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2) Dicarboxylic acid (having no substituents) 20 As

t he di carboxylic acid, isophthalic acid chloride

[ manuf actured 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 nol es)

of 1, 3-bis(3-am no- 4-hydroxyphenyl)adanmant ane was

di ssolved into 200 g of 25 dried

N- hyl -2-pyrrolidone. After 17.4 g (0.22 noles) of
pyr i®oHe ‘i%&sg%bcé’@ uchy fewige 1 dnthe presemninwenticaoeabibits

-15 d 20, 3 0.10 lg). 78 of i hal i
e e A2 R et oot o o e of
addi L] I d, ..t I t ,.m, xt .
B B UL e L T N, R

oxBAilist ed at the roomtenperature, and the m xture was
stirred at the roomtenperature for 5 hours. The 5

" aEih0h chl WhebaRoratderh 1 PRN: S, A AIBLL odHRBLSE! Fith the

into 4 liters of ~ distl

wiRliRE 1RV ERI RS JREALEQ! hBS LAt delihflthy 3Pdcdhnection of the
benzoxazol e resin precursor having thé dlannné6|8

seaticaodudter dasice ehhdid e thdinénlmidgr - aver age nol ecul ar
wei ght (W) of the obtained 10 benzoxazole resin

pr edineotheanmtellhgendnsuiation e hanthacixeeHInDYHrof&8P of

Co., Ltd. and was found to be 20,000 expressed as the
peymiitfevigy ascdescathednabong, pheylosy némegnad} iBr dpasaniondokior

a_resin film The benzoxazol e resin precursor obtained
dexgvcanvies deeregseded into 15 N-met hyl - 2-pyrrol i done

and f.iltered through a TEFLON fa regi stered trade

name)nes [theinterlayer yasHptiens Bimcbad ithy ausellent airpperty of

pei&%t@%ﬁ?%ﬁ%ﬁcﬁﬁéﬂiaggv%%%ﬁccfezgf 0 tl\ll\ela%vngi%%l cia% é 8ecareased.

EXAMPLES

The present invention will be described more specifically with
reference to examples in the following. However, the present invention is
not limited to the examples. For the identification of an obtained
compound, the following methods were used.
1. Nuclear magnetic resonance analysis ({1H-NMR, 13C(IH)-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(LH)-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-d,

or CDCl3 was used.

2. Infrared analysis (IR): The measurement was conducted in
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dried in an oven under the atnosphere of nitrogen

under the conditions of 90C/ 1 m nute, 250C/ 1 hour and
330C/ 1 hour, successively, and a resin 20 filmwas ‘
obt ai ned. Exanple 2 1) Synthesis of a bi sam nopheno
conmpound havi ng the di anondoid structure 25 1-1)

Synt hesi s of tetramantane Tetranmantane was synt hesi zed
in accordance with the process of W 79 Burns et al.

éngrnal DL‘&ES l.cal Society, Cheni cal Communi cation
acqayggnce gygh r tabloy nag; ypIgoan apparatus of the type

9-di b 0O0m f - ked
L Je
. m _of bon tet hl ori.d d
o S BTS20 Ty B R R g
(40 057 - i b
il 057100 Sl SEOTHERRNE N D AREE ho v

IMSTRONAAHN R RErdd By NS Sk yps kept at 20
to 30C during rthgygggﬁﬁggﬂbE%F?gEt?ﬁgbﬁgdition was

conpl eted and the el evation of the 10 tenperature
ceased, the reaction was allowed to proceed for
Exhurglbdr 1 hour. Then, the reaction product was poured
into about 500 mM of cold water, and a crude product
D weByrstpaisabéca Byishivihophéran, coapbedd whatinguike dRneSndoid
and dried. The obtained crude product was
stretusest al | i zed from hot ethanol. The obtai ned product
of recrystallization was dried under a 15 reduced
pr el rdsordanrer wvith gthst follgwiogu shregastent al Adus(3Merino-4-
t he_ absorption of brono

oGRS b b, 03007117 1, T
l-ﬁnal 3@33}n%heg‘igd (gfh e1,IEQL%E&L?ﬁr&f&p%%%ymﬁagg&gn%o (the first
intermediate compound)

A 500 ml fivernecked 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 flask, 6.47 g (0.022
moles) of 1,3-dibromoadamantane, 200 ml 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 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 the product. The obtained
product was dried under a reduced pressure, and 3.5 g of a product was

obtained.
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be 450 in the mass analysis. Therefore, it was shown

that the product was 1, 9-di bronotetranmantane. 20 1.3)

Synt hesi s of 1, 9bis(3-am no

- 4- hydr oxyphenyl )tetramant ane I n accordance with the

same procedures as those conducted in the synthesis

of the bi sam nophenol conpound in Exanple 1 except

that 1, 9-di bronotetramntane (0.02 noles) was used in
no- adanmant

P o the Rl (s S A SaE e Al 0D of By dromy] group
will R 5 o B0t i aplein o TALBE HEE e isioxgid dhasmaleoular
wEBERPObMLES Bpr 320 4t TRAM 3ty 85, ophofloracity was
R e s SR T R

1-9) Chigynitfiedicnast obBaliBernl iy AXALIANERM DA IiEnane | (the

follow ng steps. 3-1) Synthesis o ronoi sop

seamdliftbheeflidtstcoirRin®di ate conpound) Into a 1 liter
four-necked fl ask equi pped with a thernmoneter, a 10

sti ntr aaftl antlfoppinsgkddiinek, e@@ip?agdgw{t@r aStHRhfletet, a
5-am noi sophthalic acid, 165 mM of a 48% by wei ght

stingedr ebdowi xefhrd domdenses) 200 ofl (1.64ihbkd) ofed ET0WERIRicous

| aced and stirred. The flask was cool ed at 5C or

solugigar . oA nigiat penl pweparddedy dimdolddi ng 0.14 gmoled7 of
:ﬂghgi_ f sodiumnitrite into 525 m of distilled

1, R4 o yHesiamantans ohsained) by sepenting theerabbve
15 -hour, and an .agueous.sol ution of a diazonium salt

PrOREUER Ao AR B S RorfERendeT (e ORRagiering. The

terﬁﬂ%fﬂ:‘&?g a‘%’i LIh% &18&&?5% tﬂearsk v‘%‘rals:)i k%gtal?: 20 to 30°C during the

addition. After the addition was completed and the elevation of the
temperature cecased, 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 30 g of a product was obtained. -

When the 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 410 in the mass analysis. Therefore, it
was shown that the product was the second intermediate compound.

1-3) Synthesis of 1,3'bis(3'amino-4-hydroxyphenyl)adamantane

Into a 200 ml four-necked flask equipped with a thermometer, a
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condenser, a dropping funnel and a stirrer, 94.25 g
(0.66 noles) of cuprous bromde and 45 m of a 48% by
wei ght hydrobronmic acid were placed and stirred. 20
The flask was cooled at OC or |ower, and the aqueous
solution of a diazoniumsalt obtained above was added
dropwi se to the cool ed solution over 2 hours. After
the addition was conpleted, the resultant m xture was

stirred at the roomt rature for 30 m nutes and
Digaiihrendepset and 21 wuet g BiroRpTE 8A% 20 8 9for concentrated

BB S S R 57588 5 Pl
mEREBELEY stond inkiHiedileS SmiRIRRCohESEs Mgt gas added
o sigbatea e 11 Ao BRS A B ER, 210
reflt b RAxtukRe a%l@ﬂi&?%b%iﬁgﬁibggﬁ%gﬁmw? ggéiﬁt?ﬁ'gfﬁ). $ﬂ8¥ide

followi ng step w thout puri SISO

diley dveidiht® 20r ifsamnt I e i :
ﬂg,t conpound) Into a 5'3%1'6%\;@%92&1&{8%(]33 %ggglﬁvaﬁlflﬁ'{%egf 8Y<C or

lowéi over lahdua Difileet 12 leendefiseied tiPstaldiwdrbesdparited by
i nt ermedi ate conpound (5-bronoi sophthalic acid

filrbtiann ethdabeeeystallived fodmnet hamodd astdufiong o6f ethanol and
concentrated sulfuric acid were placed, and the

hydeeahileviatacid.xt The ohdsinedahedrochbiendd haltlWas diylduxliyrgd with
condition for 6 hours, After the resultant m xture was

watep| wgryHplieed, ivagm wthaaphgndt Auedoander mi xedwcedvaessure,
d opwise . to 1 liter of distilled water, and the
a“@%ﬂiﬁ@& Brodtist avhmab ARRG-al | zed with a 5% by wei ght
aqueeus [ uti f sodium.h arbonate, The

For a0 386 dhisRef su Eramindy RS ABR)rPRR Phereivnani OB
gro@sRegd ftkeavig ® 12 9 btarm Al 1Be %b%hfﬁﬂé&gto@&gEQ% rEP NH,

obt ai ned white solid substance was drie
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(B'amin0'4'hydroxyphenyl)'
adamantane (a bisaminophenol compound having the diamondoid
structure).
2) Dicarboxylic acid (having no substituents)

As the dicarboxylic acid, isophthalic acid chloride [manufactured by
TOKYO KASEI KOGYO Co., 1.td.] 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)
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2 days under a reduced pressure, and 109 g (0.4 nol es)
of dinmethyl 5-bronoi sophthal ate was obtai ned (the
yield: 89% . 3-3) Synthesis of dinethyl

5- phenyl et hynyl i sopht hal ate (the third internediate
conmpound) 20 Into a 1 liter four-necked flask equi pped
with a thernoneter, a D nroth condenser, an inlet for
nitrogen gas and a stirrer, 99.7 g (0.365 noles) of

o SR S BB RIS TS o M e
] - ' 0, 2% 0.00144

RSO RO e S BRSO OB

A e B U SE T 444 987D W5 g, o

theehyerdleedvdy kBt 3 gﬁ% Ialls%ggf &ggfﬂuerg%eo ffcnd %1 }Bd ru?‘ts € d The

pyridi ne were added an nder stirring.

Ao flthie ni S ' o
rehour, it gvH(té(D)Vﬁég%egz ?‘iﬂ%\lﬁ}gég) 9@0?1‘.%?&1 GQBhIcRYEGtd 04 Hters of

digtilied evatel s ( The fbemyt phespitdies Reddeasi e MR e nhaRiE) Yand a
added, and the resultant m xture was heated under t?le
beneftarclegresindiptrecnrson daving bled hdmrhiohddidh Qitfuctib€Nwas

triethylamne and pyridine were renoved by
obthigedl | ati on under a reduced pressure, and a viscous
brown sol ution was obtai ned. The obtai ned vi scous
br ovies orebeR axgtagm umetedulan Feteht Oin) veft ahe ahdained
the fornmed solid substance was separated by filtration
begzerazple HEHY RFe@RPY Wapobitingl Weimer GRGV menwfadiusal by

5 PLTRE I 5 1900 o orcen D 2 o
B LI RU oL cncs e 0T e 2 20 under &
REr R i et et

5- PITRRYb &I Ap%AYhIeSRURN Babah8of LBEAAH dbve 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 obtained
varnish 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) Synthesis 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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15 intermedi ate conpound) Into a 5 liter four-necked
flask equi pped with a thernoneter, a D nroth
condenser and a stirrer, 3 liters of butanol and 180 g
(2.72 nol es) of potassium hydroxide (85% were

pl aced, and potassi um hydroxi de was di ssol ved by
heating under the refluxing condition. To the obtained
20 solution 80 g (0.272 noles) of the third

d t.hyl ) .
hen L\'ﬁt | so etnﬁlg?jaseﬁl %bt%%bcaéﬂ‘aﬁéwagcmdlﬁm
SQ%W? resultant m xture was heated under the
Pum ng condition for 30 mnutes. The resultant

1mxs§tﬁaléfa§ofw -8fhrbo rhﬁfdlﬁahg and the forned

crystals were separated tration. The obtained

cryghed & Be0em2Tourskeked \ﬁe{%% g%aﬂ,ptdl whig! aoth Sﬁngngﬂgtéer a

and dried at 60C under a reduc pressure,

stigreaf adil potrafisixucorlopBeny2@0 MNyf s H *B@drﬁtﬁlom afid 10 ¢
obt ai ned. 3-5) Synthe3|s of

(0.86Bhemibet fnhrimophtwald placid) dhdhlierd de OU3Y andles) of
liter four-necked flask equipped with a thernoneter, a-

tetDrmastiane ohdemedr abowt wastdddedrin @8all Ig)rtia.naéhmﬁreﬁ)rrmg

of di potassium _5 5-phenyl et hynyli sopht hal ate and 400
They teé\tpetraifuéﬁ ahithe dasidard ther Bagh aca@dﬁemnmt 26do 30°C during

t. ant Xt u cooled at QC. To the cool ed
th‘?n‘ fien. 3 i'?ef 5:@431'@?1;5@%@?5 semptad pnd Hiher¢ldeatias of the
¢ added dr opw 5C or. | owner qyer hour. Then, 4 ni
R PERHtREE rRPEGRn e e gHian v ge Glnyed daubinshed vier durther 1
de n ne 'xturevva stirred 45 to
hoftic 8?%%3?%%’3 pAPTaf FRE T e AReR 200k o cold
I f e
wellPEIEM p SOIFRLOIUE' RS sPBAMAARS AlESLRY waﬁh@t“@tﬁwe
{6 a nWaRd g
weltDEAnNRRIN D TheloBriiRbd LOMDYREMG 0l SRGRLIRLER 8 hot
ethzagildudheasbtdiaad esodtict &fOYe@YitadBi498h 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 ¢m~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.
1-3) Synthesis of 1,9-bis(3-amino-4-hydroxyphenyl)tetramantane

In accordance with the same procedures as those conducted in the
synthesis of thebisaminophenol 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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with 200 ml of diethyl ether and filtration. D ethyl
et her was renoved 15 fromthe extract by distillation
under a reduced pressure, and a crude product of a
sem sol i d substance was obtai ned. The crude product
was washed with dried n-hexane and recrystallized
fromdiethyl ether, and 13.8 g of

5- phenyl et hynyl i sopht halic acid dichloride (a

g'bfgﬁl[sgggé/ (It %&8&9 ic @%{%% @&l&ﬂ%ﬂckgégg?}g ?@E) @%V\Q%ufactured

b bP@KW@MSEM@(DGYWB %urmr] wis seaction was conduct ed
|n accordance with the sane procedures as those

3) camdu g lichacd halvifxamheidn&Xe@Rp that, in the
preparation of a benzoxazole resin precursor, 45.5 g
(0. 090 dicdkylit adidOhbii(e3aafimdtiontrl group (5-phenylethynyl-
hydr oxyphenyl ) t et ramant ane obt ai ned by repeating the
is@phthhbivecpt diddurids) was obdethedninphaoed ahce3dith thd ©IRAving
nmol es) of 1, 3-bis(3-amn no-4-hydroxyphenyl)adanmant ane
stepsed in Exanple 1 and 10.1 84 g (0. 05 mol es) of
tereghthallc acid chloride and 15.2 %O 05 nol es) of
sptlesigngf | 8dpnmeasanhthelia aichl (t eddirsbt dteechedyate
repeatﬁng the above procedures were used in place of
CO@@°§HQ (0.10 nole) of isophthalic acid dichloride

wos ks g5t el o dfh%eqiﬁsﬁbﬂﬁgé%ﬁléﬁﬁeeﬁ% ) gtﬁa%ofjn%ter a
P T TR L S5 8
e R
wabr %c¥e HlaésHt 20N RIrrdd NYThOPRNCRNL ol B SAY3TANNYL - A

| solution prepared by dissolving 39.4 g (0.57 moles) of sodium nitrite into

525 ml of distilled water was added dropwise to the cooled solution over 1
hour, and an aqueous solution of a diazonium salt was obtained. Into a
four-necked 3 liter flask equipped with a thermometer, a Dimroth
condenser, a dropping funnel and a stirrer, 94.25 g (0.66 moles) of cuprous
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 aqueous 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. Afier 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

81



10

15

20

25

et hynyl fl uorene 1-1) Synthesis of 1-ethynyl adamant ane
15 1- Et hynyl adanmant ane was synt hesi zed from
1-adamantyl nethyl ketone [manufactured by ALDRI CH
CHEM CAL Conpany, Inc.] in accordance with the
process of Foroozesh et al. [Chem Res. Toxicol., 10,
91 (1997)]. 1-2) Synthesis of
9, 9- bi s(4- hydroxyphenyl)-2, 7-dibronofl uorene 20
fl.uor ene, was

U RS Mg AR TS
P PGSR ORRAS L BEGSERS ST B T g

e SHBSAERS W SRR ez o o0

3-2)ousynsiedsed of Hanktlgq @-We%ﬁﬂt@aléﬁtﬁ?&%é@id i er?l%(()i]jate

stirrer and a reflux condenser, 200 nol es
compdQ¥daqueous sol ution of nitric acid was placed, and
147.4 g (0.29 noles) of 85
9, 9ihis (a- HYeirmty fiekybyuipped- &b ogoktivarens okt abigshth
above was added - in small portions under vigorous
cogdénseirnd 10Thef thedsatinternmdiate compodad Gfbiohevikdsisthalic
gﬁs kept at 20 to 30C during the addition. After the’
acyll gehtiadme dvedboyem$08t ad efhdnethenel eurat i16n gobf theoncentrated

enperature ceased, the 5 reaction was allowed to
Su];f%l&e@éeié fesrefRiagerbrand theuresuftsay misture seasthented under the
raductlﬁﬁg B&%rﬁ? into abut 500 nml _of cold water,
reflpdngoHHFARMOY © gy tidibe gesuliamsr mixarpywas cooled
filtration,,-washed w.t ur.e water d, dried. The _.
by Jebis Tt BRATEEE rlibd dREHtFrS S pBRSh FoRTISE 5 T Litsa of
- A ' u e ained. The ohtaj.ned solid
diiIng) biate? boad SREGHARAChALIEL Wil RlaSh 8% a% by

el ot PE o, Ryl S D £ 3 ormen
prod@gith@dndere separated by filtration and washed twice with 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%).

3-3)  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 second 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 and 300 ml
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at about 1,500 cm1 and 1,370 cm 1 and the absorption
of the bronbo group was found at 690 to 515 cm1 in
the IR analysis; and the nol ecular weight was found
to be 440 in the nass analysis. Therefore, it was 15
shown that the product was the object conpound. 1-4)
Synt hesi s of :

[ 9, 9-bi s(4- hydroxy- 3-nitrophenyl)-2, 7-bi sadanant yl -

ot SNNLI OLRAE L0, 24300 iy BRURARCKGLT ERSSme. _ At
thz?rg}ogg )o%g{itfalggﬁog@a%nwae%omu@d%k " fibur, 3% ©.600287 f8es)

. 5B : 2. Ty
RS ML T TP 38

refuiltRAE BIkDHRSRAL atdd 231dar tHe FBHAxIRY 65ddiffon SOPPSE] bath
i odide, 10.6 g (0.066 noles) of 1-ethynyladanantane

foobl ahoed. albea, i tridthlamide "hndf pdetitideatede removed by
triethylamne, 38 m of dehydrated pyridine and 0.25
digfill 6160 086laroh esjluoéd giredmirer alnids4 tvisqbenydopho gblutéin was
25 pal I adium were placed, and the obtained m xture was
obtizedd (heerbtabeed vistousbryve snbitidrowaatpalesd ihty 500 ml of
hours under the stream of nitrogen gas. 86 Then,
waterefRy| tha Aemed solidi anbdanee avasseparateg by filtration and

A P R S oS R e ot i
bagiH g RBH TR P raSsgifeagind Tirich avikd i mopf avater.
T4 R0 RO kPt A LR R s,
an 803t g OCHE AU PRESIHIE LB chisi

vidlft agngd product was exanmined, the absorption of the
et hynyl group was found at about 2260 to 2190 cm1 in

3-DheSkhlenad Wi dipoedisitune SFEAEGIb My ndBisePhtagtd ¢ f6@th
be 757 in the mass 10 analysis. Therefore, it was

inteprowdis featompeupd)oduct was t he obj ect

Into a 5 liter four-necked flask equipped with a thermometer, a
Dimroth condenser and a stirrer, 3 liters of 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, 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 under a reduced

pressure, and 90.35 g of dipotassium 5-phenylethynylisophthalate was
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conmpound. 1-5) Synthesis of
[9, 9-bi s(3-am no- 4- hydroxyphenyl ) -2, 7- bi sadamant y| -
et hynyl]fluorene Into a 200 m four-necked flask
equi pped with a thernonmeter, a 15 Dinroth condenser
and an inlet for nitrogen gas, 20 ml of a concentrated
hydrochloric acid and 30 m of ethanol were pl aced
and, then, 15.9 g (0.021 noles) of [9,9-bis(3-nitro
objaingd: oxyphenyl ) - 2, 7- bi sadamantyl - et hynyl ] fl uor ene
gﬁtgined above was added under stirring so that the
3" 84 deanEeps oh & Thatethymylishphthalicaciddithieridesul t ant
m xture, % 0 sqglution obtained by dissolving 15 g of
tin(Pty & ?]dgb'éﬁ'ﬁ?@k%i élaiskt eq@Ppail with et tlanetomeser, a
Iﬁaddzﬁ at tenperature of 30C or | ower over 1 hour.
RHC i%cﬁ‘d{ﬁeg, R frethiEeys B b sdP24s apeleat of dipotassium
Jfq i.on..and rystal|ized from.a_ m xed sol ution
g %llf‘é'gl%%lfﬂbﬁﬁ)&hﬁ@%% B r4d92@gi0é L2 tichlowpethareiwere placed,
Y, [ was hydrol yzed wi.{ h water, )
anllraeﬁg{e%t% a 4@::8%%&? rom %c%loﬁ%‘ﬁg?é 6aﬁd © P ¢avded mixture, 391
, 7 f roduct .. was
B O A TR I ad el MR DB Bl pstirdaermger 1
ho@absoTRELOR nfi 7, ; . qr S und at. about
2,260 to 2, 1900%%%&%% Ee dga%%‘?y‘%\%s‘?ff gﬁ roquinone were

addbdonndithie ebtaphed aRixehirOR G QP IRS: TBURE 5
9.5 ppm and the absorp%ion of pf%t§%4§faﬁég %ﬁ%ﬁéi&ﬁgr&

Affeguhet wetactionomdxturp pias BoolbRefdWYR BEa)sYSls Sy
mol ecul ar wei ght was found to be 69é71@:5n tshee%ngn"ea't%%gted by

filtgptippsand washest ovith 130 wasofbhluroforat. t'hge AREBIBEd the
conpoynd was the object conpound. 2) Dicarboxylic
wagaing Hawd werenwrnabinednaiod dostanteatadeat 40°C or lower under a

, 3,Adamant anedi car boxyl i c acid di chloride was
recﬁ&?ﬁﬁ%@?i‘é@-f ?ﬂlﬁ% obtagngd sesituenwds daediedytwice dyi eiktraction
Wit[hnaaanalfto%r(ﬁgth%X és\heDlean filtration. 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 yield: 19%).

4) 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, 45.5 g (0.09 moles) of
1,9-bis(3-amino-4-hydroxyphenyDtetramantane obtained by repeating the

above procedures 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 10.1

84



10

15

20

25

10 CHEM CAL Conpany, Inc.] in accordance wth the
follow ng process. Into a 500 mM four-necked fl ask
equi pped with a thernonmeter and a Dinroth condenser,
7.85 g (0.035 noles) of 1, 3-adamant anedi carboxylic
acid, 100 m of 1, 2-dichloroethane, 9.16 g (0.077

nol es) of thionyl chloride and 8.0 ng (0.00035 nol es)
of triethylamoni um benzyl chloride were 15 pl aced,

e FEH ORI ohGrpP AT Oeid RS Al dBhien 05 moles) of
; ' ' -ed_|. he {h ditihon. Af .th
SR AR obhIARAE ral i1 M RGCRL "B PRaeblbin e

Al oRdRANEEPLESE Hh DlabDSLIAFENSIR L0 AR B 8B hthalic

conduct e ane. he o I hed SO

acRUARHhENGEe \WBSd Gh I BCh HPHRET 2nd %dl':r’&%xlalggﬁ?feséf p%(\%urg&d was

5.48 g of a product was obtal ned as
obtdisdial s having a nelting point of 68 to 69C. Wen
t he obt ai ned product was exam ned, the absorption of
t he Thecimumbboavdeady omplevadar oweiklat (ADWUtof1848 WBtained
1785 cm1 in the IR analysis, and the nol ecul ar
bengigizolenagsinopretureob ev6 dhtaintHeusings GPE anghyBicbured by
Therefore, it was shown that the obtained conpound was
TQHe Cobjletst awhpomdousd t8)bP28ithexpressbdaas the value of
benzoxazol e resin precursor The reaction was conducted
corrpspRBPENNLEStREeRE -t he sane procedures as those
conducted in 3) of Exanple 1 except that, in the
preparation of a benzoxazole resin precursor, 62.7 ¢

Exggﬁagﬁggggﬁénsr)?ZFg%?Bnggghgglgréthynyl]fIuorene

1) OPLALRAMLBY BB el BOPYE R BTN B s i haly-

i,k poyphenyl adaant ane used i

1-1), VAN PHHIGATNAN N ahtafd d

- 1l'Ethynyladamantane was synthesized from 1-adamantyl methyl

ketone [manufactured by ALDRICH CHEMICAL Company, Inc] in

accordance with the process of Foroozesh et al. [Chem. Res. Toxicol., 10,

91 (1997)1.

1-2) Synthesis of 9,9-bis(4-hydroxyphenyl)-2,7-dibromoflucrene
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% agueous

solution of nitric acid was placed, and 147.4 g (0.29 moles) of
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di chl ori de obtai ned by repeating the above procedures
was used in place of 10 20.3 g (0.10 nol e) of
i sophthalic acid dichloride used in Exanple 1, and a
benzoxazol e resin precursor was obtai ned. The
nunber - aver age nol ecul ar wei ght (Wnh) of the obtained
benzoxazol e resin precursor was obtained using GPC
manuf actured by TOSO Co., Ltd. and was found to be
9, Pbisidthyelepreshawhg, T-Hibreatafbiorbne kbtaiade apondiwgs added
. polystyrene. Exanple 4 1) Synthesis of
in 3rmll ppsiionapnder vigdrpus sxiypingny | Thel temtpetitadamanhanaside
1-1) 3,3 -bis 4-%Ndroxy§£enxl)-l,l'-biadanan;ane 20
of |theoflgsk gwas: kept Gir 20k 89" Seduriag she | additionui phider the
i,th a ther er, stjrrer, an.inlet for nitrogen
adfifich, fpn FBpIRA coiduBi elevation. & e tompernsnas peated, the
' -dibropn-1,1"' - bi ada t ane,and, 1032 g,(10.9 ,
rogtsoul gt SRR v, BF AR AE 0T 1 e o itehe reaction
' r he refl uxi ng, condi,ti.on .
el s e SR 506 URL R soieeic ang HiDeBlpined
BEAUQORLE SIBEE A id anal, wa
craéﬁgd, and thgﬁaog?%#%g%jﬁ%%#&%%e&ggg(%gﬁgglﬂﬁﬁéwaﬁﬁéand

drie@f | CHenGrugetollueNwak 355 &ML &9 }Fﬂt{ﬁfhﬁiol T8l a solid

fornmed precipitates were separated by filtratidn,

sub@aned way dhtagndd.ovl'Bé obtiiRad@bliandibdtd e Rhs @Qﬁdﬁﬂg&ér a
a reduced pressure for 24 hours, and 64.2 g of the

rechreeduptessaseplatnal 166 Et be igbdicO®3vdobtXRd. t ' hen the
obt ai ned product was exanmi ned, peaks of proton were 5
obtiagned prod8ct7gap prapRided, Tha 2bsprptieiHpf nGtré 7smopm wakfound

2.12 ppm (4H),. 1.72 m (8H) and 1.59 ppm (16H) in
at tatb@umnﬁz@é st andy la%wsm-c}eandomq inbrorrdith iof thasbromo

groﬁ&%at agltldtar%669%b1tzoai5 ?56 %mmloi(rjlutc}}e I\%Zntai]yesisgbe{rif %he 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)-2,7-bisadamantyl-
ethynyl]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(3-nitro-4-hydroxyphenyl)-2,7-dibromolfluorene obtained
above, 0.79 g (0.003 moles) of triphenylphosphine, 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 the

refluxing condition at 105°C for 1 hours under the stream of nitrogen gas.
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1-2) Synthesis of 3,3 -bis(3-nitro

- 4- hydr oxyphenyl )-1, 1'-biadamantane 10 Into a 1 liter
four-necked flask equi pped with a thernonmeter, an
inlet for nitrogen gas and a stirrer, 45.46 g (0.100
nol e) of 3,3 -bis(4-hydroxyphenyl)-1, 1'-biadamantane
obt ai ned in accordance with the process descri bed
above and 600 ml of dichloroethane were placed, and a
was i ntroduce e .flask

Thg (EleE R e 18 I%eridlesowsae TRaipRd: Wil don deper a
G B DT T Y R T
0b€H188WV§§COUEﬁﬁ'P sc'd“llutcl%ﬁt 2%1)‘5{1%"{%?“[% g 1%3 8?thly%]rochlorlc

tenperature o e Inside o

acidOfveil gbﬁfgdesﬁn?t tl?e LsrRenatii e ﬁbs@aﬁ&e 3fad BeParated by

water/ice bat hours and at the room

filfra Hoar A dva s & Ravh Eml AYof Hatdat erhd 6§ta%ﬁe@@éﬁdfsﬁbst2ance
hours and, then, the reaction fluid was filtered.

wakedtiol 0BT withst aneduodd Prassureyfdri 1 tda1, 018 \2&92 g of a
washed three tines with 1000 m of ion-exchanged

prodictr wan tblenimal. at WERE vned ebtaineddpoebhgir was wsaniered] the
day, and 31.04 g of

abgyytidn ef Grenethnmyd-grydp oxgpheamd ht abbut 2600062t Hnem=1 in
was obtai ned gt he yield: 57% . 25 Wen the obtained

thprBdmﬂ Yifsank hﬁmecw@awvselg t prastlonndgede Tolindthe mass
16 1.70- 8 2.14 m (s,

ana];')s.is gpgl-}aergf@r(ﬁ,g) (vaas qubowry p M (E\ml_l)dm was 781%( iect
2H) and 10.72 ppm (OH) in the NMR analysis in a

CO%P/E 6 sol ution. Therefore, it was shown that the

S5 BPHEt OB U 5 SRR P adomancst

ptane 5 Under the atnosphere of hydrogen,
et}gyfl%]}ﬂ%?g 057 nol es) of P d )
3, 31aty a(Jamidt %ﬁ‘r Hé’a{éax?ﬂﬁ@ﬁrﬁ’dﬂlpﬂed ]w:ttﬁ' §gﬁ'%g@'b§{becer, a

obt ai ned above, 2. . 00114 nol es)
Dlﬂﬁ'bﬂﬂ@bﬂcﬂ@@é&'la&ﬁi ﬁh&h@étafor mifgeh &fs 20 ml of a concentrated
hydrochloric acid and 30 ml of ethanoi were placed and, then, 159 g
(0.021 moles) of [9,9-bis(3-nitro-4-hydroxyphenyl)-2,7-bisadamantyl-
ethynyllfluorene 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{II} 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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tetrahydrofuran and 62 m of N-nethyl pyrrolidone were
stirred at the roomtenperature for 30 hours. Then,
31 m of N-nethyl pyrrolidone was 10 added and, after
the resultant m xture was stirred for 15 m nutes, the
resultant reaction fluid was filtered. The filtrate
was added dropwi se to 1200 ml of ion-exchanged water.

The fornmed solid substance was washed 3 tinmes with a
of fhg et hyar empupiwao downd oft akewiaBR60atm 260 windfin the IR

i?naeﬁ%ga ged water, and drjed at 60C under a reduced
angfysls ghsiorpiiey of ByatongpfOPhgrrupgwas found at 8.8 to 9.5 ppm

oot B e O PR SELSRY deb Byt B i
oS e A B S 58 DR
oo st o i tord, R RhoRh Sy U S PR i was

thé Bbjee€ comPobl¥R anal ysis in a DMBO d6 solution; and the
mol‘ecul ar “wei ght was found to be 483 in the nass

2) kY Sy liERRIE hab fhg 1e BBISHENA & uh%e _obtained
product was the object conpound. 2) Synthesis of

5- adBradiayh i faneyl dasbexd ki dsdilorine @QQ\@%@%@@}%{P %rom

was synt hesized in accordance with the sane

1, pademcutescdieatasticcongeidt edlmandfaziuicd 3- By of ALDRICH
Exanpl e 2 except that 1-ethynyl adamantane synt hesi zed
CHIEVECavip Congpanes Insddniavctdacee ofith $he gokiovy! e piasesne
in the synthesis of the dicarboxylic acid having a
f unEﬁ%ﬁ%’pOgﬂbfWﬂ‘lﬁe@d@&@ equippelrershraathamaheter and a
benzoxazql e resin_precursor The reaction was conduct ed

Dimgoth copdanes: vi-8h 4 AR 0sammoles)ppiod suadamaaganediserboxylic
aci‘é.? gggﬁtgf ggh%g%&?@%gﬂiﬁ ?g)e(éf %%%é@ﬁ&ﬁi&;gl@l@oﬂde
an&%.ggmrgok(iﬁbo% moles) of triethylammonium benzyl chloride were
placed, and the resultant mixture was heated under the refluxing
condition for 3 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 light 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 em-! 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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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
nol es) of 1, 3-bi s(3-am no-4-hydroxyphenyl)- adamant ane
used in Exanple 1 and 36.1 g (0.10 nole) of
5-adamantyl 10 et hynylisophthalic acid dichloride
obt ai ned above was used in place of 20.3 g (0.10
.ol e) of isophthalic acid dichloride used in Exanple
3 1Pramlrai:lorbeEzMaZQX@ZOd@St?SianecuW@mr was obt ai ned. -
The _nunber - aver age nol ecul ar wei ght (M) of the
obt ke dreagBAROXH2®| ondastadpriac resordares owitdi nde same
usi.ng GPC manuf act ured _by 5 TOSO Cq.,_ Ltd. and was
procgiges Gspehose oeresipteldsdd ofs Bramnlal Lexsept that, in the

prc%%}rr %%?ﬁgl %?]&Mm S@}z rei?'g%}&%?gcp%‘eog %)Z%glgs a(BiOrbopmhglggJ of
o 48 ST A e B D RS S phsaha

on GRS EPERL by bctaSls R SRS I BARE of 215 &
(0-%2'_ ’%dthBé&O]rdfd 9, $- B AR Y 2%y} ¥0x5§§}(e;ﬁ%ﬁgaﬁa§rﬂa§1;§%¥9d in

was used as the dicar i'c aci

ExBh§aai 10pie 8.1 havionm theledi | 9 .
i e 4_%‘y"(gpg))(;gﬁlgﬂyol’i;ﬂ?,_%g%ﬁnahemoue&rbo%h@ acid

dichid:sae abeaibyl diyhyepphtingahentdove \Wibbabii®edvadused in place of
accordance with the same procedures as those conducted

20i3ng (@Xénmlote) dfviasphidedic aid Hicklobokyhdcd ac Fjahepleng and a
the di anondoid structure 5 1, 3- Adanant anedi car boxylic
bemgixazdlectdson pdecusyor Wesiabéained. accordance with the
sane_procedures as those conducted in Exanple 3
he 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)-1,1’-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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was used. 5) Preparation of a benzoxazole resin
precursor The reaction was conducted in accordance
with the sane 10 procedures as those conducted in 3)
of Exanple 1 except that, in the preparation of a
benzoxazol e resin precursor, 22.8 g (0.045 nol es) of

1, 3- bi s(3-am no- 4- hydr oxyphenyl ) adamant ane and 34.8 g
(0.045 noles) of 9,9-bis(3-am no -4-hydroxyphenyl)2,7

mlggltésaga?%éqg@rﬁ% %ﬁ%t&#&%{agﬁgg %&pﬁﬁ%ﬁ% biynfiPtlrgﬁgn,o ]:Nashed
.~4- hyd [y, 1 d d in Ex le 1
i PR32 RIS BT b A o
hodtk, bl 528 of ot b AATRNL BRE VIR OIIRLS o7 of
| SOpARIthe SStafinediprbiRE! d&sU8RsmifedEX sg 8%:%2{1% ere

benzoxazo?‘e resin precursor was obtal ned.

fodHITRErS. 29 §RAS 2D eC1 ffpmeitah] e(dbmpﬁi (4R, Qgtzgg’%ﬁld (41D,

benzoxazol'e resin precursor was obtained usin
1. 7appfraé3ld) @ardby.539T050 OHH) in dhe AN Bamalpsindnt @ IMSO-dg

22,000 expressed as the value of corresponding
solplopstyndne. was dhewml tha the Bbsamiedophahodt Wawi tige tdhgect

di anondoi d structure 93
comp@ubils( 3- Anmi no- 4- hydr oxyphenyl ) t et r amant ane

3ynt hesi zed in accordance with the ]zarre, procedures as
1-Dirogdbesrdict @ dhipts Blaa ey droxyabenydl, I'iadamantane

Di carboxylic acid havjn unctional group.5

5- Pﬁ%‘i%/fiei H&tﬁmfjp%'&ﬁ?ﬂa%ffiﬂ?m&c?wwﬁp r‘i"%@ aythepagmeagr, an
A ccordance w th the sane.procedures as e
inlgf &t BUTP R Bap1 sl e Tignn 1546 §° (G183 mote) of
3,3-bis(4-hydroxyphenyl)-1,1’-biadamantane obtained in accordance with
the process described above and 600 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, 27.30 g (0.260 moles) of
a 60% by weight aqueous solution of nitric acid was added dropwise. The
resultant mixture 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 2 hours and at the room temperature without using the waterfice 7
bath for 2 hours and, then, the reaction fluid was filtered. A yellow solid
substance obtained by filtration was washed three times with 1000 m] of
ion-exchanged Water 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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3) Dicarboxylic acid having no substituent
Terephthalic acid chloride was used simlarly to
Exanpl e 2. 4) Bi sam nophenol having the di anondoid
structure 10 3, 3' - bi s(3- Am no- 4- hydr oxyphenyl ) -1,

1' - bi adamant ane synthesized in accordance with the
sane procedures as those conducted in Exanple 4 was
used. 5) Dicarboxylic acid having the di anondoi d

rgc e almapt t yl i soph lic [ i
P syn(%ihggil)’zgdé{(lI ﬁgacco’_r%g?{czﬁ\l/%vi By @S%ea%‘ig@'ﬁ% HOBY(PED in
thaSNMB sewatysisl s e DMBOERX2BPh@ich. WaEhdieffbe, §) was shown that
Preparation of benzoxazole resin precursors The sane

thbebzRkadY 18 d0eSivasRhe GBS ut.sfaose prepared in
Exanpl es 2 and 4 were prepared. /) Blending of

1-BenBpntizadieof B -bss(3AnAilesINRER shd RN, PhEfdHmhtane
formed with the bisam nophenol having the di anondol &
st r iéndere thehataiosphéex yifi bydeogbhasi wa & fOH7 Mbles) of
roup and the dicarboxylic acid having no functiona
3, %rtuat}é"mr@ﬁ-h@mxyphemjrlhddl’&ﬁa&emiamtaﬁe amEiedOALSRY0 2 42
wei ght and 50% by wei ght of a benzoxazole resin
g 2 é)@l}rlgorm‘ﬂ@ﬁ Wi t19% hpalladam naptienokhhwonhg 310e @26 of
di ngn oid structure and the_di carboxylic acid having
tetr gAY AERTEDR FO1H-62 Mgl Nemetbyimarohdete weere stitmidnet the

abgve were dissqlved 94 in N-nethyl pyrrolidone as the
o@B R EETatig 7l B, nahary S B0 S by mTeobbimanvas

S R R R T -
ro MR Wtsioh bl 63 ARLAY “IRCRRMED SR AARTERZNS. o
1200 ml of ion-exchanged water. The formed solid substance was washed
3 times with a mixed solvent of 620 ml of methanol and 620 ml of
ron-exchanged water and dried at 60°C under a reduced pressure for 2
days, and 23.21 g of 3,3’-bis(3-amino-4'hydroxyphenyl)-1,1’-biadamantane
of the object compound was obtained as gray powder (the yield: 84%).
When the obtained product was examined, peaks of proton were

found at 1.53-1.69 ppm (m, 24H), 2.10 ppm (s, 4H), 4.30 ppm (NH,), 6.35

ppm (d, 2H), 6.53 ppm (d, 2H), 6.61 ppm (s, 2H) and 8.70 ppm (OH) in the
NMR analysis in a DMSO-dg solution; and the molecular weight was
found to be 483 in the mass analysis. Therefore, it was shown that the
obtained product was the object compound.
2) Synthesis of 5-adamantylethynylisophthalic acid

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

l-ethynyladamantane synthesized in Example 3 was used in place of
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accordance with the same procedures as those conducted
in Exanple 1 was used. 2) D carboxylic acid having no
substituent 10 Isophthalic acid chloride [manufactured
by TOKYO KASEI KOGYO Co., Ltd.] was used as the

di carboxylic acid simlarly to Exanple 2. 3)

Bi sam nophenol havi ng the di anondoid structure

3, 3" - bi s(3- Am no- 4- hydr oxyphenyl )-1, 1'-bi adamant ane

. synt hesj zed . in, accordance with the same procedures as
Phe R TR ipedbs OBy of the dsterheedic o having a

i.carpoxylic acid hayi ng the di anondoi d- et hynyl
funs PRt R e gﬁﬁﬁ%ﬁ?ét et hynyl i sophthalic acid
b.chl arj. esi.zed in .accordance with the sane
3 g?%%@gﬁ*ﬁlgg 02?%%%353 %ﬁ&ﬁ@%ﬁrqcﬁ‘r@?anpl e 4 was used.
20 P i of xazol e resin precursor
Under t %&gﬁ}{ea%& Cﬁlgld?lgg%f} gas ?c%_ﬁgn&e ( (W@ZIS tﬁ%l &gye

roéddures i s 34| cte h LpRd i
progfute b 0 91 I ROSTELSS S i

di ssol ved into 200 o) i ed

prefiiionl o4 0 Mol ol dl
prephtionl o4 ad beHrada 7200 68kirP C})Ifaé%fﬁi:s%ggefﬂgﬁag 1gfg§gm€%gsgsof

resultant m xture was cool e

3,3 b @sam2Bo-af hy dokphehiD- BeHdaghheritds |
smal | portions. Arter ¥he adg]tion magwggﬁp etgg§5%iﬂ§s

usedlinaplaed ofi X1.6re (W89 siblds) of BE-bidBGKko-4-h -
Then, the tenperature was adjusted at the r'o%%nog%enyl)

adamsrgenat wses| iadikample i xndirds. was (GULOTmelh) atf 5@ akPaNy1-
tenperature for 5 hours. After the mxture was cool ed

ethypylisppithalic grgd (dichsmidebbiyinefl Sh@/c- biss( dsedriiRophree of

roxyph )-1,1' - bi adamant ane was added dropw se
20-%2‘%@%@%@ ‘S‘OHéFh)%}Ehé@ds‘ilythTtdmpSQCB in Bramp5!, and a
b nnlesi of.5-adanant¥¢et ynyl -
enzoxazole 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 22,000 expressed as the value of

corresponding polystyrene.

Example 5
1) Bisaminophenol having the diamondoid structure
1,3-bis(3-Amino-4-hydroxyphenyladamantane synthesized  in
accordance with the same procedures as those conducied in Example 1
was used.
2) Substituted dicarboxylic acid
Similarly to Example 1, isophthalic acid chloride [manufactured by
TOKYO KASEI KOGYO Co., Ltd.] was used as the dicarboxylic acid. -

3) Bisaminophenol having the diamondoid structure
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I sopht halic acid dichloride was added in snal
portions. After the addition was conpleted, the

obtai ned mi xture was stirred at -15C for 1 hour.
Then, the tenperature was adjusted at the room
tenperature, and the mxture was stirred at the room
tenperature for 5 hours. Then, the 10 reaction fluid
was added dropwi se as snmall droplets to 4 liters of

cor bt 30aA B B e B D e R oren

repeat i ng_unit constitufed with the .
yRHEEHESE T A8 AHal RIBTRAS tmioiast oSk At bifive Sandubra in
j [ aci d having no substituent was obtai ned.

E}%Slﬁﬁ};?g@ﬁ#ﬁblgsre-déver age nol ecul ar wei ght (M) of the

4)0@@hﬁ@&gl%@%@tﬁ@éidﬁ@ﬁ%&&&?ﬁﬁﬁ@é obt ai ned

usi ng GPC manufactured b TOS and was

f oung3-aldieadfuBcAkpipRs edadd t MEcMBliME Ofynthesized in
correspondi ng pol ystyrene. 20 Exanple 8 1)

acBrslamcaopitbntie aathedpeaicdaxyd a6 @isd doaRihctQl ihMBxample 3
third repeating wunit 1-1) Bi sam nophenol having the

wah wseohdoi d structure

1, 3- bi s(3- Am no- 4- hydr oxyphenyl ) adamant ane synt hesi zed
5) i Preparaigen ol arhemzakatole hesivamecprasredur es as t hose
congycted in Exanple 1 was used. 96 1-2) Dicarboxylic
aci &i’fﬁ*avﬁ@@t]l‘i’@ swBst iconénetefds opht #esordanei dwith othelesame

%? nufacturﬁd by T&KYO KASEl KOGYO Co., Ltd.] was
PIRedyres ashhefe spRouSteAcimd aols Fvpmpleyl rexcerbrthie in the

2) Bi,.sam nophenol and di carboxylic acid used for the
PI¢paration é)gegt GHpoxazolg; resin pre%ursor, ééjs g 90.045 moles) of
1,3-bis(3-amino-4-hydroxyphenyladamantane and 34.8 g (0.045 moles) of
9,9-bis(3-amino-4-hydroxyphenyl)‘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 1sophthalic 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. and 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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2-1) Bi sam nophenol having the di anondoi d- et hynyl
structure 9, 9-bis(3-Am no-4-hydroxyphenyl) -2,

7- bi sadamant yl et hynyl fl uorene synt hesi zed in
accordance with the same procedures as those conducted
in Exanple 3 was used. 10 2-2) Dicarboxylic acid
havi ng the di anondoi d structure

1, 3- Adamant anedi car boxyl i ¢ acid dichl ori de synthesi zed

. it h _ '
PRGN LS SRR ARSI ERES LB e in

ac@RfafbE R Ca R ﬂrdééﬁgr%OEStdﬁ%sé'Jo%ﬁuﬁﬁaQ?%'E’:ﬂam le 2
unit 15 3-1) Bi sam hopheno avi ng a functional gr oﬁp

waBsddl s(3- Ami no- 4- hydr oxyphenyl ) - 2,
7-di phenyl et hynyl f I uorene was obt ai ned i n accordance

2) Wilibaiiylieldcovhagink @&’ﬁﬂ@tiorﬁll%-rbh Synt hesi s of
9, 9- bi s(3-ni tro-4-hydroxyphenyl fFuorene (the first
i nt &rifteciydtehyooritpophdhal2d atidt chlarigeGynthésived ngckedrdance
flask equi pped with a thernoneter, a stirrer and a
witlethexamenoenedures26G0thuse Conducted| insBxahpie 2084asqerebus
solution of nitric acid was placed, and 102 g (0. 29
3) mlieanbostlicgcod brying ny aubss yl )l uorene was added
in small portions upder vigorqQus stirring. The
t enpererithalisraqf ghloydeqwasfuseAsimplagly tpBxpmple &t 25

2Q,.to 30C . duriing the addition. After the additi on was
9 2 Bitmdap e P ing B i B An deidl s gt ot ot ur o

i e R R R S T 7§g§ffhsaized
in B AIRR0Y 2R o Terfi pERICTYEL BR e Fpdi i SRBRRb e 4

wadNgiedr i €d. The obtained crude product was
recrystallized from hot ethanol.

5) Dicarboxylic acid having the diamondoid structure

5-Adamantylethynylisophthalic acid synthesized in accordance with
the same procedures as those conducted in Example 4 was used.
6) Preparation of benzoxazole resin precursors

The same benzoxazole resin precursors 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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5 The obtai ned product of recrystallization was dried

under a reduced pressure, and 70 g of a product was

obt ai ned. When the obtai ned product was exam ned, the

absorption of nitro group was found at about 1,500

cml and 1,370 cmt1 in the IR analysis and the

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

anal ysis. 10 Therefore, it was shown that the product
inWnblif 1} frdtiablb HBR Bifent URPH Whenfi nabind! B BGRS: of

Rire b & = s f - di fl uorene

S Py Byl ghif ol teBafEo

four-necked flask equi pped with a thernoneter, a 15

stirrer and a reflux condenser, 200 ml of carbon
Extaetplachl ori de and 10 g (0.063 noles) of brom ne were

pl aced, and 25 g (0.057 noles) of the first
1) i Misamedophenddmpongdhekianoedobayacoas added in

smal | Eprtions under stirring. The tenperature at the

i nsild¥bif(3tAming-dshky dvasybpiyldda0ahtansl30C sguthagzédhe in

addition. After the addition was conpleted and the 20
aceqrdanee orithf thehsamenpracetiures esddwde donduckakin dixavaple 1

allowed to proceed for further 1 hour. Then, the
Warse‘?a%;g:'-on product was poured into about 500 m of cold

. | de. pr od . ted b
2) { Highihanic heid hegitiie Rubehiant or. and dried. The
bt aj ude. tallj f t
ot h AL A PLRRREle M BERREAR TSP k38R Kogvo
i e ..and .29, 0 f
ColTr WA HBAEL dhel BEHAGIRE BRI IRY 48 B %as
: i on: 08 f ound
3) eH e iciol BEP IO Bidtho AR, D5 Voo TOMT
ol BM(S-A@iﬂM-Wo&S}HHQnﬂQ'lk,’?-b'igﬁahféx{’]cgﬁe ”B%%tpesized
e produc

anal ysis. Therefore, it was ~shown that t
in wasrtihacs edondhe sheipehRUarePIPAHOSEL: conducted in Example 4
was used.
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, 15.8 g (0.045 moles) of
1,3-bis(3-amino-4-hydroxyphenylDadamantane 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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3-1-3) Synthesis of

9, 9-bi s(3-nitro-4-hydroxyphenyl)-2, 7-di phenyl et hynyl -
5 fluorene (the third internediate conpound) Into a
500 m four-necked flask equi pped with a thernoneter,
a Dinroth condenser and an inlet for nitrogen gas,
35.9 g (0.06 noles) of the second internediate
conmpound obt ai ned above, 0.79 g (0.003 nol es) of

R P B R 5 B S or o
- ' ' hyd d
R S B LAy e s "N

mistk &R QFRPESAL iRhepyd @f'.QSQ mb.@ﬁbpﬂoh@s‘;im,‘%’gf)f‘s@'ammoﬁl'

pl aced. Under the stream of nitrogen gas, t

hyGestgmy DI XE-BERI MBEnhaR adadngdeded rl?rroﬁag{ihé'xéﬂ@ dissolyed

condition at 105C for 1 hour. Then, yl am né an

hopygedeneslyer e Thempv &6 10y diosts | ndldsdN ol 55WAde arftylethynyl-
reduced pressure, and a viscous brown sol ution was

1sopiithahedacidio didhieridbt aiasedddiedc owssalIWposEbae.i O f20Qhe
m of water and 5 m of hydrochloric acid were added,

additépn measf orppleted) the ebissnedceiximee wespstiaeddatby15°C for 1
filtration and washed with 500 i of water. The

hogpt ailhes, theotamaperaiarames adivsthd abithe rGOC tungerature, and
reduced pressure for 1 day, and 20 28.8 g of a

the, jertare Was shrad médhevpsm tempgraiaue tfondsheses Adwn, the

o T BB S Sl e
i gh .found to be 641 in th ]

waL P oTB Wbl PR PR, sPerfoilerts (it pibederand o

be%&?}zgg IS'J%% %é{egﬁﬁo%ﬁﬁg nag?é.gje%lﬁ]rgg u%?t gdri[s_tid’c)uted with the

bishrkinepaXHeN %?(Ih%g‘ Zhé- Qiaqpsméia SLANAYS | AL £ 08 oxylic

bi sam nopheno aving a functional group
acidMhvihgfusunerkedt Wasdbtemdgoped with a thernoneter,

a Dinroth condenser and an inlet for nitrogen gas, 20
m  @hea monbenhvei:gd molecular weight (Mn) of the obtained
benzoxazole resin precursor was obtained using GPC manufactured by

TOSO Co., Ltd. and was found to be 19,500 expressed as the value of

corresponding polystyrene.

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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hydrochloric acid and 30 ml of ethanol were placed
and, then, 13.7 g (0.021 noles) of the third

i nt ermedi ate conpound obt ai ned above was 5 added under
stirring so that the added conpound fl oated on the
fluid. To the resultant m xture, a solution obtained
by dissolving 15 g of tin(ll) <chloride dihydrate into
20 m of ethanol mas added at a tenperature of 30C or

IT%E r é . After 1. hours f ormed crystals
\ﬂé B§¥ ¢ 8t Y4¥%?%&T 588t r ecrystal i zed from
T 2‘1%031%@1%21““ Blorfds FRgn ulnee RSy EREH S kuS i kRavo
water) agg{séggag'r@ez@a@%hgo%%tmglmlga]gggg ErpeL. @

2) Olﬂlééﬂﬁl% Mhen 4he A IEHO'S} flc RIPd q&%dm%ou%aglﬂ'gﬁbrﬁpegﬁng

absor pt i on of the et yny group was
und; 260 to 2,190 cm1 in the IR analysis, 15 the
absorption of proton of OH group was found at 8.8 to

2-D. SBppmmiaoghthel h@smgpﬁﬂemaﬁ{ormo@&@maféylwt@u&mép was
found at 4 to 4.5 ppmin the NVR analysis, and

ol 8c¢tiba(3 Wemiy-4vimsirbrypilde riyd) Re7- 5&hdﬁ&dﬂt@léﬁh§ﬁylﬂuorene
analysis. Therefore, it was shown that the obtained

sy@ﬁmmddmort@amebwst(leﬂmmame preotpdimex yshboye renducted in
di phen | et hynyl fl uorene (the his- 20 am nophenol
Xﬁ&ﬁ?ﬁ Wag wseei onal group) 3-2) Dicarboxylic acid
n ubst.i t uent hbphthalenedlcarboxyllc
3; i C%FQWZ‘N %@d\%@ﬂggﬁhﬁéﬁ@@a pidoFtructure
g}a t hal enedi car box lic a(:(?bI a he raw material
A aRPARArboRy i QW ofidonidact sorhgpized  in
de 25 4 aration of be zox ol e
acgogéfgﬁgépr“g%&s Sr SURG R Cﬁg U5t r@%rﬁlhB’Fe ﬁPPﬁB xapppls 3

wad 8403 nmoles) of 100 1, 3-bis(3-am no
-4- hydroxyphenyl)adanantane was di ssolved into 200 g

3) OBisaminophenol and dicarboxylic acid used for the fifth repeating unit
3-1) Bisaminophenol having a functional group
9,9-bis(3-Amino-4-hydroxypheny1)'2,7-diphenylethynylﬂuorene was
obtained in accordance with the following 4 steps.
3-1-1) Synthesis of 9,9-bis(3-nitro-4-hydroxyphenyl) fluorene (the first
intermediate compound)

Into a 500 ml four-necked flask equipped with a thermofneter, a
stirrer and a reflux condenser, 200 ml (0.64 moles) of a 20% aqueous
solution of nitric acid was placed, and 102 g (0.29 moles) of
9,9-bis(4-hydroxyphenyDfluorene 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. After the addition was completed and the

elevation of the temperature ceased, the reaction was allowed to proceed
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dried N-nethyl-2-pyrrolidone. After 17.4 g (0.22

nol es) of pyridine was added, the resultant m xture
was cooled at -15C, and 6.70 g (0.033 noles) of

i sophthalic acid chloride was added in small portions.
After the 5 addition was conpl eted, the obtained

m xture was stirred at -15C for 1 hour. Then, the
tenperature was adjusted at the roomtenperature, and

o B 5y R R AR GRS g

ure was® coo

: 9_9-{j - i - A4- [)-2 S,
o et 1 SR E AR U BV IRk, Frahed
i el DRAFOGENE . Th 1,6.2; 0

“Hgﬁgigggﬁg%tane- diggf%%kyli?chﬁg@%ﬁgﬁféﬁggg &g&ﬁgg%ggmm

rediystdltibeéd B hehethdhéler the addition was conpl eted,
the obtained m xture was stirred at -15C for 1 hour.

Thefhetdigaimnppratuct f wasryathllish86natad Beied @Ber a reduced
tenperature, and the mxture was stirred at the room

pressaper andi76 & of a produntswafbberinede 15 reaction m xture
was_cool ed at -15C, 17.4 g (0.03 nol es) of
9, 9¥Whey shambiainpdpdedigyprengikpangped, the absorption of nitro
7-di phepyl et hynyl f| uorene was added in snal

SrojH} tasnounsk 9% ra)épﬁé Lo} erorl ard leBfhraxrddn thelR analysis

bt,ai ne ) Xxture was stirred at. -15C for 1 hour. )
anah{e‘?ﬁ W plgcls weighi é"%g‘)m&?ﬁjtas]%d“& ip Heher s analysis.
tenperature, and th ] Xture s stirr t he 20 .
Thl%%@rﬁ’eﬁpﬁaast &Flgw%ﬁhgl ht&ﬁ‘?r Proquct, was ?}g‘ﬁaé]fstﬁi Wigggediate
dropwi se as snall droplets to 4 liters of
mngggﬁﬁﬁled water. The fornmed precipitates were

3-£9) | S%h@ﬂeﬁ@%fdg,bgﬂs(ﬂﬂréél %%?58}?%@5?2% rﬁ Y obSdHeene

in which the thir repeating uni

(the@Reshd Ngtetiddi #Rednhiodnd)t h repeating unit were
bonded in bl ocks was obtained. 25 The nunber-average

ol Betsl ar50®inghfou:Midcl@id Nask abfappedl wlBNZ AhefRbketer, a
resin precursor was obtained using GPC manuf actured by
stifif@t 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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TOSO Co., Ltd. and was found to be 22,500 expressed as
the value of correspondi ng pol ystyrene. Exanple 9 5
1) Bi sam nophenol and dicarboxylic 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 oxyphenyl ) t et ramant ane
synt hesi zed in accordance with the sane procedures as
C i £ ed....10_1
Watﬁhfggl?lgo%i ic tgg?%@%g\é?@a %bﬁ%??%nuasranqﬁ?%u%na%}’e mélecular
we?%l'fp%ysl Eh iAo 5@@9@% En@GhHsdll '1%&?%@%%%@?&' et as

accordance wth the same procedures as

shewadiet ele iprofAWEE tBe sWBhARRErmelliRt TBHHARIgENO!
and di carboxylic acid for the fourth repeating unit

3-1:3) 2 SkntBesianif 90phe(8inibav i hy dt ' hg,ozi-dgﬁie' Wthynyl-
structure 9, 9-bis(3-Am no-gi-;fhyg?%%%ﬁgnyl ) -2, 7|ﬁ¥7 Y
fluobésa (Hheehind etthymyeHidteaoanmursnt hesi zed in
accordance with the same procedures as those conducted
i n IEmapbed anhdsuninecked flapkDiqeppod ywith acihdrimwmatgr, a
.the dianpndoid structure 20 1, 3- Admant anedij car boxyl.ic
Diggpth gprdenser dndynanlesifoeaitragenmeasr 3nf@(0We males of the

same. procedures as those conducted in Exanple 3 was
se ?g@fnf’@%é%‘i‘ﬁ ﬁ%‘ﬁﬁ@ﬁaa obiging g2y 0 6 & (Q0P3rmplps) of

triphthinhERR RS 45! (0,661 ma1SS o P per Sodida 613 & 20.0066
- bi s(,3- Ari No- 4- h [ ),f 1 .

o RS S LA D ane, 25 i o

deRFADRRATH AN 2hd W85 RYB.08598 dbs) 5P ichlorobis(triphenyl-

phosphine)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
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 cm~! 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 bisaminophenocl having a functional group)
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9, 9- bi s(4- hydroxyphenyl ) fl uorene used as the raw
material by nitration wth nitric acid, followed by
conversion of the nitro group into anmino group by
reduction in the presence of a palladium carbon
catal yst. 3-2) Dicarboxylic acid having a functi onal
group 5 5-(4-Ethynyl phenoxy)i sophthalic acid
di chl ori de was synthesized in accordance with the
f ol | ng [ ) e -2-1) .Synthesi s of, di met hyl
o (A AP2003EL SO0 DO, (PRF wR VA neiitinetlr, a
Dijd¥osh WBHHAEE:C n Rree -qecked
1fI ask equ[éll:él)pedé)lv[;\jlm)t%?&il gﬂ?t;]{eqr?rnol?rlé ern, é;gi ifgﬁ{sltcf rt g?ncgl%raéued
hy DestiStiardeidi shd | dRthPoraRRanst Yserel 0
yerI es) of dinethyl 5-hydroxyi sopﬁtehg gtaé,gxi%ﬁ@%"glgj 5

(0.021 7obadd) esf) tled thérd lineranidisRbepaSRand’ 60cdThe®f ab
N, N- di met hyl f or mam de and 190 mi %j?ﬁ ?ol Uene vere C a8

-adfédamder atitringesa dat thantddudxions goned Ishtdd 64 1R AERC To

for 4 hours while water forned by the reaction was
the ersuléantsnwiuse.eat sadpboh Solvtiaited blyudizsolvihig €15 tshef tin(IT)
reaction fluid was cool ed, the reaction fluid was
chlggegdihndgate fintep8 wi of etherchwageaddwt et a smdptiwure of
p\/éoduct was precipitated. The precipitated product
30fas0% dpmest ¥yl theur at Adieradd heaesedombed crystals were

i on-exch ed.wat er, and ethanql, The obtained Iight
SQWPF%%/%Y@% Bgl%ﬁgﬁgﬁew% {2l fsemen ngged sghutionjgfjethanol
anfl G BaloRi e 5B patva  hEingR b cHeshipE e B was Gundyoed
i (e B RER AT, SR, Bhenol, apd lrigghgunder a reduced
PR L COTRD Pl ) o00 Pl ant-shaped

5- (Whd tReNsHaed pesddhakake fiHeS :
i nternedi ate conpou%d, 6&33%3 e)g%m%@é ﬂ{lg%alﬁséqrpglgpu%{. the

etlalyl veoth araoftund40 abbud b, d6et fADVG0EHF By 3RE 182800 Mhvsis
of ethanol were placed, and the resultant m xture wa ’

thesabsarptiohof Pbtdwof 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 581 in the mass
analysis. Therefore, it was shown that the obtained compound was
9,9-bis(3-amin0'4'hydroxyphenyl)-2,7-diphenylethyny1ﬂu0rene (the bis-
aminophenol having a functional group).
3-2) Dicarboxylic acid having no substituent _
2,6-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 siream of nitrogen gas, 10.5 g (0.03 moles) of
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103 under the atnosphere of hydrogen. The reaction
fluid was filtered with Celite, and the filtrate was
concentrated under a reduced pressure. Hexane was
added to the concentrated fluid, and forned
precipitates were separated by filtration. The

obt ai ned white solid substance was dried at 5 50C for
1 day under a reduced pressure, and 55.96 g of the

1, e ey O A LB O TR Aot R WP O ed Faed 0 of
i o he | sopht te (th ird, int i at
g SR RSB L P e Racth hls BT Was
Ld hi1gs t t ' d '
kg "B Ftrafe ot it of > o e (0032

mogé%f) 4 Eé(lﬁﬁ{tﬁglﬁ Weld Eho AR \Qa? %gldéﬁiiﬁ%&alﬁ %U%tﬁoﬁ@.l g.*i}tei) frhe

i met hy 5- (4-am nophenoxy)i sop at e "obtai ne

addibrewas doeplseabnthe dbtheide diidt@reCRARUNFARHE 15°C for 1
pl aced, and the resultant m xture was stirred. The

hotit. askhavgstheoengsbratuGras ddgustied @thearcd@h YhpBrature, and
prepared by 15 dissolving 12.42 g ( 0.18 noles) of

thesodktumenwhis isterédtad th%s rdonoftempenaarehfandetouss. erAftes the
~added dropwi se over 20 m nutes. The resultant mxture
miyigweswisreglet a8C-55°C.08809 £0(0.09 miles) e, 9,arids@namino-4-
aqueous ﬁol ution of a diazoniumsalt was obtained. To
hydupzyphenyHed 7 dordamentylathyerlfupseng masarddedyropwise and
. di;ssolving 27.39 ¢ . 165 nol e of potassium i odide
dlsé‘dvﬁgtlwl%%%eoaﬁlﬂ-oﬁé%ﬁa%éf Brales ddddddanpntane:
. obt ai ned ni xtur stirred.at 5C oy, | ower for
aicf Pyl A ibobER, pimendedr in ropdll motions. thater the
. recini . separated by filtration, ,
adgjflolCfal Rctah 3he WP RURNGY W chinte arisge for 1
i it 9 ion of sodium
oo B rafieelivad YIRRHER Y ¢k Ygphl RnBlrai 5 o

thel PAsANENRRYEINE] 8k thA B (ARpRFAE %ot BYREuMNES ALl et o
W t h anhydr ous

reaction mixture was cooled at -15°C, 174 g (0.03 moles) of
9,9'bis(3-amino-4-hydroxypheny1)'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 repeating 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

101



10

15

20

25

magnesi um sul fate, the solvent was renoved by
distillation under a 104 reduced pressure. A snal
anmount of hexane was added, and a brown crude product
was separated. The crude product was treated by
extraction with hexane using a Soxhl et extractor.
After the solvent was renoved by distillation,
recrystallization was conducted using nethanol, 5 and

T Bl Bl NS o YRGB G B0 TRE Rl o B of

: ssure for 1 day, and 25.40 g of
Coﬂﬁg&;%@lg{m%g&ﬁgéfgate conmpound was obtai ned (the
yield: 41% . 3-2-4) Synthesis of dinethyl
5-[4- (3-hydroxy- 3-net hyl -1 - butyn) | phenoxy- 10
Eﬂﬁgﬂl@t@al ate (the fourth internmedi ate conpound) Into a
500 m four-necked flask equi pped with a thernoneter,

1) 2 Bibh#1i 0bph &4/ @lcadbskydir Adill $or {1 tHikd HOSENI AR Binit
24.73 g (0.06 noles) of dinethyl

1-B- ( Bisaatnpipdieasy hasoghtheadiateorabiidishedtakove as the
third intermedi ate conpound, 0.79 g (0.003 nol es) of
tri phiehyd(phospe-Hehy droR8phef) tedrai0aAtamd espywthestpder in
i odi de, 5.55 g (0.0066 nol es) of 3-nethyl-1-butyn-

acgrdancg 2vivh dfe dampdpracedures eshibosei comdugBdriin dfxample 2
dehydrated pyridine and 0.25 g (0.00036 nol es) of

wad &9 obi s(t ri phenyl phosphi ne) pal | adi um were ~ pl aced.

b SR Bt AR S0 o
i L L LT
BN SRR SO B P ot 2

wadatery and 5 ml of hydrochloric acid were added, and
the formed solid substance was separated by filtration

2) aBlsa N@absike M1 tah B&Ra b o8 cWRE & Tor tHEfRRER LG R Lidlit

substance was dried at
2-1) Bisaminophenol having the diamondoid-ethynyl structure

9,9-bis(3-Amino-4-hydroxyphenyl)-2,7-bisadamantylethynylfluorene
synthesized in accordance with the same procedures as those conducted in
Example 3 was used.
2-2) Dicarboxylic acid having the diamondoid structure
1,3-Admantanedicarboxylic acid dichloride synthesized in
accordance with the same procedures as those conducted in Example 3
was used.
3) Bisaminophenol and dicarboxylic acid for the fifth repeating unit
3-1) Bisaminophenol having no substituent
9,9-bis(3-Amino-4-hydroxyphenyDfluorene was synthesized by

introducing nitro group at the ortho-position of hydroxyl group of
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25 50C under a reduced pressure for 1 day, and 15.14 g
of the fourth internedi ate conpound was obtai ned (the
yield: 75%. 105 3-2-5) Synthesis of dipotassium

5- (4- et hynyl ) phenoxyi sopht hal ate (the fifth

i nternedi ate conpound) Into a 1 liter egg plant-shaped
flask, 450 m of butanol and 47.53 g (0.32 noles) of
pot assi um hydr oxi de (85% were placed, and potassi um

de | ved by h der t.h . .
S S R L 355%8-"1‘%31“%%?%? byznifgajon
0. . .
wif} ﬂ%fl‘ilgof‘{“g&) SR Vet PR B amoe quino
th
e
3- 909k BEx IR acif HHv’ﬂHé%\Sfun'EﬂgnﬁPéfﬂd;ﬂm m xture was 10
cooled in"an ice bath, and the forned crystals were

sepa (QtEﬂlﬁMrlﬁhéﬁd@)i@ﬁhthzﬂhﬁ aOld! GichReidd WelsdymtWBsiged in
washed twice with 200 mM of isopropanol, separated by

acdorhned with endfodldvatigakabén wodey. a reduced pressure,
and 13.91 g of the fifth internmedi ate conpound was
3-Db} aiSyadhesise off idBhoth9l % (4-nB+@p BynSyisophtlsalate (the first
5- (4- et hynyl ) phenoxyi sophthalic acid (the sixth 15
intermedmigi comp ound) from di potassium
5- (4- et hynyl ) phenoxy- _i sopht hal at e Di pot assi um
5- ( nter By Ayl g%h@hwwcg@ aH guauppRdiwith adbeemameter, a

Stl;giofya%hggnt AL LSRR B Ol o
e T e
d @Ogéﬁ?@{)‘?‘%ﬁeﬁ%c'un . P B R0 AL BRI NG shU R A1 of
td\?\#?ﬁ i 0 exc ange \/\/g?%? y%%dh%i eg}g%s }é‘\;ﬁmf‘%bgﬂaf%‘gﬁ% for 4
hofRY ¥R warbt $oSHES UANEI: reaction was removed as an azeotrope
with toluene. After the reaction fluid was cooled, the reaction fluid was
added into 3 liters of ion-exchanged water, and the product was
precipitated. The precipitated product was separated by filtration and

washed with ion-exchanged water and ethanol. The obtained light yellow

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 compound)

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 m!

of ethanol were placed, and the resultant mixture was stirred for 24 hours
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was dried at 50C under a reduced pressure, and 5.42 g
of the sixth 25 internedi ate conpound was obtai ned
(the yield: 96%. 3-2-7) Synthesis of

5- (4- et hynyl ) phenoxyi sopht halic acid dichloride from
106 5-(4-ethynyl)phenoxyi sophthalic acid Into a 500 ni
four-necked flask equi pped with a thernoneter and a

Di ntoth condenser, 9.88 g (0.035 nol es) of

et AL RHMREN N b 3O AL e85 301 0% Skt swien
S, B RO i, P
HAEHS Whasaded %@%& REncd Hietdaﬂp agxtcﬁfo‘f‘m"@spﬁ%ﬁgh%’tes were

under the refluxing con tlon ours

sePhlabfaf SRkAEIHAN TAS Jthir%rdeﬂrhhﬂ% $dI81 BabstaaRdi 'vé&és°ﬁned at
After the solution was concentrated by renoving t

5030! feentl dageinder advedibed pesdsiRe, bRAdr 861965kabt ithat §Q@And
was conduct ed by addi ng hexane. The obt ai ned solid

infsamhmtdamtmecampomd edisuhdeined (theyidd: ps@3sure, and 5. 14

of a product was obtained as |light yellow crystals

3- 215% riyatheslst iofiglipuithy] di- (68 dopheacxy)isimhthabite: (#6%hird
4) Preparation of a benzoxazole resin precursor 15

lﬂﬂgﬁ%dlﬂﬁ?ecoﬂﬁ@md)of nltrogen gas, 15.2 g (0.03 nol es)

of 1 9- bi s(3 a roxyphenyl t et ramant ane,
’@) @Ol oateatrp qygjn ask equlppe with a thermometer, a

Stl#fego%afi%féf%"ftn?ﬁﬁ?fwﬁa%oﬁﬁwgmir%" ipy drchgnged G%ﬁ‘ﬁ%i 2eymbef 2
XN e T AR
& (?f#elﬁ?“‘i‘ﬁfe*(’nﬂlg"@f%@@;)s HeaftecP AB4RE 8S MG spoona

1ntg?r€%ageﬁgglé:§ oﬁfndg V&FH&)}@S L £dhy né’l&% Sﬂl;éhtrggﬁl'tﬁn@%gxture was

stl%%eﬂoggﬁf@ﬂhéﬁ Q@’d§éﬁo@@d‘ﬁ't iseCan BwirChhAH 88udibd fpardd by
dissoiving 12.42 g ( 0.18 moles) of sodium nitrite into 25 ml of

lon-exchanged water was added dropwise over 20 minutes. The resultant
mixture was stirred at 5°C or lower for 40 minutes, and an aqueous
solution of a diazonium salt was obtained. To the obtained solution, a
solution prepared by dissolving 27.39 g (0.165 moles) of potassium iodide
into 33 ml of ion-exchanged water was added. The obtained mixture was
stirred at 5°C or lower for 1 hour and at the room temperature for 1 hour.
The formed precipitates were separated by filtration, dissolved into 300
ml of ethyl acetate and washed twice with 200 ml of a 10% aqueous
solution of sodium hydrogensulfite and twice with 200 ml of
lon-exchanged water. After the organic layer was dried with anhydrous

magnesium sulfate, the solvent was removed by distillation under a
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nol es) of 5-(4-ethynyl phenoxy)i sophthalic acid
dichloride were added in small portions. After the
addi tion was conpl eted, the obtained m xture 25 was
stirred at -15C for 1 hour. Then, the tenperature was
adjusted at the roomtenperature, and the m xture was
stirred at the room 107 tenperature for 5 hours.

Then, the reaction fluid was added dropwi se as snal

re&iﬁ&ﬂ E}ésstugeﬂ’ h' Eﬁl ﬁ%necgj[n‘ctgé Onga V\éatVVerS gagee%f glr"lgea(.j brown

preci pitates were rie

criENZOXNARRL €8S 'seﬁafgﬁ%ar SOTLGORPRAST HY, £ w f%'eated by

repeating unit, urth repeating uni

exfﬁaﬁ:hﬁnﬁﬁﬁﬁahéﬁﬁlé" Qbing 8 K34 @}Eﬁ*a{:ﬁ‘)@d 0 @fﬁ’erbﬂ{éd%r% was

obt ai ned. The nunber-average nol ecul ar wel ght

rembee@myadmmatﬁmnzmmbﬂlmﬁjmwmse@ﬂcﬁﬁ&emlﬁgtn%eh%%l
usi ng GPC manufactured by TOSO Co., Ltd. and

anfloankighto ybHoB0s600 aiptesses@asobhtnval uFhef sohd substance
correspondi ng pol ystyrene. 10 Exanple 10 1)
se}Bl@éml ophimatiohavan dried an 607G naldegrauwpduced pressure for 1
Ih%\%}s Am no- 4- hydr oxyphenyl ) - 2,
dayrand ﬁpegﬁﬁﬁﬁwfﬂubdenée iatshtanpedninwas bt aarede(the
th tpe same procedures as those conducted in 15
1‘@ Exanpl e 8 2) Dicarboxylic acid conpound

ch %?%‘ S9atpSsic o7 gt byl i oy PR HrpeEatp kiwarmls enaky-
lsopgﬁg%gpﬁgﬁgy%%%EEYntheshiﬁg i n acco dance with the
S e R T T

Dimroth condenser and an inlet for nitrogen gas, 24.73 g (0.06 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

intermediate compound was obtained (the yield: 75%).
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and a dropping funnel was cooled at -30C in advance.
Into the cooled flask, 250 m of vinyl brom de and
20.3 g (0.058 noles) of 3-brono(1l,1'-biadamant ane)
were placed and, then, 6.0 g (0.022 noles) of 25
al um num brom de was added in small portions under
stirring. The reaction was allowed to proceed -30C at
for 1 hour. The obtained 108 reaction m xture was
3-24b6) utSyechthiekls 3BQAipbtaebiurBt By enRy S PR S8GASH htBhPWeY (the
added dropw se into 2 liters of a 2% aqueous sol ution
fifdf inthyaedoiteavimpeanidl. The organic | ayer was
separated, and the agueous |ayer was treated by
ext fat & dnlitdwr ez plargsshaipeld fedkhyl5Enmlaiflborthdel adfel753 g
organic | ayer and the extracts were conbi ned and
(0.3 swelps) itcrotgisshmp ooy dueidst (85%Yoveeneeplisedolamtli potaskium
a%?[ chloric acid, twice with 200 ml _of ion-exchanged
hydeaxdde grap digpelvedibyhhetongnder she seflasing eoniditipon 39 the

di hl.ori h ic | \ dri i th
ob G35t gl i SUFF apilesFid dmouit! Gels ocmotronys
kstill i d 1 d : d
mebyho oot Rt isBbuhalale | FHSE08 PP BLrisnetheeatour
| crude pro > , ! '
indSHASHATARR A bl 090 TS oo AL e Dheptos
undPtid roocHe i ioR thf S¥fRRN Fhe helultQnf B Pl EShas

of potassiumtert-butoxi was adde

codlEAPE L@t 1k HatThen@hha if@ﬁﬂ% $ ghkgt b RWURS %éﬁair%éjﬂ 133% fﬁl}pfagion.

the room tenperature for ays. The obtal ne n

Thuesbtalesd dvktaledvae iv2B0dmwRE WRI0RN1CHE GEdH8pancl,
and slowy added dropwise into 2 liters of ice matgr.

sepratad panfiltrhiayerandadriedptr 8080, uralke 4 RedacHELpYSssure, and
| ayer was treated by extraction wth nethyl ene
13 &l wef g fifthantegaediate cappouaddvahebamiheditte yelde 97%).
conbi ned and washed 5 tinmes with 200 ni of 20
3% 6h- exenthrpas ohtf4 ety arldehaoxyistodthiliof acd Hgueosisth
. .sol ution of
intermediate ~compound) from dipotassium  5-(4-ethynyl)phenoxy-
isophthalate
Dipotassium 5-(4-ethynyl)phenoxyisophthalate obtained above as
the fifth intermediate compound in an amount of 7.17 g (0.02 moles) was
dissolved into 40 ml of ion-exchanged water, and insoluble components
were removed by passing through a 5C 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
1on-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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sodi um chl oride. The organic |ayer was dried with
anhydrous magnesium sul fate. The sol vent was renoved
by distillation under a reduced pressure, and a crude
product was obtained. The crude product was purified
with silica gel (90% hexane/ net hyl ene chl oride), and
25 3-ethynyl (1, 1" - bi adamant ane) was obt ai ned (the
yield: 61%. 2-2) Synthesis of

-[.3- (1157 - bi ad h [ ht hal i id 109
5*gﬁ%ﬁ¢gypagenéﬁggggﬁﬁﬁﬂgg%ﬁaagnZokéagtédai%Caiggrdance
it { { ' t h
e N

Dif{fh ! 0gHe R D o 23 X0 kA mbled) | B8RS thy BEHFRbnoxy-

nyl(l,lg-b amant ane) synthesi

isophthakes aesedad NP agktRl inphienddiacst ¥(Llﬁp8uH§,e_dld)(§] ml of
anple 2. 3) Preparation of a benzoxazole resin

1, PirtlewRthdRe 988CEI @O0TRMEeRIUE thethriy) GI6AHIMGE 8.0 me
with the same procedures as those conducted in 3) of

(0.B968P nwolds)exftte pithiyhah mdniutchben A0 chi@pds dlereplafedaand the
benzoxazol e resin precursor, 52.3 g (0.09 nol es) of
re@ylanti s(i8twwi was-dedtedroxdghgmy k¢fl@xing condition for 3 hours.
7-di phenyl et hynyl f| uorene obtai ned above was used in
Thg|cdhdairsid ilutiog was OYened sz thohot canditivgs- ddiethe solution
hydroxyphenylLadan&ntane used_ in Exanple 1 and 49.5 g
wagQ cangepiteytegds bysremoyimg the psodviemfanmaes) 2. xadveed aprassure,
aci d.dichloride was used,in place_of 15 20,3 (0.120 .
re%ﬁf@lﬂaﬁl 1PR O RE M el byl haganted he Eapch solid
and a nzpxazol e resin precursor S t ai ped. :
sulgBi s ML 13090 ETh e RESGHES WY i Tuhet & broduct
bt;al - ' ' r.sor obt ai o
A RSP ST R 50 P89 o o
(thfe%HEHiM%%)‘? 21, 000 expressed as the val ue of
4) Preparation of a benzoxazole resin precursor
Under the stream of nitrogen gas, 15.2 g (0.03 moles) of
1,9-bis(3-amino-4-hydroxyphenyDtetramantane, 20.9 g (0.03 moles) of
9,9-bis(3-amino-4-hydroxyphenyl)-2,7-adamantylethynylfluorene and 11.4
g (0.03 moles) of 9,9-bis(3-amino-4-hydroxyphenyl) fluorene 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-adamantanedicarboxylic 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 adjusted at

the room temperature, and the mixture was stirred at the room
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20 correspondi ng pol ystyrene. Exanple 11 1) Synthesis
of a bi sam nophenol having the di anondoid structure 3,
3"-bi s-4-(4- Am no- 3- hydr oxyphenoxy) phenyl ]

-1,1',1",1"" -tetraadam 25 antane was obtained in
accordance with the followng 5 steps. 1-1) Synthesis
of 1,1',1",1"' -tetraadamantane 110

1,1 ,1", 1" Tetraadamant ane was synt hesi zed in

o BRERURSS: ey %ﬁe Serorid KD S A dropwise as
n%&gﬁﬂt)ﬂ& etslfld h?#fg BP&lS?ﬂ d water, The fogg)@drﬁrecipitates were

YOITDt raadarran ane toa

coll Q4bd nesketlibd, aﬁhdeg Uh PR 2 9b 16Ny %(’)% hﬁe@ﬁ?@(}re %mﬁrising the

stirrer and a reflux condenser, car

t
th%lﬁalgaggﬁhgggﬁgg &gﬁgﬂa?gﬂb xs'é rfagﬁe%s {Iﬁiteasﬂd ehe BEOIHIR A MBIPunit

whicH ard raddo®ily dagdas@pianshtabial. n ed above was added in
smal|l portions wunder stirring. The tenperature at the

i nsTie afumber-hivasdgeramokepiaat walzht0 (Vn)3QUE dHEI BBtained
the addition. After the addition was conpleted and the
bertwuaplomesin phecurenpevat vbtainedsesingt 6&C eashifriwas! by

all owed to proceed for further 1 hour. Then, the
&9-oritsh st vagafounttidd han26, ¥ KbexpEased s the callde of
wat er, _.and T crude product was separated by
corpsRRing PolyR¥KERE- with pure water and dried. The
obt ai ned crude product was 15 recrystallized from hot
et hanol . The obtained product of recrystallization
i~ed under a reduced pressure, and 31.8 g of a
Exﬂ%%gg v was obt ai ned. Wen the obtained product was

D SRE RBP4 Bt 4%l Vel "ond the

nol 9 ShA(3- A‘Qﬁirﬂph g@%m@%&é&ﬂpz bﬁdﬁ)%%nﬂet&lg}ﬁymérene was

anal ysis. Therefor
obtained in accordance with the same procedures as those conducted in

3-1) of Example 8.
2) Dicarboxylic acid compound having the diamondoid structure and a
functional group

5-[3-(1,7’-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 cooled
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 to proceed -30°C at for 1 hour. The obtained
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20 shomn that t he product was 3 3 -dibronp 1, 1',
1' 1 '-tetraadamant ane. 1-3) Synthe3|s of

3,3"" -bis(4-hydroxyphenyl)-1,1",1",1""'-tetraadanant ane
A 500 m five-necked fl ask equipped with a
thernmonmeter, 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 uti on of

TRl 5 8 ot T 0B L
A, A g i 5 L SPGB
hy@FHHIBHE 44k Pr g d g %tfr[ g éa?r Qg.g% pgmh%g Sd" ﬁhg nz%chtéeous

m xture was stirre S an

Iasfe%aﬁ&é %a\ﬁ@é b dxOVRd 1P R G 8RS YAHE Ind1&: ﬂ%kﬁb]{lﬁgc The

hours. “The reaction product was p

orgaIQ@Qairélt gha thk Agralits wae MAksihedSadd Wsh%ﬁ%ﬁt@@ W1th 200
nelted, an organic |ayer was taken out, washed wt

mlpof & Z%aa@ﬁecam selus Al bﬁtl@ﬂraﬂﬂ@ﬂdsacﬁm vii@Nwefh Q@@' W of
chl oride and poured into nmethanol to separate a

lorpenchmigedThetebtaidcheédiqr edulet20snldof eth agndens &olution of
reduced pressure, and 12.7 g of a product was

sodipmai whtbridthen Tie obianiedlayeodweds wdsiedx anithe danliybrous
absor pti on of 10 hydroxyl group was found at 3,550 to

magnespugnfdliate. ¢ thhe Rokyezity wias, remaved thy didtdtatien under a

%@%&r&\é\gs qfl%u to E 7%%4?25 gass anal ysi s.
re ur t was

- b| %Sf Oxﬁgﬂﬂﬁl %k Egt&sppggm:ﬂ& i% tgertgometer a
SR o TS Do ot
of Hﬁjngﬁ)ylogulﬁ)x:fde 5’1‘1&(341 LD (LY m(t)les) oi(') B?%asl’stleudﬂbt)?r?RgtOHdG

phenyl”) aadamant ane

wafseeﬁﬁﬁdeﬂt @B@ rt@bi'rp ﬂén?ferath?@ alpgy %b‘%ﬁﬁ%ﬁj g&lﬁﬁo 38ug Birred

(0. 146 noles) of 3-fluoro-6-nitrophenyl enzy
at the room temperature for 3 days. The obtained solution was then

diluted with 250 ml of methylene chloride and slowly added dropwise into
2 liters of ice water. The organic layer was separated, and the agueous
layer was treated by extraction with methylene chloride. The organic
layer and the extracts were combined and washed 5 times with 200 ml of
lon-exchanged water and once with 200 ml of an aqueous solution of
sodium chloride. ~ The organic layer was dried with anhydrous
magnesium sulfate. The solvent was removed by distillation under a
reduced pressure, and a crude product was obtained. The crude product
was purified with silica gel (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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ether and 300 m of N, N-dinethylformam de, 42.1 g
(0.304 noles) of 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 dropwi se to 2,000 m of
i on- exchanged water. The separated solid substance
was washed twice with 2000 ml of nethanol and dried at
dﬂgﬁg.dunder a reduced pressure for 2 days, and 129.3 g
348" _bi s[ (3-benzyl oxy- 25

4- ni 2 [ ]t mant bt.ai .
oo REIRE PR LGB RhRSAA Ee  ge
- . t 00. 1 d. .
ol 45 BRCOLAMR 88 oS Sh AR eSO GRS

haviiahy fa%ﬁ_t)ﬁapdgxwﬁbﬁl 13-BY8td @-Eﬁ%f”E§§n%€| %’ﬁ%}ﬁ:’ept that

Therefore, it was shown that the product

3-cthyasl(1cmadiadantaie) SyRIHWRSIA Y 2-1) was used in place of
3,3"" -bi s[4-(4-am no- 3-hydroxyphenoxy) phenyl]- 5

phénglacétyldnie usell nadiamaplealle Under the at nosphere of
hydrogen, 104.6 g (0.0888 noles) of 3,

3) 3'Prepasfti®@ béadbehanyazblairesinpghrenerspyphenyl |
-1,1',1", 1" -tetraadamant ane obt ai ned above, 4.96 g
(4. Bhenmasiagiionf wal0vpdnttadi um amcovdandearendl tlandsame
300 mM of N, N-dinethylformapi de were stirred at the

Procsairad asehprscacondudterd By M oufr Exapmlerl taxsepedbat.om the
quig.mas filtered, %Fe filtrate was added dropw se

Preparatign, of 2 Benzpezale sesigePRaABCORNA28 @d0.0d meles) of

0,4 BB AR RSl aaoR 4 T Ben el buRi i "o86 npbbpined
B OB, 898 ) T SHE AR L
hyéf&gﬁ)glggyﬂaﬁgll%rﬁagg utgé)?éf’n\?ﬁ gggﬁ%ﬁefl'aﬁq‘%@.é %e%qu mole) of

obt pro e absorptio

5-[B¥(Q! Pibia MAmERt AMOURYRE S1RUAL d28icBIFi4 O Was uBEMNiAMace of
t he absorption of proton 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 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’,1%,1”-tetraadam

antane was obtained in accordance with the following 5 steps.

1-1) Synthesis of 1,1’,17,1”-tetraadamantane
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NH2 group was found at 4 to 4.5 ppmin the NWR

anal ysis, and the nolecular weight was found to be
937 in the mass analysis. Therefore, it 20 was shown
that the product was 3,3"'-bis-[4-(4-am no-

3- hydr oxyphenoxy) -

phenyl]-1,1",1",1""' -tetraadamantane. 2) Synthesis of
a di carboxylic acid having the dianondoid structure

was 1Bk o naE R e et Aok o R e with the
- t | f :
el SRR ik SRSk Breppinis, Japap, Yab o 177

(2@@9En1 five-necked flask equi pped with a thernoneter,
a stirrer, 113 a reflux condenser, an inlet for

1-9) { SoaRkSasr 900t dbbharas Rl afonnect ed to a trap

contai ning a 30% by wei ght aqueous sol ution of sodium

hydiaxd de50aSmt dehLdebke P dske I
flask, 15.3 g (0. 025 ral esﬁi)Sko?@lﬁtP%ed Wih bh&herBBEer, a

stiBréd” Andi drofhox loohidehbed, " 200 @bl sRdarui a8 atRlodideednd Mo ¢
5 accordance with the same procedures as those

(0.068duniles) iofi Hrdirendvdre?)plaafd, ExadpBe. 71l @ABMmels) of
br onbbenzene and 2.6 (0.01 nole) of alum num

1LY A7 gr otetereadmmentange @gtaiﬁhd algsiel waust added unesmaB portions
stirred at OC for 6 hours and, then, the reaction was

ungey stieEnge Jrscleaaprensdure b the pepide of 6beflask wankapsat 20

g eaction product was poured jnto 2,000 liters of
to }33 Qﬁweg i e ng]é%qn- Afdter the addatipn| wagl completedamnd the

G BB SRR S o
j [, 1 t duct,. ,Th
TonfERCE, 4 el TORa® 3pR O R S PR il it abput 500

t Al 15 th
(ook? aiptfe X R hotiiee w88 REAEHeg Y B GpBY pashed
with OpRr¥asy{te¥nG Rl afel!t 69Phd 0oBLAnCHt Lrlfet tf)?‘ohgct was

anal ysis, the content
recrystallized from hot ethanol. The obtained product of recrystallization

was dried under a reduced pressure, and 31.8 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~! in the IR analysis, and the molecular
weight was found to be 697 in the mass analysis. 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 fivernecked 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, 15.3 g

(0.022 moles) of 3,3”-dibromo-1,1,17,1”tetraadamantane obtained above,
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of Br was 18.8%in the elenental analysis, and the

nol ecul ar wei ght was found to be 849 in the nass

anal ysis. Therefore, it was shown that the product

was

3,3"" -bis(4-bronmophenyl)-1,1",1",1"" -t et raadamant ane.

20 2-2) Synthesis of

3,3"" -bis(4-carboxyphenyl)-1,1",1",1""' -tetraadanant ane
ed with a

l i f 5 fl ask [
20Dt S atisno g BTt Bl metetof bfubiRuen e romade rere
d d.68.8 0. 081. I
w1 e grhps gbiye ot o B oo mmna e
nSSALAEA Dl AREPLLGubUE LRRIEE 1085 DR .
THY $848Kd T prdduds Svddd plaPedneP)2 00 I el RGHID KR Gater.
m of dry ether was added in sma portions under
Afsdd fKd @ mUEid, T ob SAWiRTIaLEF v (410G bag) %sgéd €h pure

flask was kept at 10C or lower during the addition.

wahbt emnd hesaddhtddaguRsus FoRkes:e b apdithe celoeiR! bR Sfured
the tenperature ceased, the reaction was allowed to

infor oosgbdnbbrtofaepalate i phalictby Theadhiagned qrodube was dried
refluxing condition. Then, the reaction fluid 5 was
unden pagduged@ pFespure, 38d Ml 2g)of of produshechsdiyaimee, and
the extraction wth a 5% solution of potassium
hy dVBhe e thea soliairet t Repdatct ewaso exaimineds .thBy absorption of
dj usting the filtéate to an acidic condition with
hy%ygcgﬂogpi Wa%é?‘éll} at 3,550 to 3,200 cm~! in the IR analysis, and

 th ol R PERR) WhorioGel,dpabed 1By 7l Ehby Riges analyeis.

' re wgter,.10 and dried.,, Jhe. obtained
Th\(@?%ﬂég&pw&gg%t% H\%ﬁvél\ﬂ%fﬁ i ?l}eeercbcﬁm?e“é?@g’t%l S}sggik}yélﬁoxm}&ﬁﬁyl)-
1.79¢ 1ethapoly ﬁgggté}@ ai ned solid substance was dried

under a reduced pressure, and 36.6 g of a product was

1-Hbt aigyedhédibe ofi %,g’?’-b?%-ben%Qngg;g %ﬁ@%g%&gﬂ%ga

was exam ned, the absorption of tCar
adwasintegad at about 1,710 cm1l to 1,680 cml1 in the IR
anal ysis, 15 and the nol ecul ar wei ght was fount to be

779Tora bhltitassorp@hiyg 88.2 g (0.122 moles) of 3,3”-bis(4-hydroxy-
phenyl)-1,1°,1”,1”tetraadamantane 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 m! 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 8,37-bis[(3-benzyloxy-
4-nitrophenoxy)phenylltetraadamantane was obtained.

When the obtained product was examined, the absorption of nitro
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Therefore, it was shown that the product was the

obj ect conpound. 2-3) Synthesis of

3,3""-(1,1',1",1"" -tetraadanant ane) - bi s(4-benzoic acid
dichloride) Into a 500 m four-necked flask equi pped
with a thernoneter and a 20 Dinroth condenser, 27.3 g
(0.035 noles) of 3,3"'-bis(4-carboxyphenyl)-
1,1',1",1"tetraadamant ane synt hesi zed above, 100 m of

graug v fhnid at efbband, 5080 tmd 4«44 Q737 0Be3)inOfhd i WMy sis,
chloride and 8.0 ng (0.00035 noles) of

anglr Plet hydlanvisni weidiensyk Dbdr iddewengspimerd, mans aladysis,
resultant mxture was heated under the refl uxing

Thegeigire. i6rwdosh@vhdébas thapeodEtsoduthoobjeascimpbendd in
the hot condition, After the solution was

I-®oncentyathegiunddr 8,9 cbisdd4pmobmusdiydroxyphenoxy)phenyll-
.egrystallization was conducted 115 by addi ng hexane.

L *t]reJobJEeéF%%‘ia@@PF%P%ubst ance was dried under a

d , d 19 f d
bt A 6 oA e aph du b Bec LA &x f-s$fe%,mple@) of
b i on. qf _acid chlorid ) {

i LG N R e i D TS T B O (A
i f b 6 i .h
A5 8, 685 S0, AT 05, i g
anforgepungd) Was Nbﬁ-di%?étﬁgifofﬁ%ﬁﬂgdw@e. FL6Rag at kog}&of & m

&bnltct &Y

benzoxazol e resin precursor € reacti on was

tethPeAAHRE ORRCEE6Whbhrd he
ecgﬁduct ed in 3) g]?rgaaﬁp&?getfleéggg%?&?ﬁfgtﬁﬁsivﬁ% E{g&ﬁ%d, the

ﬁlﬂé&g‘aﬁgﬁaata}dma)doﬂl;@ﬂﬁ@él1@@@&@1&&:&* FOPHR G & hart athd92, 000
. nol es) o
mi3oB'ioneixehdngett amiteo- 3-Thed foroy pd esudity spbetutck- dak whshed
1"' -tetraadamantan e obtai ned by repeating the above
thigeodewerwithnasnireddsilvept af €00fmB bf Snetha(d]l GHdRJ08S) ml of
. of 1, 3-bis(3-am ng-4-hydr ox%phenyl ) adamant ane used in
lon-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
NHjy 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 3,3”-bis-[4-(4-amino-3-hydroxyphenoxy)-
phenyll-1,1’,1”,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 5 steps.

2-1) Synthesis of 3,3”’-bis(4-bromophenyl)-1,1’,1”,1”"tetraadamantane

A 500 ml five-necked flask equipped with a thermometer, a stirrer,
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15 Exanple 1 and 81.6 g (0.1 nole) of
3,3""-(1,1',1",1'I |l . tetraadamant ane) - bi s(4-benzoic
acid dichloride) obtained by repeating the above
procedures was used in place of 20.3 g (0.10 nole) of
I sophthalic acid dichloride used in Exanple 1, and a
benzoxazol e resin precursor was obtained. The
nunber - aver age nol ecul ar wei ght (Wnh) of the obtained

* RRARACERREE By STOBPCIO! EitpStin s Aed Hond e pive
corég?g?ngay ?3(; Pf{s ec%%e( g(l;{%&%}rggtg\zlg | g?" O%Xt ﬁrg.igrlgts gn%%gl)gg solution of
soBaAT08060%% S PRRHTY BRYLHatl'® FhBTREUGbM A flask, 15.3 ¢

(0.0&2“%61%)’PJ}efs\,/é’%glbl%m&fii]ﬁ,"l"’ "lt’et%egc?}?%%}ﬁghﬁ}\ge \;}?Dzsisl}ed in

obtai ned i n accordance w t he

acdorBhnd¥ W ABShE Hme pPocedireh 3"HOSE cond in 1- -
- 4- hydr oxlyphenyl )n-ll,p%p(,: 1,1 -St etra c-onaalgtr?gn%na%el)Sand 1-2)

of Bxaenile500 200 h of braakBshidmasia®ad PR 1WMbR) 3f aluminum
thernometer, a stirrer and a refl ux condenser, 200 nli

tripforbddermiers)plated 2DRe aqueloast nsigbutd MasOftiftelrdICORTiEr 6
was placed, and 79.5 g (0.11 noles) of 1, 3-bis(4-

hohysi ragxly pheny |the Ivelctivh, whs-d4lldwehdanprcasd whleai heting at
accordance with the same procedures as those

6086 rfguct deurs EXhepeaction\erodadtedhs powteds matol 2000t liters of
under vigorous stirring. The tenperature at the inside

aCKKHC 16 &V FiPhs k‘iﬁé§ thgpice gnedtgd; gn3oxzanie ilager mas taken out,
a?lditio%h Af t er %headitio V\%corrplete and the _

washglatith POy Hatee A 2 aruvabed ciflueons FlBEionoAl spdim

|} to prqgceed for, further 1 hour. Then, the .

e P R Bl R sl ol Fenpen b mroaaat.m 1ot obppiaed

prm&rwaér&gie‘aﬂ GHHEE 2 RQPYER pi8&sure, 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 3,37-bis(4-bromophenyl)-1,1’,1”,1”-tetraadamantane.

2-2) Synthesis of 3,3”-bis(4-carboxyphenyD)-1,1°,1”,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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15 separated by filtration, washed with pure water and
dried. The obtained crude product was recrystallized
from hot ethanol. The obtai ned product of
recrystallization was dried under a reduced pressure,
and 71.5 g of a product was obtained. Wen the
obt ai ned product was exam ned, the absorption of nitro
20 group was found at about 1,500 cm1 and 1,370 cm1

e e B Ho i ST e 0fa Bedecle e Gt at ek opoleren during
Ry %%efﬁ{%%&if@%%c&fa%’%%ﬁnlsf%daaaéréﬁ” algation of the
torgf BTG odtpor; Yhg el ol iR VPR o rpekter 1
hoB? myoﬂgﬁfiﬁ% d%%@ftﬁ@géﬂ&%%ﬁ cir{*ﬁohhem[ﬁe%ﬁg reaciz%&?ﬁlmd

hi trogén

Wé%f @ul“e‘anﬁ@@tZ%gé gd 3hyuees h(gfo&‘u“shéa' &jrgaﬂ% O?agzilmché)fextsactlon

ano wer e aced and, 't hen,
Wlﬂﬁ 3, 8% Bltidi3- %)b@assmm hydrox1de was conducted after 30
- 4- hydr oxyphenyl ) - 1""-tetra- adamant ane

mialitéed. nedBaboavduseiagadtied fuegge <bi rad ngde: t kdditiB8 with
added 5 conpound floated on the fluid. To the

- hydesuhltviEat amdst 3 & -bis(dahubigmpheoyllal Ned”,bY-tdissdavinetane

15 g of tin(ll) chloride dihydrate into 20 m of
wast bratdpitakest, dbeud saparatednpe fidtrationofwBd@dowitloperre water
over. 1 hour. After. 12 hours, the fornmed crystals were
angdehapdt eqhpyohtpinadaeiuste mrpduct mwuanﬂeldzbﬂ reenystallization
ed soj ution et hanol yd ochlorlc acid. 10
fwﬁh:h 3#%@1 hy@L@cﬂbWP% %Ogvf stanagr SYap; daiag ninder a
r, recr rom thanol d.drj under a
red el SREL L 90 abh Plgduft gfaﬁr@%aaed &3@ yield: 58%).
W}? %h@e(gjbta Of%ecp ggggpwsngxarg{fe% the'& sorp ) OP carboxyhc

absorption
acid group was found at about 1,710 cm~! to 1,680 cm~! in the IR analysis,

and the molecular weight was fount to be 779 in the mass analysis.
Therefore, it was shown that the product was the object compound.

2-3)  Synthesis of 3,37-(1,1,1”,1"-tetraadamantane)-bis(4-benzoic acid
dichloride)

Into a 500 ml four-necked flask equipped with a thermometer and a 7
Dimroth condenser, 27.3 g (0.035 moles) of 3,3”-bis(4-carboxyphenyl)-
1,1,1",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

115



10 .

15

20

25

of OH group was found at 8.8 to 9.5 ppm and the
absorption of proton of 15 NH2 group was found at 4

to 4.5 ppmin the NVR anal ysis, and the nol ecul ar

wei ght was found to be 753 in the mass anal ysi s.
Therefore, it was shown that the product was 3,

3""' - bi s(3-am no- 4- hydr oxyphenyl ) -
1,1',1",1"tetraadamant ane. 2) Synthesis of a

di ¢carboxylic acig haying the .diampndoid structure 20

by za mgbi"?f‘ﬂcp?ﬂ- Eg%aéwﬁsho%%rﬁgﬁv?ﬁmﬁ Fras)dried qundeg a

o FRRS 5. 150, B GRL E5shd s spnes i th the

et Vb AR HRRAT RS R e b sorp b e

( ution containrng
acidPLERy iR g§01§%w% SoAnAYSE Wit 2B15 to 1785 em-! in the IR

i ]
phenyl)-1,1", '-tetraadamantane synthesized in

ABGY, JARE ahel LiblbhBar SRERHT RASHHLSA 85 BB8IE i
anc%ﬁducted in Exanplgrllgﬁ%5.4 g (0. 146 nol§§$ g%thflgwms

anfiBishy| Phdetrebenneat shdrd thd0 thk dbtained compound was the
N, N-di net hyl formam de, 42.1 g (0.304 nol es) of

objpot eanpoundar bonat e was added. After the obtained _
m xture was stirred at 135C for 12 hours, the reaction
3) f Pueplhnsdmorf of 4 bendoxazbherdsih pre¢wersnas added dr opwi se
to 2,000 m of ion-exchanged water. The 5 forned solid
subThanceagkien waeredeendugedii th Rcoo8lanceofwitht Hieol same

an dried at 50C under a reduced pressure for 2 days,
ProgReuLRs gsgt}&se gqnc’gmte%ilg 3) of Example 1 except that, in the

prenprgt 04 4 oA PR ProRE SOy X e (Mg mmoles) of
5 e B AT eS8 P by
PRy P o 20 SIGLTRLSE AL ol O 1.5 o
(0.9@SnRNOPN drhats-bhes abt Ronedy PSRNy RS a bl QBk e Ghed in
Example 1 and 81.6 g (0.1 mole) of 3,37-(1,1’,1",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 poljrstyrene.
Example 12

1) Synthesis of a bisaminophenol compound having the diamondoid

structure
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conmpound. 2-2) Synthesis of
3,3""-(1,1',1",1"" -t etraadamant ane) bi s(4- phenoxy-4- 15
benzoic acid dipotassiumsalt) Into a5 liter
four-necked flask equi pped with a thernoneter, a
Di nroth condenser and a stirrer, 3 liters of n-butanol
and 180 g (2.72 noles) of potassi um hydroxide (85%
were placed, and potassium hydroxi de was dissol ved by
heatd, 3§ bus(@eA nti he- 4+ ki droxiyphenphdi, Ui Bt - Tetrh h@a@@ntane was
obt ai ned sol ution, 269.6 g (0.272 noles) of
obgaiged-ipj ajcovdaymebuithribeHyllowphe bor stedrenyl -1, 1', 1",
"' -tetraadamant ane obtaj ned by repeating the above
1-br oceduntiesias cadded), "hasld niteo-ddwidromywhenylt-ir B, 1idS tetra-
heat ed under the refluxing condition for 30 m nutes.
adfMAYEEG| tant m xture was cooled in an ice bath, and

R R T O
sofP3RY. S 59p Pl RO LSEE A SHRS] I o
oL GBS VR UL T S ORIl § e
A e T A

th@nehnk 161586 BErélsahs Who8H leo@Si U g E%@ﬁlequ%taﬁgamgd in

mass 5 anal ysis. Therefore, it was sho t hat

sriibgoetionBandeB vigokols sbirrihg. The temperature at the inside of
t et raadanmant ane) bi s(4- phenoxy- 4- benzoi-c acid

theliflaskasas keps altt)0 t@385C Jurimeshs adidition. After the addition
3,3""(1,1",1",1 "' -tetraadamant ane) bi s(4- phenoxy- 4-

waseentopeted iagrddileh eleviatiey ¢fthe teripbratere feonsed)aticetbaction
flask equi pped with a thernoneter, a 10 Dinroth

W@oﬁﬂ@ﬁggrt%n@pcaeétﬁor rigrthexad Imowy. ( Tlen, nidleesdacdion product

WaRobp W, BRRYDB90AmIREenls Watit A cnerule product was
sexgaiu%%g %%rl tlillﬂ'gt?(l)rtl,)wgsp}txead Qv?ﬂl 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 71.5 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~1! 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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above and 600 ml of 1,2-dichloroethane were pl aced,

and the resultant mxture was cooled at 0C. To the

cool ed m xture, 391 g (4.5 noles) of thionyl chloride

was added dropw se at 5C or | ower over 1 hour. Then, 4

15 mM of dinethylformam de and 4 g of hydroqui none

wer e added, and the obtained m xture was stirred at

45 to 50C for 3 hours. After the reaction m xture was
Diffretiedonfiensardakd Yst Bilst M €itERRA 8dLDPMIfdf 4 EdtdedRrated

and washed with 150 m of chloroform The filtrate and
hytiheehlasbi agd 4hdi 2D wel of cahhbbdvandpheadenid,atieeh,al7.1 g

40C or | ower under a reduced 20 pressure. The obtai ned
(0.02%i dumoleas t ofat &3t his8-riyroetthydeoxygrherylh1 2007, 1ittetra-

of diethyl ether. Diethyl ether was renoved fromthe
adamardene pptaiosk pboer o addist vwaderdticegpseshat ehe anded

a crude_product of a semsaolid substance was

corgppanfetioatese ogr the Bwdducto vide wesHEantnimxturd, ed solution
-h dr tall] i et hyl _ether, and
ob%}ggéﬂg}?dﬁgsz@rfl%%r X% § 0 1:11?1 I; rc%%rqtlig &%ydsateegntoaSO ml of

e R T LR

'IZgg{logirgedt}&r ogoli"%e&'\a ﬁl{kgséggéﬂvﬁgreat Qee aarg &ig%igo&g%ﬁt%cgg and

chl ori de group t ou

rec?rgﬁﬂaéiiﬁed I'EOI%[RS Ogﬁ%d’ S%qo?uti@ﬁ doft DEndMRI1GHA %ymipﬁfb&ic\'\%?id.

to be In the nass analysis. ererore, |

Theash &R h ddleh1 1O ARIWEIhPARAVESd Wadh H8er, 3eORisBSHized

conpound. 3) Preparation of a benzoxazole resin

fropt @EhuSs1rarid arfeaa@ﬁa&na%au@@pﬁwés@@e,i An@AL0T ¢afCLproduct
with the sanme procedures as those conducted in 3) of

wastpiredl except that, in the preparation of a
benzoxazol e resin precursor, 73.2 g (0.09 noles) of 10
3, 3Whdn tligobtdined product was examined, the absorption of proton

- 4- hydr oxyphenyl )-1,1',1",1""' -t et raadanant ane obt ai ned
of OH group was found at 8.8 to 9.5 ppm and the absorption 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 753 in the mass analysis. Therefore, it
was shown that the product was 3,3”-bis(3-amino-4-hydroxyphenyl)-
1,1’,17,1”-tetraadamantane. |
2) Synthesis of a dicarboxylic acid having the diamondoid structure
3,3”-bis[4-(4-Carboxyphenoxy)phenyll-1,1’,1”,1”-tetraadamantane
was synthesized in accordance with the following 3 steps.
2-1)  Synthesis of 3,3”-bis[(4-carboxymethylphenoxy)phenyll-1,1°,1”,1-
tetraadamantane
To a solution containing 88.2 g (0.122 moles) of 3,3”-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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by repeating the above procedures was used in place of
31.5 g (0.09 noles) of
1, 3- bi s(3-am no- 4- hydr oxyphenyl ) adanant ane used in
Exanple 1 and 100.0 g (0.1 nole) of
3,3""-(1,1',1",1"" -tetraadamant ane) bi s(4- phenoxy- 4-
benzoi ¢ acid dichloride) obtained above was used in
pl ace of 20.3 g (0.10 15 nole) of isophthalic acid
méhsM| ObidlacksRtbdtd @ BYeml, o NINAI RENHOXRE 'a%aid]%?%ﬂzf‘l g
precursor was obtained. The nunber-average nol ecul ar
(0:80dghtolédhdf qfothbduablearh®shtebensosddod e NE&Nthe obtained
precursor was obtai ned using GPC nanufactured by TGOSO
mBdure tad. staredd viaisl 3B Anfbrt I heudd tB0Geaxpicoe TRAH Wwss fillRred.
val ue of 20 correspondi ng pol ystyrene. Exanple 13 1)
Theyfiltthetsi wapadded dropivish en@008ns) of mmexclGGed water. The
four-necked flask equipped with a thernoneter, a 25
forgpeq sahd vpstanesr wag wathrshtwice with 3,000. 121 wbnesthaabl and

sadi um al gnd 200 . mM of n-octane were placed, and
dr{el%e atteﬁﬁngéatlﬂa%ra? rscpdspemresyre t o I doks, apd R8sY g of

00l t .0C. | h |.ed . 28.7 0.1 I
o 780 B SR S 3 e tanians
“Hggﬁﬁnce(yas slowy added dropw se under vi gorous

St )

r?}r%]eg. The tenperature at the inside of the flask

SSHEB e BRI 0 ALETn AEub of e

addition was conp

st RBLA WU LIRRRBLMabditE1 788GhLI 101 5 t@ﬁlslq{llt?l ¢ gtﬁ’al)s(rtsi[?r gnd

proceed for further 1 hour. Thén, e reaction m

thavamobsuilefl weightalest PAAdMto0beCObd V@t ehe AR nalysis.
crude product was separated by filtration, masﬁeg

Theiréforguite wed ehowid tlat ethe TheaipbHabaBgousfl UdGs PHIRA Whlect
was recrystallized from hot hexane. The obtai ned

coppouudt 10 of recrystallization was dried under a
reduced pressure, and 26.2 g of a

2-2) Synthesis of 3,87-(1,1,1”,T"-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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product was obtai ned. Wien the obtained product was
exam ned, the absorption of Br group (at about 690 to
515 cm 1) disappeared in the IR analysis, and the

nol ecul ar wei ght was found to be 375 in the nass

anal ysis. Therefore, it 15 was shown that the product
was 1,1'-bi (diamantane). 2) Synthesis of

6, 6" -di bronp-1, 1' - bi (di amant ane) The reacti on was

con ted,in accordance wth the sanme rocedures as
thogjgﬁ%n%’ﬁcfﬁ@lpﬁ PIOAUGE BS fERmInedy ta%tsﬁ%ﬂtl%.oi the

(0. 057, . mel.es) of 1..1'-hi(di amantane), s esi _
poffiesbdm il T8 6% csPhodic siras T dhnea (it §F5 emt
: C 0 wa
in A ARG B Ron BRI 47 B BB a0 clomental

RUY! f ng., at tg 515

B TRO TR AL e, BV 26tnd M K 200 s

aBais.N THerdTBsS iARAlY Shéwn KK Mrod 171
ant %1 the pr oduct  was 6, 6' 2di %?gﬁr%gquh%% g’ﬁl?émlé%é .’1
tet2hadimIpnahedis4afhenoxy-4-benzoic acid dipotassium salt).

6, 6' - bi s(3-am no-4- hydroxyphenyl)-1, "1' - bi (di amant ane)
2-Fhe racthiesis wals saidlicl'ely, 1" tee e od staca b biks(UthesaRp-4-

122 procedures as those conducted in 1) of Exanple 1
benxraiepicid Awhlarid® g (0. 057 noles) of

6, 6' -di bronp-1, 1' - bi (di amant ane) was used in place of

6. 4Intp a( B bter Firargckefl flagk digwippeddeithnt dberueatkten, a

1) of Exanple 1, and.
Digirgth k?Pl%a%B% #pd 4 pligresx 2hRdhgl P-24 molew); ¢fy3 eldt BAg)1™-

s, obtain [

in 3. 5 st . 4). f .
SR TSE Se B hs 1 B ey
4- i .
abijvd i BhO R Hich 2jdighlarogthanen ey iRtaed ¢ tbe arestant
. - | ' hth.a th :
SRR 54 AP E R HES R ED wbin o
thiRAYLENRrRRY Whi @0d8 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 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 1185 g of
3,3”-(1,1,17,1""-tetraadamantane)bis(4-phenoxy-4-benzoic acid dichloride)

was obtained.
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10 sulfuric acid was placed and cool ed at 0C. Under
vigorous stirring, several drops of formc acid and
1.74 g (0.327 mml) of 6,6 -di brono- 1,

1' - bi (di amant ane) di ssolved into 50 m of carbon
tetrachloride in advance were added. Then, 25 ml of a
98% form c acid was slowy added dropw se over 4
hours. 15 The reaction m xture was poured into about

500 of .cold water, .and a product s obt ai ned by
oxt VERER dhenpbiaTee Hrodiet atabexamyned thiabearivey ofythe

AP B S T K0 palfotan e 1
B S S
w0 A ek Sra 4 30 199 O0R 4256 S
: oThedarithih D72,
g OTBESTLL o ity S 8k, A4 FP e

obfRb¥emPeangodi um sul fate. Ether was renoved by
vaporization, and 1.1 g of a product was obtai ned.

3) WRgphheioRbahneezpk o£H6 rediapresardored, the absorption
of Br group (at about 690 to 515 cm 1) di sappeared

and Tihee wdastiont i was okon@bciedr higxyhdcor@ene WastH othrd 8dme
1720 to 1706 cm1 in the IR analysis, and the

promeideces ars wWeogghtomdscteduimd 3 cotbExdéfblenl tdxeeptighat, in the
anal ysis. Therefore, it 123 was shown that the

prepayalivn wasa 1banzdxagdleavesina mepewser,- ddcarddy09 anoles) of
q,pje,d. 4-2) 1,1 -bi(di an@r;t ane) -6, 6' -di carboxylic acid

3, i br(@emsioThdyeemstnhemylad lodndlidetnada mantongan obtained
with the sa rocedures as those conducted_in, 2-3)

by GEDE4TIRG (B APoxk ALBLCd A Wik west 5B {aseads d 6% moles)

of 1 3piR LA AERIRME Lot DR w85 T BRatiDRe' 1 fnd
N NI L A w—
beBRAL RId WMeIAbridBF oBtdifled 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 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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chl oride group was found at about 1815 to 1785 cm1 in o

the IR analysis, 10 and the nol ecul ar wei ght was
found to be 500 in the mass analysis. Therefore, it
was shown that the obtained conpound was the object
conmpound. 5) Preparation of a benzoxazole resin
precursor The reaction was conducted in accordance
with the sane 15 procedures as those conducted in 3)
of EX le 1 except that, in the preparation,o

f
Wise ot Pdsi n Precdhsorcoolsd dlask. (8660 gmol@e) ?mle) of
, 6' - bi s(3-,am no-4-h h [)-1, 1'-bi/(di t
1 G A Hove s 000 T 1 Hektae 38, SUbanE ogis. Sawly
I f. 1,.3-Pi s(.3-am no-4-hyd h |)- ad t .
adgggs&l%oﬁ%&% #%Tde%lri‘(lgﬁ%o%g?o%?rdn O.r %%ﬁe%‘ﬁ/?)gtg%c ?a?j;%a airr]lg1de
of ¢ I FSTRRL A 1 0°C, Bl 1B0RdTuff: ot Prgladifion

widdcRhpkfe@faml e Qlé\%t%o& gpjcl}?é g%%upg§z%g}%5 hahk& , A% action

di chloride used i n Exa zoxazol’e resin

wdd 80BweArtoVpoce@lt Bk NBgthelhe ML ErrMEr @RerdRERGY
wei ght (I\/h;/\@of the obtained 25 benzoxazol erresll%g1 hftkture

wH¥ pourabinwaabott Hoveehlust BeldCRGtERNMAGE UFede BtoddéSRas
Co., Ltd. and was found to be 20,000 expressed as the

sepataied dfy filtP4ticor washed diitig ppot weityr eme drigtanPhe obdained
1) Synthesis of 3,3'-bis(3-amno

crude hyethustywhe mytryetalbized fiom thettrleerettey | YFhéobtained product
1, 1' - bi agdamant ane 1-1) Synthesis of

of gegrystalbizatieprwastded pnder s sedweed: Rressune.oand 26.2 teof a.
egg pl ant-shaped flask, 9.8 g (0.4 noles) of magnesium

prwggﬁﬂﬁﬂﬁﬂgﬁﬂﬁﬁg-placed. Under the stream of nitrogen

.gas Wﬁgn ngheof)btained product was examined, the absorption of Br
group (at about 690 to 515 cm~1) disappeared in the IR analysis, and the
molecular weight was found to be 375 in the mass analysis. Therefore, it
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 except that 21.4 g
(0.057 moles) of 1,1-bi(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 690 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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di ethyl ether was added and stirred. Then, a solution

prepared by 10 dissolving 97.28 g (0.4 noles) of

3, 5-di et hyl - 1- bronbpadamantane into 40 mnl of diethyl

et her was added dropw se. After the addition was

conpleted, the resultant m xture was heated under the

ref | uxi ng condition for 30 m nutes. The tenperature
was adjust at e rqoom erature, and diethyl

prB?‘Fﬁéﬁ‘ Icé{l Psﬁefiénnl)eﬁ’ mgleal wacepmtts Il (0.057

RRL of %6 Dby Bur R Famab sl sinntge ihnplie00f f47 ¢
052t %2%9&2@2@%f8@&&da?ﬁ%§ﬁ%@gﬂﬁ?¥ﬂmﬁﬁ;ﬁfb?écefrggb 1, and
6 AR R A AP E b, Pt et obTained in 3

stddn- exchanged water and treated by extraction 20 with
i chl or onet hane using a separation funnel. The sol vent

4) WSS thesB\ed | F%l&ﬁ&ﬁfhlﬁﬁﬁ@pﬁg Nicar ggﬁﬁlﬁg ?1}:1% d{%]cﬁﬁ;rlde

di ssol ved i nto 40 of hexane an

4-BecSyeness v 111’ bﬂala&hhh%cg% G’C&ﬂ:&fﬁb ?1%1 Ut oor aphy
(the sol vent of devel oprment : hexane) e solvent was

r embred auS0d gnhiowrapatal diask 1§9e& Owfhok thermometer, a
3,3 ,5 5 -tetranethyl 25 1, 1'-bi adamant ane was

Stlbtﬁl"aﬂndda( réftuy icedendéerd) 100i mb &ft 1eod®B| agubais WRUIH of
was, 327 in the mass analysis, it was shown that the
sufppiguetidvirgs nizsed rndispeled ebrff6lLind . Udded) visorbheSitsring,

i brgno-5,5",7,7 -tetranet hyl -1,
Se‘?rag d?r&aﬁafhf{ émq At anéob T gegg‘am anmahafed,6FHakmo-
2
1 ]3%%(% ’%éggﬁ‘%% éﬁ%ﬁ%d 11nfo_ 50, daheeft £asbemt @aftnedﬂabdee in
adé%ice“%aﬁé“%ﬁda@ oTEPBAZS Tl ot s T5%% et i veassdpuity added

dzﬁﬁ% LeRAY ile the solution was kept at 0C in an
r “ba E %gnEMh (0.252 noles) of t-butyl brom de and

1- 6I‘Ee (r%a@ﬁéﬁ mixture was poured into about 500 ml! of cold water,
and a product was obtained by extraction with 100 ml of ether. Ether
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 exiract 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 cm-1) disappearéd 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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nol es) of al um num brom de were added, and the

reaction was allowed to proceed for 2 hours. To the

reaction fluid, 200 ml of ion-exchanged water 10 was

added, and the extraction with cycl ohexane was

conducted using a separation funnel. The sol vent was

renoved using an evaporator, and 39.66 g of

3,3 -dibronp-5,5",7,7 -tetramethyl -1, 1'-biadamant ane

; : s : Vi _ oy .
e stolf PR B REREPENIE, LEL R R o i thorfthacia.
4-Hnaf YshFdidrhaWBsn I RBndichsiodiie Riodudilomwas 15 the

obj ect conpound. 1-3) Synthesis of

3, 3THRi Stedetivdr oxdPhesNdnétad5 in’, decot@ii@ewitH ) the lsame

bi adamantane Into a 5 liter four-necked separable
prédedsieequi fiped ovniducted tle-BboeHramplest i raxeept 8hat 16.2 ¢

inlet for nitrogen gas and a refl ux condenser, 20
(0.0854npldd. of ripl’'di(dibmantane)-6,6-dicarboxylic acid was used in

3,3 -dibrono-5,5,7,7 -tetranethyl -1, 1' - bi adamant ane
plapedofs8B 3ge (9.085mbles) off3, Phrdneit-cssbexynbawd)- 14nd” dRdetra-

resultant mxture was heated under the refl uxing
adamditenen at 155C for 30 ninutes. After the mixture

RS S S B S b Sl
P R BB SRS 9 RO, 0 g
anfl; e BGPBIEHAT S foull TR R T R e Fdsis
TRSCEELIE PTG YRS aCRBLELed B e

cordpdunf: 6 g of
3, 3" -bi s(4-hydroxyphenyl) (5,5 ,7,7" -tetranethyl)-1,1"-

5) biPagpapatian 6f WasnabkBiole Bedihigeyii®od: 99% . 5 Wien the
obt ai ned product was exam ned, the nol ecul ar wei ght

was Theungattiohe wdd condiegednsn anebyddrsce awithpeidess efme

prot on were found
procedures as those conducted in 3) of Example 1 except that, in the
preparation of a benzoxazole resin precursor, 53.01 g (0.09 moles) of
6,6"-bis(3-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 50.0 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 20.3 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
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at 9.10 ppm (2H), 7.12 ppm (411), 6.67 ppm (411),

1.42-1.05 ppm (24H) and 0.86 ppm (12H) in the NWR

analysis in a DMSO-d6 solution. Therefore, it was

shown that the obtained product was the object

conmpound. 10 1-4) Synthesis of 3,3 -bis(3-nitro

- 4- hydr oxyphenyl ) (5,5 ,7,7" -tetranmethyl )- 1,

1' - bi adamantane Into a 1 liter four-necked flask

equi(gﬁﬁd vvié)ﬁhta thermometer, an inlet for nitrogen
COTFERP U g PYYFYEY™©-51. 08 g (0.100 mole) of 3,

3' - bi s(4- hydr oxyphenyl ) (5,

5,7, 7 -tetramethyl)-1, 1' - bi adamant ane 15 obt ai ned
ExQ:H:?p‘iS 1@nd 770 m of dichl oroethane were placed, and a

stream of nitrogen gas was introduced into the fl ask.
| . - U | o imCe. ;
e O B e B S e VP 4 B Dot By et
1, Bigdmadteaus sol ution of nitric acid was added

dropwi se. The resultant m xture was stirred at a
1- 1) erpeithieutseofof, 31 Hi& -tdtshahe tifl- 1 hebfddrskawfarRC or 20

| oner for 30 mnutes, at a tenperature of 0 to 5Cin a

wat Bntol £ @ lbat RgiqrlaBt-shaped flank, A8 ¢ K@ 4rmoles) of magnesium

tenperature without using the water/ice bath for 15
wagi wetghed Ihd plegedi obrideni ithenatrefin tofrmtirogany gh$,080 ml of

.solid substance__obtained by the filtration was washed

dieghy} pdheni was 12adbol mndofstirrerh- eldangedsolatien nrebared by

di dr ?d % 60Cg: .n4d1?nrolgs) ro%%?g'%?mgq:ﬁﬁlsij'%%oin%;d%mdaar%fchng 5int0 40
s5alying 2142%

o BT AR AT DR Bk S
' ] VR

corf e g7 A AR Sl Sty bl R0ty fd P
co%&agggygg e@@ﬁ?\g@? Neqfuei %Psg@ggg ?‘%]as ]Aﬁ&%l}'%@déﬁé RRT room
ter%‘p_bé)l%"tglrggalg%ndiéﬁl{?betﬁe@ Sras BfmpBteRImoved le{ﬂ% aFfAcuum

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 327 in the mass analysis, it was shown that the product was
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2H), 7.75 (s, PH, 2H) 1-5) Synthesis of

3,3 -bis(3-am no -4-hydroxyphenyl) (5,5 ,7,7" -tetra-
nmet hyl )-1, 1'-bi adamant ane Under the atnosphere of
hydr ogen, 35.44 g (0.059 noles) of 10

3,3 -bis(3-nitro

- 4- hydr oxyphenyl ) (5,5 ,7,7" -tetranmethyl )-1, 1' - bi adaman
tane obtained above, 2.50 g (0.00118 noles) of a 10%

th@@beégbﬂﬁb@ﬁhﬁve charcoal, 350 ml of tetrahydrofuran
71 m " of N-nethylpyrrolldone were stirred at the

1- z)omﬁt@fggﬁ@ﬂsleedf&bm%% BOWIS tetthffbth$h 111 b?&damantane
N-net hyl - pyrrolidone was added and, after
r eslihioant 500xinlr egyasdast-shaped ff@dskl53(158mgn@ @92 IEBES) of
reaction fluid was filtered. The filtrate was add
3, A6 dpve ramdihyl, 140 Giatamfanitane ebthardedbowat efas Wb%hed and
formed solid substance was washed 3 tines with a
plateded Ubnlerethe sfrean0 ofl nisfogest gasol0Gnml AfOcyedolafkane was
|on excha(ged wat er and drled at 60C under a reduced

ad utign vmawrem ds. Whie dhe Sobutitn s(3 keptnat 0°C
-4 h r oxyphenyl etra 20
n ﬁt@tﬁ% }fl PO %.ga tnawésmf;st Oyt heemidenang; ke (0.0056

el i R PEAS Hage ddhtnnd ¢ 'ﬁégﬁgﬁﬁwﬂ\gﬁgd to
prffed B AR, " oo B agfion BrittafnaEs o BResRibanedd Svater
waS R, Sand RE hkSeridd WBR R BB Rad VERRRPBH hsing «
seﬂ)drﬁﬁoﬁlsfuﬂ\@el 184, sdivORt M ﬁglg%yed ]u%lzg %Bgégéﬁbnf&?m and

7-1.40 (m Adm, 4.38 (s,
39 -B%S g &3 4 - dﬂB‘fbm%"ﬁ 5,9 76ﬂet§‘§meaﬂrl 2H)-biftatRakSmeOd the

nt hesi s of
obJECtS copbunide twaimabbyined, thebi-rd@maorane-Sinde -theC aidledMar

lic acid dichloride 2-1) Synthesis of

welgli' was 2184t bt theretdnsl analysishiadasesttosne tBaBthe product was
the object compound.
1-3)  Synthesis of 3,3-bis(4-hydroxypheny!)(5,5",7,7-tetramethyl)-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 temperature, 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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5 dicarboxylic acid Into a 1 liter four-necked flask
equi pped with a thernoneter, a stirrer and a refl ux
condenser, 260 m of dry ether and 39.23 g (0.081
nol es) of

3,3 -dibronp-5,5",7,7 -tetranmethyl -1, 1' - bi adamant ane
obt ai ned above in 1-2) were placed, and a solution
prepared by dissolving 15.1 g 10 (O. 235 nol es) of

butyllithiumin 6 of dry ether . din small
puﬁ%rWﬁ&ﬁs ?tmideﬁtﬂ"srﬁﬁ E?Plhg10 Tlﬁ‘é“‘ﬂ Efper Br ég]é FRRStARSE gwas

f th k th
bk 8 o b o o o o

oA S TR R SRR 40 L AR
Jﬁnéﬁée{d@%ﬂg oi)%@%ﬁ%}?%?%éd@@@) the reaction flui d

poured I nto es) of crushed dry

' Cewﬁm t%%eo%ﬁﬁ@&tﬂrgﬂu& bR e RAABGUE Ot %%1@&1&1%@ ®tight
pot assi um hydr oxi de was conducted after 30 m nutes.

wabuhtll o' 81148 thadhhsd gﬁa@tm@ra@clb&ams 6Ot Qﬂew folind
hydrochl oric acid, and 5, 7, 7' -tetramethyl -

at ¥.1(00ppaa (@), ane? $pnd(4H) oastaq»py.h i(¢Hacl.d2viae5 ;@,m (24H) and
éﬁ;e0|p|tated t hen separated by filtration, washed
phrp (ki she AR analygls Tha BMSO esadntige. plbarefere,
was purified by recrystallization from hot nethanol.
it Whe sbbwai thed tb@lqbdaswldsp@d@et Wals t@e@deqimmpcmmbduced
pressure, and 19.48 of a product wa bt ai ned (th
1-4)i eB¥ntiEsiy of \m%rbls&amltp@ “delaxdrowseh @&wfﬁq@cﬂ Tetegramothy))-
absorption of carboxylic acid was found at 25 about
1Ahl¥§@a%ﬁ¥ﬁaﬁ% 1,680 cm 1 |n the IR anaIyS|s and the
cuI ar

ana 91&9 A AL N N (Ffgiometer, an
mgieos! ABBeh s i " Tt g, 353D hole) of
3, §-b‘i§(4b83§<¥ﬂo&9pﬂ8h91)@, & l"i-}ﬁf feqfamethyl) -1,1’-biadamantane
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 agqueous solution of nitric acid was added dropwise. The resultant
mixture 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 water/ice bath for
15 minutes. The reaction fluid was filtered. A yellow solid substance
obtained by the filtration was washed 3 times with 1,500 ml 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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The synthesis was conducted in accordance wth the
sane 5 procedures as those conducted in 2) of Exanple
3 except that 14.52 g (0.035 noles) 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
g (0.035 noles) of 1, 3-adamant anedi carboxylic acid,
and a white solid substance was obtained. 10 Wen the

gg:@g btk :ﬁ%&r@?uﬁég 5%8@%%@%5‘%1?325 e Rk A R sis
. ) . t t .
shopioi b GRIGRE bV T saputh ot 9 RPNy e, R

NVR analysis in a CDO 3 solution, and the nol ecul ar
compg was found to be 452 in the nmass anal ysis.

Thenehoue, (blppes DMSCs N otgsat(s,t Ve, ob2H), nad)7c ¢mpoldoh),
was the object conpound. 3) Preparation of a

1.098N30XAZ gé&uf)?%igg-@mcgﬁ,s QldaTNer.08a0, i PH, W), coe0luD), goH, |

I'n accordance wth the sane procedures as those

oHF o8¢l qeri pH3) of Exanple 1 except that, in the
preparati on of a benzoxazole resin precursor, 48.67 ¢

1-5{ 0. 095 ymilRS)s Ofof 203,3-Bis( BiasfidroatihydroxyphenyD(5,5,7,7-tetra-
4- hydr oxyphenyl ) (5,5 ,7,7" -tetranethyl)-1,1' - bi adamant

metly])-d, Dhitiad amdnabowe i n accordance with the process of
1) was used in place of 31.5 g (0.09 l e

1, 3Ubidef 3tk atondsphede ofdy dhekipEyad a?éaﬁfrcrgae?@gé males) of
3, 35;?%@'[;3@]6: f?ggfdgép@?g%gnyi)?ﬁ,%i, ’rYr?%’ '%()e trg];lethyl) -1,1’-biadamantane
obioprss Rbaaoob s 1 S ge R ate e il frotdie drusgal
o5 S RGeS RS Blgon v g
o SEREEORC AT s PR 57 e gt
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 3 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 3,3"-bis(3-amino-4-hydroxyphenyl)(5,5’,7,7-tetra-
methyl)-1,1-biadamantane was obtained (the yield: 18%). The obtained
product was purple granules. When the obtained product was examined,
the molecular weight was found to be 541 in the mass analysis, and the
following results were obtained in the NMR analysis. Therefore, 1t was
shown that the product was the object compound

1H-NMR (5/ppm. DMSO-Dg): 0.86 (s, Me, 12H), 1.05 (m, Adm),

1.19-1.27 (m, Adm), 1.87-1.40 (m, Adm), 4.38 (s, NH2), 6.33 (D, PH, 2H),
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benzoxazol e resin precursor was obtained using GPC
manuf actured by TOSO Co., Ltd. and was found to be
21,000 expressed as the value of 5 corresponding
pol ystyrene. Exanple 15 1) Synthesis of
3,3 -Dbis[4-(4-am no -3-hydroxyphenoxy) phenyl]-1,1"-bi-
adamant ane 10 1-1) Synthesis of 3,3 -bis[4-(4-nitro
- 3- benzyl oxyphenoxy) phenyl ]-1, 1" -bi - adanantane Into a
1 Jiter four-necked separable flask equi pped with a
6.531d}. il 2By, 681dsi PHe2H)aB. 1hfseOHbr nitrogen gas and
a ef%ux c%ﬂdensen, 45. 45 (0.1 nole) of . '
2) 3 Synthesipaohpet Jx () pRbryRythylil, I hhiadamantane B dicadpxylic
A15..0n 1- of Exanple 4, 55.6 g (0.225 nol es) of
améfbéﬂEVF%%y-4-nitro-l- fl uorobenzene, 55.3 g (0.400

2N St S ETor nith anerd FIEReaTh ek 1t R easi® 3"
dic%}é%&]gcrg\@a heat ed under the refluxing condition at

hours. After the mxture was cooled at the

rooméoegpfrl%girﬁwtﬂb%kmrfg% Ry g@é@ﬁ géi%ﬁ Y&hEr28meter, a

separ at ed by ation, subst ance

stifRRaiAd of rBiluki ddnddhkon I6F mITok ey Weilhar L3P 3@.%91‘% §/0.081

pure water, stirred for 30 mnutes”and separate

mdiéd)t bt BArdidhens6l 5 &, pHkstancthyd aperah8dn®htane obtained
filtration was mxed with 1800 m of nethanol,

abetd in &d2f erer8(platedit #8d andosepar areshrey by ldisaivion: 15.1 g
The separated solid substance was dried at 60C under a

(0.23% yneldspoé dauyBithsuiom B85 hdwisdriarth@9whsgaddedrin small
product was obtained (the yield: 76.0%. \Wen the

posinng Hadepsbigtias. wilh e temperadture édkiheomsiteo b ithedlask was

131 f t 7.93 ppm (2H), 7.41-7.32 ppm (14H), 6.96
kepfnt( ildé] , gl_'égw'gﬁnqqg:{@(g) !t_%%_nghﬂgm( gr Zt&%?'gghﬁlon was

corgswtéd 1a'n§16tl%) %le(v%@onagp tl}e' Zg’ﬁz%)ége?tugg rrc‘eased, the reaction was

allowed to proceed for further 1 hour by heating under the refluxing
condition. Then, the reaction fluid was poured into 325 g (7.38 moles) of
crushed dry ice, and the extraction with a 5% aqueous solution of
potassium hydroxide was conducted after 30 minutes. The filtrate was
adjusted at an acidic condition with hydrochloric acid, and
5,6,7,T-tetramethyl-1,1-biadamantane-3,3-dicarboxylic acid was
precipitated, then separated by filtration, washed with pure water and
dried. The obtained crude product was purified by recrystallization from
hot methanol. The obtained éoh’d 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 ecm~! 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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(16H) in the NVR analysis in a CDC13 sol ution.

Therefore, it was shown that the obtai ned product was

t he object conpound. 5 1-2) Synthesis of

3,3 -Dbis[4-(4-am no -3-hydroxyphenoxy) phenyl]-1,1"-bi-

adamantane Into a 1 liter egg plant-shaped flask, 90.9

g (0.1 nole) of 3, 3 -bis [4-(4-nitro-

3- benzyl oxyphenoxy) phenyl] -1, 1" -bi adanant ane obt ai ned

above, 2.12 0. 02 | es) of a 10% pal | adi um active
shopy, tHng the ng§‘7'6wﬁﬁt ?Oi’é"fcrtéﬁi?ﬁ-‘r%‘f”t‘ﬁr— an and a stirrer

_rod wer laced, and the,jinside of .t fl ask was ,
2 %)IO| | ed %P’ F‘ﬁﬁ?ﬁ}%r ogogn gg’g’.’b%'it?@aﬂ?&hﬁrisls'bﬂ%&%ipantane'3,3 ;
. r as: i e flask was kept at 50 psi, the
dl&r%gﬁgggﬁ?crﬁ% %tcmbgh%as stirred at p20C for 92 hour s

and THneq, thigis" ev@%é : 9&&%&%& IK\?S afcﬁér}d%l%g Wi ealtilé% gsame

filtrate™ was adde nto ers of 1on-ex

pri@i®fres ald thh sohigetdd ﬁp@wm@?ﬁé re%%yte%}ggtsli&.sz g

reprecipitation. The obtalned so subst ance

(0.085hatbled 6f 5,5, A3 -fetlthhetisylof, 1-BRdereRged BaiRhri@ilic

30 mnutes under stirring, dried at the room

acidegpathssizal faiova4wheuised amd plad 2£97.86 ?t U.088/CGholdd) of

the formof dark red powder was obtai ned he yi el d:

1, 8adasjantatedarbaxtydicobtcad nethdr adudiitevasolek agilddnce was

peaks of proton were found at 9.40-9.10 ppm (2H),
obtaipgdppm (4H), 6.80 ppm (4H), 6.56 ppm (2H), 6.35 ppm

(2}-|)W[ 6.26 ppm (ZQ, 4.60-4.20 ppm (21-1), 2.12 ppm

( 41When the7ebtpined myadpeHy amexamsgedprhq pbhritrort loé the

’ﬁe nad%si sd{gn 3 O d6_sol ution, and the nol ecul ar
2P YRTIARY 2P JOHBY Y BROWEH7TPH cihe D5 thedR apalygi, peaks of

Ther ef or i S..shown tha opt ai ned prod S
proRE S Kot abaunti oeappss (AT o8y 38 poki U4 ndo o0
ppin 112H) 343MRNNMR -shalysidi 608 ROBELL SoRfidh, Ut RE WiGiecular
weight was found to be 452 in the mass analysis. Therefore, it was
shown that the obtained compound 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, 48.67 g (0.09 moles) of
3,3"-bis(3-amino-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 moles) of 1,3-bis(3-amino-4-hydroxyphenyladamantane used
in Example 1 and 44.86 g (0.1 mole) of 5,5,7,7-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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2-1) Synthesis of 1,1'-biadamantane-3, 3" -di carboxylic

acid The synthesis was conducted i n accordance with

the sane procedures as those conducted in 2-1) of

Exanpl e 14 except that 34.69 g 5 (0.081 noles) of

3,3 -di brono-1,1"-bi adamant ane was used in place of

39.23 g (0.081 nol es) of

3,3 -dibronp-5,5",7,7 -tetramethyl -1, 1'-biadanmant ane

When the ohtai ned product was exam ned, the absorption
pregutspe waseigad-c aci d was found at 1,710 to 1,680

cml.in the IR analysis, and the nolecular wei ght was

I
f ounidi® onBRbSEG VERaEH el anarpight Mnrhed dher obtamed

h that th bt ai ) t. bj ect
be\é\%%%ﬁ?i%m}feﬁlngprg?fﬁsﬁgsv?ég gj%tglrn%%ugsmvgvaﬁﬁg erngmju zfctured by

" i - 3,03 - di b i i d | ori T
TSR, B KA e i R I DT BBt e b el of

[ conducted in 2) of Exanple 3
cog%gg%?aﬁn%;p(ﬂﬁﬁggg&(o_ 035 15 ol el> of P

1, 1' - bi adamant ane- 3, 3' - di car boxylic acid synthesi zed

above was used in place of 7.85 g (0.035 nol es) of
Exhndpledggrant anedi car boxylic acid, and white crystals

wer e obtai ned. Wen the obtained product was exan ned,

D t heSaixdesps | oh 38-biset-(2eintinehd -tk Héeaenbe -1,1bi--
1,792 cm1l in the IR anal ysis, pgaks of pr o?gﬂl&g})} L1"bi

adwerssmthoand at 2. 21 ppm (4H), 1.85-1.97 ppm (8H), 1.79
1E)pm (4 and 1.54-1.67 ppm (12H) in the NWVR anal ysis

1-Dn Syopmsssof @3 drisldaridnithe 3-baizytodygrhenekglthensd] -1, 1-bi-
found to be 395 in the nmass analysis. Therefore, it

adgEandABAn t hat the obtai ned product was the obj ect
conEound. g) Preparation of a benzoxazol e resin _
preditsor 25 KR fulcreGrednaserasabige tilapl reqivppedamdth a

with the sang rocedlfrq_efp as. .t hose conducted _in 3) of

th%{]&%ﬁ eFy 2 gt , fRalet fory Ryrogeingas and a reflux condenser,
45.45 g (0.1 mole) of 3,3-bis(4-hydroxyphenyl)-1,1-biadamantane obtained

in 1-1) of Example 4, 55.6 g (0.225 moles) of 3-benzyloxy-4-nitro-1-
fluorobenzene, 55.3 g (0.400 moles) of potassium carbonate and 590 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
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. The 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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preparation of a benzoxazole resin precursor, 60.21 g
(0.09 noles) of 3,3 -bis[4-(4-am no

- 3- hydr oxyphenoxy) phenyl]- 1, 1'-bi adanantane obt ai ned
in accordance with the process descri bed above in 1)
was used in place of 31.5 g (0.09 noles) of

1, 3-bi s(3-am no- 4-hydroxyphenyl)adanant ane used 5 in
Exanple 1 and 39.55 g (0.1 nole) of

found. ‘ax b7 adasant @ner 3 31 ﬁfﬁ@aﬁwm 63 ﬂ%scr‘ﬁ'%? dé 88 ppm

obt ai ned i'n accordance wt r'ocess

(ZHPOS &0l E{)HQIZM@% @36%@(@1}10? SGfp]%ﬂ &) (19(11? 7@01 B 9 ppm

i sophthalic acid chlori'"de used in Exanple
(%Hban tox MNMReanelyists pr ediD€by salasionbt Stmedfordhit was shown
nunber - aver age nol ecul ar wei ght (Wnh) of the obtained
thdOtreoiztoxazd beodwesiwaptlecoleot covagoahdai ned usi ng GPC
manuf actured by TOSO Co., Ltd. and was found to be
1-22, @ynthrpise of 63l 3abislhéd-aatine- Dhy dearypdepordiptgnyll-1,1-bi-
polystyrene Exanpl e 16 15 1) Synthesis of
adgngintphg[ 4- ( 4- ani no-

3 hydr oxy- 6- ( 1- adanmant yl ) phenox hen
iﬁ%a‘%ﬁ At drer 1edg )Eﬁél@mg g) asﬂ 969] g (01 mole) of

33?‘)%%16 gy S ey I abeaoty wbenvB7d -blagarymiagee) o

Ob'%ls?@%ﬁoé’p 20 @%%fés? Orfm 15 4 Behedim astisg Phoel
STy b e
thér IfBiskT %86 (1R %Jét»ﬂ %g\ﬁ?§$érle%£ls ﬁﬂglg%@?rgﬁﬁr ocﬁr'?lydrogen

t enper at ur e, ance was

gak SRANRI BEkIDW L képtaht 80 ps-[hﬁhé SEANeARI NSRS was stirred at
subst ance was washed with cold toluene and dried at

2080 Gor Tdekhiowrs2ind, efhede dhp reastioe f1aAGv £3 fiftcde@f The filtrate
4-(1-admantyl) - 3- fluorophenol was obtained. 134

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 m 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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Then, into a 500 mM egg plant-shaped flask, 63.2 g
(236 mmol e) of 4-(1-admantyl)-3-fl uorophenol obtai ned
above, 300 m of dichloronethane, 24.5 g (236 nmole)
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 sodium hydrogencarbonate was

added, The organi ¢ | ayer was_recovered using a_
2)s%’é’rtgf)?l@r?fflu%ﬁﬁéﬁgawtﬂﬁ%'?s%rd‘léwb%kc@@rﬁbgé’@lmd{@r a
2 DecH ST SEl P biaderi ot St dicar B SRR and 39. 5
00T AT N B RAARR SRR PG e
oot b ol oS tudlod tn 2.0 of Bsamplt didosisent that 3469 g
0951380009150y 1 R L, G0 o2

¢ (BTHI0R0IdY) be 3@@1&@5&-@5@,@7’%1;%&%%?%133@%&&%&

resultant 15 m xture was stirred at oC for ours.

The Wkae tthenobiaihed Wasdhit! weledxam@icl, eid @bséfRion of the
filtrate was |left standing at the roomtenperature,

cattaylis epdd avedfanid dt AUDEY 80 A68BEMTEGOVEHLTR Mihalysis, and
filtration. The recovered solid substance was washed

they toielemilar aweighi twad cfoand doi bd 86960€ tindlemasa analysis.
reduced pressure, and 27.8 g of

Thsrqur%daﬁa\ﬁﬁw showpehkgt dbhe- abtaimedo producti twab ethze mbdject
was obtai ned. 1-2) Synthesis of

cor3pauLfyi s( 4- (4- ami no- 3- hydr oxy- 6- (1- adamant yl ) -

23] RS 0] LB UaRA RPE R b RBCa B 5 seb dbleeitens

| honfie S WIELTE hed sohtthd §) SLcoRAANR! Cwlth B Piame
Py AR 4RI LA LSRR85 € 095
mdR) &P 1,Qf-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 chloride was found at 1,792 cm~! 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 benzoxazole resin precursor

The reaction was conducted in accordance with the same

procedures as thpse conducted in 3) of Example 1 except that, in the
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135 3-benzyl oxy-4-nitro-1-fluorobenzene used in the
synthesis in 1-1) of Exanple 15, and the object
compound 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 hynyl ) adamant ane- 1, 3-di car boxylic acid
di chl oride 2-1) Synthesis of

nt ane- 1, 3-di carboxylic, acid

DB, oF ot H RS EoTa Talth; Bipsrtte. COBl e Eatppl) of
3. Qi A TR S by BaPrbén g PRSI o1 hisdamagane obtained
in SRR by BHEHE RELEDRE SR ol I ReRp@d in place of
31 O mdflghiier 1 SHt S Ao H GrodpBeli§had Ihnsane used

in Fxb@f$leof 2R AIERS E’g@.l h&)asuc ?’dbiléﬂgﬁ{al?caﬁﬁ%‘g%’%ii?%?go]?{glic

7.5 Kg/cn2, and t m xture was stirred at

acidlodicBlorideeobRafiéd OA alcbériddneBsvidHdBE Protsdedcribed above in
nol e/liter 15 aqueous solution of hydrochloric acid

2) wod ededitinOflacand 208 sd0ild neldstAiephehslié ey Aadoride
by filtration. The obtained solid substance was
usgij 1 fixadhple lacook dbroeoxizole tdwén Ipranirdor kraeraitagicphy
and_ recrystallization, and
5- ( phenytwnhrigvyeazenanobecular, 3wdighdr Kdkyl iof dhé d obtined
obt ai ned. 20 The appearance and_the results of the
bepgaxazgle; resnsPEarRTEde was ehiainad winRyGiPE ananefacturednby
t ol l.owi ng., These results owed that the obtained
Tocﬁp@%n&%&%%éva&b Q é%%?ﬁ&%wwaﬁ@és e tvalue of
Cor%géi dd.l\/S (Of@ gm z): 324 (M+) 25 Elenental analysis:
ponding polystyrene.

Example 16
1) Synthesis of 3,3-bis[4-(4-amino-3-hydroxy-6-(1-adamantyl)phenoxy)-
phenyll-1,1-biadamantane
1-1) Synthesis of 5-(1-adamantyl)-2-benzyloxy-4-fluorcnitrobenzene

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 ml 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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calculated (% C 74.06; H 6.21; 0: 19.73 136 found
(%9 C 74.54; H 6.42 2-2) Synthesis of

5- (phenyl et hynyl ) adanmant ane- 1, 3- di car boxylic acid

di chl ori de The synthesis was conducted in accordance
with the same 5 procedures as those conducted in 2)
of Exanple 3 except that 11.35 g (0.035 nol es) of

5- (phenyl et hynyl ) adanmant ane- 1, 3- di car boxylic acid
synt hesi zed above was used in place of 7.85 (0.035

nol &§pnotntora UHateacantagitehapedyilagk, 43.8 g imma)e) of
+ QiR Ea werphenal oliaiaed abeHt.ci el sicamemgthane,
240 B PR e ond b5 PSSl S
rof QA RaRed, AAF LA RES bt HiRePENRs efSed AT 4B CHE L nour.
To PBRE NAEQ0E ERAAT TULTHL A « 1% [FARE" R T L B0 Bn

hy &QREHEs A e %&a@ﬁdgé@.”p’ﬁ‘ﬁ? < rgéﬁﬁ‘plta LPatas L&o(rglfﬁdsgsiélg a

preparation of a benzoxazo esl n precursor,
sefa@afi3nn@s) Hid tid solvent w
I%Q-bis[4-(4-an1no-3-hydrox;§é??¥?§g£ﬁgﬁ?§ﬁf%ﬂgﬁg§y$8ﬁ€m’
Thay bbtslindd - BbHda subBiinese vl aicapghthlli RACTESANCE200 t il of
the process described above in 1) was used in place
2-pobp@iol5 agpd( 89.69% wh5ed) addmantd) 13 s oyt Nl uofoliyeiRNYene
20 phenyl ) adamant ane used in Exanple 1 and 36.13 g
wag @btaimeHe) of
5- (phenyl et hynyl ) adanant ane- 1, 3- di car boxylic¢ acid
di chiter _de08btdi s88 plantadvmedafloskwni 3hlt se(Iooesw®le) of

escri bed.above in 2) was used in place of = 20.3 g
- 5‘(f'@%fél%ﬂﬂyé))'E'glfy%ire%ﬁﬁﬁ%%woaﬂdeb@n%ﬁn@h|0@¢an@du§b@v¢,n 265 g

(155)(8:{&15(?4]@(:61’ bgrnglfl %rox%? ez,oéﬁa.lﬁ %l @0%%%imrg)l@roefcpuortggsriu\gagarbonate,
200 ml of acetonitrile and a stirrer rod were placed, and the resultant
mixture was stirred at 100°C for 5 hours. The reaction fluid was filtered,
and, after the filtrate was left standing at the room temperature, the
separated solid substance was recovered by filtration. The 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  3,3-bis[4-(4-amino-8-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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25 The nunber-average nol ecul ar wei ght (Wn) of the
obt ai ned benzoxazol e resin precursor was obtained

usi ng GPC manufactured by 137 TOSO Co., Ltd. and was
found to be 20,000 expressed as the val ue of
correspondi ng pol ystyrene. Exanple 17 5 1) Synthesis
of

3, 3" - bi s(4- hydr oxy- 3-am nophenyl )-5,5"-di (n-butyl)-1,1
' -bi - adamanpt a 1- Synt hesi 5 of .

3 beray L A FAHCERRONARRE 1500 fheitheq gy pbenis dhaged) of
flask, 4.9 0. 2.mol es) of nesi.um wei ghed an
Exp?f’%)ggdl.é’&}negzg? r?e]ersT%rCé) Oﬁn%o ﬁ%%ﬁ?s%d’v ﬁ? ng’wnl at
i e nd..st.ir .. Then, ol ution
(g B BTl SEEHE RN GO hoshlcing? A% fhpRRutar

weggmgg 93N ip ﬁ‘asé’%gglﬁﬂ!y' ether was added

ropw se. After the addi'tion was conpl eted, the

2) r esg{heisis MKt Br(ﬁh\éﬁ?le*ﬂﬁﬁﬁrﬁﬁa&'M‘ﬁhtéﬂ@ 'L/ ¥bOlic  acid
condition for 30 m nutes. e tenperature was
didddpridéed at the room tenperature, and di ethyl ether

was 15 conpletely renoved using a vacuum punp. Then, a

2- Vol Synidrespy epa(pleiyletigisd bl damgn 2hed1 8- diBadboxslie)acal
1- bronpadamant ane into 300 m of dichl oronet hane was
addéthdbroghe s atmakpberd hd adttiozénn gass Monpl Etednmdlie of
resul tant m xt Zre was hgat ed_under the refl uxing
adaswditenen l%re §7.4hsunsle) Tofe N-badraxyp hthalihides Spoumge §0.31
in 00 rrhxﬁ{) i on- exchanged vvatzr 20 and treated_by
mupley e tGobaltHY meardarelraat rake2 (29 mmele)cpfartdmingtbenzene
f el The, .sol vent was re d,usi ng.an evaporator.,
ang bt ol o aGSHE EtIERe PRRKEd nt kP B4P FSU AT REHA Gy mhixed
ifi.ed i agcordance, with the,sili,c | colum
eaR bl 2RGETER e oA oS v e e85 tgen was
intlD8ucqPLUAH! aNSLETNOF 5 8 082 A E YRR H B RFe WAl btfindd at
60°C for 12 hours. The reaction fluid was added into a 5 mole/liter
aqueous solution of hydrochloric acid cooled at 0°C, and the solid
substance was recovered by filtration. The obtained solid substance was
purified in accordance with the liquid chromatography and
recrystallization, and 5-(phenylethynyl)adamantane-1,3-dicarboxylic acid
was obtained.

The appearance and the results of the mass analysis and the
elemental analysis are shown in the following. These results showed
that the obtained compound was the object compound.

Appearance: white solid

MS (FD) (m/z): 324 (M%)

Elemental analysis:

calculated (%) C:74.06; H:6.21; O: 19.73
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25 adamant ane was obtained as a col orl ess transparent
liquid substance (the vyield: 38%. 138 The appearance
and the results of the nass anal ysis and the

el emental analysis are shown in the follow ng. These
results showed that the obtained conpound was the

obj ect conmpound. 1H NMR (400 WMHz, chloroformd3): 8

1 92 (s, 3H), 1. 65 (m 6H), 5 1.45 (d, 6H), 1.22 (m

Bl birent ato AR 4 °ﬁ3&f%4‘£‘%45/5 2 a2b B 1. sa0s
9- %)oung ﬁ:t}éeeé? 0 f%5 the(lérn,%‘h ar?é?@gle %ﬁg@r&;oxyhc acid

m&h?ﬁubshaped fl a_sk 8.8 g _(o 046 mol es) of
ut yl ) adamant ane obt ai ned above was wei ghed and

pl agett 7fA8Esist r\ﬁa@ E@Iﬁ{ﬁ&gdmlﬁr QA0ESa93s8e At ml;hg F same

cycl ohexane was added, and a solution was prepare

Wudu@ the sRbdH LonduasdkapY) alf !
pr e(0 063 noles) of t- bugyl %E%ﬁﬁggq%ﬁ&aagﬁEﬁht:¥i35 s

© oe5oom4>1m| es) Bf(phahylet Ry IPiDih g L€ @&ﬁﬁ%o@m acid
the reaction was allowed to proceed for 2 hours.

syntlesizaict dloyvef |wasl, nd@d m placeonfegcdmngedr . nase fm(y}@§) of
added, and the extraction with cycl ohexane was
1 %@damnéana@lcngbracylmd aspdnn ) pfidlxanile ol vent was

renmpved usi n an evaporator, and 20 10.4 g of
1p¢d raduat Sres @Kamh@ecbbﬂm:tabsmmmm of the
) obi ai ned, as _.a co] orl ess transparent ui d
aC&%&'ﬁg W@ﬁ%@uweﬁtdabm% S15He ﬁp.%a@an%en he FRenalysis,
ults mass, anal d, the. . el enental

n
anfl oS R pl S TR I | Bapho O riBedhe gatae gnalysis,
Th%p&%éj, 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, 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-amino-4-hy&r0xy*
phenyladamantane used in Example 1 and 36.13 g (0.1 mole) of
5-(phenylethynyl)adamantane-1,3-dicarboxy1ic 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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- adgmpnga

that the obtained conmpound was the object conpound. 25
1H NVR (400 MHz, chloroformd3): S 2.28 (m 4H), 2.12
(t, 2H, 2.09 (s, 2H), 1.64 (m 2H), 1.48 (d, 4H),
1.22 (m 4H), 1.10 (m 2H), 0.90 (t, 139 3H M (FD)
(mz): 270.1 Elenmental analysis: calculated C

61.99% H 8.55% 5 found C. 60.99% H 8.01% 1-3)
Synt hesi s of

TGS €bi,SLikt.hysd oxXs JoaAl nePHEMY d0b ’eléfpi'gés%ﬁi' %él thh) vdiud of

'- bi adamant ane The reacti on was conducte

comespoidimpepolvstyrbhe same procedures as those
conducted in 1-1) of Exanple 14 except that 108.50 ¢

10 (0.4 nol es) of 1-brono-3-(n-butyl)adamant ane
synt hesi zed in accordance with the above process was
Exggaplei ¥V pl ace of 97.28 g (0.4 noles) of
3, 5-di met hy| -1 - brgmpadamant ane and 54.25 g (0.2 nol es)
1) oSyntBesismafs3, 3( hishtthyidyaxsadeam e heay s &t diln izt df-bi-
48. 64 %é(o. 2 nol es) of
t hyl - 1- br onbpadamant ane, and

, 35-di(n-butyl)-1,1\-hi ad t 15 bt ai ned.
1- B S5y ittieais Sh A i ladeBaiered | n acoor dance w th
g-l_ﬁg}mg ag‘éx]gr ofe%%ljl_é}%%g%ﬁa})gg %ﬁsﬁ?g%ug t((?% Ilngle%‘,j % ma}'slr;g%esium
. 3= hi s( 4- - 314N 1)-5,5 -di (n-butyl)-1,
e Rgidl AR, SIS a0 Y bl o
: i ' t, 20 th
G ABFEEHEE W3k IARE B SNSEPLSSL o SHPY, DiS b
disealvifb oMy EMaL2 mdles) ALAbasH 1nemmaEnH:d8s h'er @RMRSL cther

conmpound. 2) Synthesis of _
was, &dded Aropetsa( nNABUt Whe- ddditidd RSP ed; $he resultant

mixture was heated under the refluxing condition for 30 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 21.5 g (0.1 mole) of 1-bromoadamantane into 300 ml of
dichloromethane was added dropwise. After the addition was completed,
the resultant mixture was heated under the refluxing coﬁdition for 5
hours. The reaction fluid was poured into 200 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 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-butyD-
adamantane was obtained as a colorless transparent liquid substance (the

vield: 38%).
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di carboxylic acid dichloride 2.1) Synthesis of 1,

3-di (n-butyl)adamantane 25 Into a 1 liter egg

pl ant - shaped flask, 4.9 g (0.2 noles) of magnesi um
was wei ghed and pl aced. Under the stream of nitrogen
gas, 80 m of 140 diethyl ether was added and
stirred. Then, a solution prepared by dissolving 27.4
g (0.2 noles) of n-butyl bromide into 20 m of diethyl

et hgme Wapeafdad AnRAPWHS eresitehf IR %ﬁéeiégi é&%&#}%s; and the '

conpleted, the resultant mxture was

eldieéhidli MgalseRdinke Qhokal i30tHE FSl&Sing D eI‘l@e%e Eﬁ?ﬁ{}?é WhEwed

was adj usted at the roomtenperature, and die

thet tiey ob@sned esmpeLalywi £ty 66lcbStdi@pguydcuum punp.
epared by dissolving 27.1 g (0.1

Then,_ a _sol ution pr 0.
mol &1 BIME. (405182 Rhlsuofirymidalion st (soBENAEA hm, 6D,
accordance with the process descri bed above in 1-2)
1.45td 6300 122 G, 4H) ch08ronetHiafeStéts 3B0ded dr opwi se.
After the addition was conpleted, 10 the resultant
' éFﬂéznﬁ%?ét ed 1§3der the refluxing condition for 5

hours. The reaction fluid was poured into 200 m of

ionié%@ﬁﬁﬁﬁéﬂﬂaﬁﬁ@r and treated by extraction with

di chl or ongef hane ,usj,n par at | funnel. The

sol vent \ﬁ%][sc Eé‘ﬁﬂve gg%ﬁ%"eﬁ gé/ég%\rator. The residue

Rccor danta i tn 116 B0 Phg M im0
-ghr . ) . ment: hexane).
1B SPRY [LHY-bES RS §8¥e g%g;gp%%alﬂs}é%&g

vent was renov an evaporator, and 8. 20

g Ofntol a3-icf %ptggsgygpgg.gg@%@gf f%sg, hg b §6tEOMADN o

was obt ai ned (the mass anal ysi § Was

1-(aaneyDindd nusitadet St aoki BbBEde RFRIWGIchdD Qnd%?law&.i , Under

nol ecul ar wei ght was found to be 2497 Therefore,

thevasrezhowf hitabgen hgabl@) nal of asyplshiskawas whhea@@d®Chnd a
sol%?ig?lovggg i)repared. While the solution was kept at 0°C in an ice bath,
8.8 g (0.063 moles) of t-butyl bromide and 0.4 g (0.0014 moles) of
aluminum bromide were added, and the reaction was allowed to proceed
for 2 hours. To the reaction fluid, 100 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
10.4 g of 1-bromo-3-(n-butyl)adamantane of the object compound was
obtained as a colorless transparent liquid substance (the yield: 84%).

The appearance and the results of the mass analysis and the
elemental analysis are shown in the following. These results showed
that the obtained compound was the object compound.

TH-NMR (400 MHz, chloroform-dg): & 2.28 (m, 4H), 2.12 (1, 2H),

2.09 (s, 2H), 1.64 (m, 2H), 1.48 (d, 4H), 1.22 (m, 4H), 1.10 (m, 2H), 0.90 (t,
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2-2) Synthesis of 1-brono-3,5-di(n-butyl)adamantane
Into a 200 mM egg plant shaped flask, 11.43 g (0.046
nol es) of 1, 3-di (n-butyl)adanantane obtained in
accordance with the process 25 described above was
wei ghed and pl aced. Under the stream of nitrogen gas,
100 mM of cycl ohexane was added, and a sol uti on was
prepared. 141 Wiile the prepared sol ution was kept at
afC in an ice bath, 8.8 g (0.063 noles) of t-butyl
brom de and 0.4 g (0.0014 noles) of al um num brom de
wer eigdeey,(nggd t he7eaction was al l owed to proceed
for 2 hours. To the reaction fluid, 100 m of
| on-RisalemigesnyBter was added, and the 5 extraction
wi th cycl ohexane was conducted using a separation
funnel . cihaillawldvet 6WeD%;EHO8EGWISI Ng an evapor at or,
and 12.65 g of 1-brono-3,5-di(n-butyl)adamant ane of
the obj edousdnpour(d G@OLLIE $18H% (the yiel d: 849 .
The mass ana%y3|s was conduct ed using the obtained
1-3) oSuathesandf” 3.8 birdd thyideoxy 8r aménagiitenyds 5 Hodila-thotybe1,1-
. 327 Therefore it was shown that the obtained
biadapantaRSwas t he object conpound. 2 3) Synt hesi s of
etra(n-buty

i ET}% b’g‘%r‘:‘gﬁ??‘ﬁg@agTéen Yee esllns %\‘é’é’r@%%}]cwe@l i the same
oSSR A5 Spited Bohd R 1 BT Bl T SR et 8.50
5 7
0.1 2pPled o TL Homd D GF HrEhadamenians ez ip pecordance
Wlﬂ?cﬂfed%'ﬂ)ﬁge V\bfd&gég‘ewgé O&%ﬁs ﬁeé%ce bef Aogy e g W% usegs) of

in place of 48

t 1
3 53dﬁngta}¥]§!a ghgoﬂgﬁﬁé’lgﬂ&%@%ﬁ%ﬁh@ngﬁl %%e? r((g‘Zn?xw‘R—fS) E’iﬂ'@i}%mo 3-

(n-butybhi atameabane asasisolt @hnelhceThE RS a@atw 2' §nd’l@§) of
conducted using the obtai ned product, and 20 t

3,amdimetiydrl -beigbadaas ntanndanhd 38 -E&3-buthbr Ii,‘fl’elﬁlﬁdahiantane
wavgaosbtsari]x(l)evcv?. t'Ir‘]l?etzn, the reaction was conducted in accordance with the
same procedures as those conducted in 1-2) and 1-3) of Example 14, and
3,3"-bis(4-hydroxy-3-aminophenyl)-5,5-di(n-butyl)-1,1-biadamantane was
obtained.

The mass analysis was conducted using the obtained product, and
the molecular weight was found to be 597. Therefore, it was shown that
the obtained compound was the object compound.
2) Synthesis  of 5,57, 7-tetra(n-butyl)-1,1I’-biadamantane-3,3"-
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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t he obt ai ned conpound was the object conmpound. 2-4)

Synt hesi s of

5,5',7,7 -tetrabutyl -1, 1" -bi adanant ane- 3, 3' - di car boxy!

ic acid dichloride The synthesis was conducted in

accordance with the same 25 procedures as those

conducted in 2-1) and 2-2) of Exanple 14 except that

52.87 g of 3,3 -dibronp-5,5,7,7 -tetra(n-butyl)- 1,
didthy?i AYRIBRLANGdddd 2,5y NtheshZedridh age 961%]%9@ p‘%}}g&'ed by

thé process described above was used in place o

di21vA3 27 2.0B12 18d169) ofoh-butyl bromide into 20 ml of diethyl ether
3,3 -dibronp-5,5",7,7 -tetramethyl -1, 1' - bi adanmant ane

wais added 1dropfwikxanplfi@r the addition was completed, the resultant
5,5',7, 7 -tetrabutyl-1,1"-

mixtarkameast hoated, 8hdelt the beflylking @onditibrc ibi0B0daiwliteshe The
obj ect conpound was 5 obtained. The nmass anal ysis was

tempatletre dvass adpsték abbhairoed torgdwetyreanmdd dibthyl ether was
mol ecul ar wei ght was found to be 620. Therefore, it

coppdetehippmered usiHpascarreHusthp olien, vingoluienopiepered by

digspBbaEooh L0 Orhaebet Fomses Gt Dadarmnraero ohsived in
ccllhpht T ang b RRERY” Bl BEBREC Y P ks o o o
iGIBERAARNE FE3 ARATRIESRG Rk Yol FaBRISR W) codlpleted,
th kAR oo Rl GEE BRI apdigiopater 5

d TR : . | _
P A P B By Syt 1 ah h arsipngy meter

anBX2ePled By aRtabBoR véith Aidh1eRd Bt Hfnedusing & gépe{jrﬁﬁbﬁ'funnel.

butyl -1, 1' - bi adamant ane- 3, 3' - di car boxyl i ¢ aci
Thati chlwamtdevabtmwniedd rusiagcandarapomitbh t NEhPr 86888 was

~described above in 2) was used in place of 20.3 g
dige0lveel nmobed0 ofl ofsbettreahnd moiiflediiinMopordimaaseithi the silica

Exanple 1, and a

gel column chromatography (the solvent of development: hexane). The
solvent was removed wusing an evaporator, and 8.20 g of
1,3-di(n-butylDadamantane of the object compound was obtained (the
yield: 33%).

The mass analysis was conducted using the obtained product, and
the molecular weight was 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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20 benzoxazol e resin precursor was obtained. The
nunber - aver age nol ecul ar wei ght (Mn) of the obtained
benzoxazol e resin precursor was obtained using GPC
manuf actured by TOSO Co., Ltd. and was found to be
23,000 expressed as the value of corresponding

pol ystyrene. 25 Exanple 18 143 1) Synthesis of

3,3 -bis[4-(4-am no

While %@rﬁ%&%@%m} HEWdd kg%ig’aﬁ_z)"(@ in an.ice bath, 8.8 g (0.063

tetrane 1, 1" - bi adamant he reaction

m&eaﬂaﬂt%typbmm&aﬂag@f ngto bbe4SabRs) Bf%&&% &@13xg)éxllde

those conducted in 1 anpl e 15 except

wdrefdddd, and the reaction was allowed to proceed for 2 hours, To the
3, 3" -bis(4-hydroxyphenyl) (5,5 ,7,7 -tetranethyl)-1,1"

reditacianfinidan@00bngli n€didmedchi3ingetl Bxaap! &atd addsdusadl the
in place of 45.45 g of

exBragtiobi s{ith hydlodrexphenyh) - nuchidhdaingtanepassdon funnel.
3, 3" -bis[4-(4-am no- 3- ‘
h@ydﬁ*@??lpﬂwe??@ﬁy)rpmwﬂ] Bisg, ANy’ evaporatmet hphdl,12.65 g of

- bi ada tane obt ai ned.. 10 2) Synt hesi s of
I- ‘5?0(1110 é”efia M\@ﬁmr&aaﬁwft theeohjegt gpmapbodywhs ohtaiaed

dlch(g&% 2 1) Synthesis of
ntyl et hynyl ) adamant ane- 1, 3- di car boxy! | c

o TSR o PR 038,
N e T R .
thg%?%ﬁggg#§%¥§n%¥%3%§F?agb Cﬁ?%ngoEng di car boxyl i c was
2-3)0t 8y Afkbsis of 3,3 -dibromo-5,5",7, 7-tetra(n-butyl)-1,1-biadamantane

The synthesis was conducted in accordance with the 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-3,5-di(n-butyl)adamantane 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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The appearance and the results of the mass anal ysis
and the 20 elenental analysis are shown in the
foll owi ng. These results showed that the obtained
conmpound was the object conmpound. Appearance: white
solid M (FD) (mz): 382 (M+) Elenental analysis: 25
calculated (%9 C 75.36; H 7.91; 0: 16.73 found (%
C. 75.58; H 7.87 144 2-2) Synthesis of

syt hdsi sk AR MM eh £ DY) @0 8@ B 808s Ja cdeibear l%ﬁs used in

acid dichloride The synthesis was conducte

place @f 3988 @i (h08 hansRER of P8 BCEMHOER-BS Whpstgtrametgyl'l 1
conducted in 2) of Exanple 3 except that’ 13

blétﬂ)am&tmda eapedf2-1) of Example 14, and 5,5,7,7-tetrabutyl-1,1-
5- (1- adamant yl et hynyl ) adamant ane- 1, 3- dlcarboxyllc aci d’
biggamassane 13, %Khwbo&ylic 851cbd(chlc&&5e obtlesobjett compound was
1, 3- adamant anedi car boxylic acid. Wen the obtained
056?@@dct was exam ned, the absorption of the acid
chI I de was found at about 1,815 to 1,785 cm1 in the
Z‘ﬁéﬂ Piss analysignpag I@énﬁ’éﬂ'@duu%mgvxﬂleghbtm)a@d oodnact; and

S R S E M i b

o ALl S

N
SRR 5 Sl Sh e came

prdcddei-ta gt hMbselcéndQétedaﬁf‘@n&iaE%a 18 fe%(cgpf)\%ﬁa't,nin the
accordance with the process of 1) S use

preparation of a benzoxazole resin precursor, 53.7 g (0.09 moles) of
3,3"-bis(4-hydroxy-3-aminophenyl)-5,5-di(n-butyl)-1,1’-biadamantane
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-amino-4-hydroxyphenyl)-
adamantane used in Example 1 and 62.0 g (0.1 mole) of 5,5,7,7-tetra-
butyl-1,1-biadamantane-3,3-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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in place of 31.5 g (0.09 noles) of 1, 3-bis(3-amno |
- 4- hydr oxyphenyl ) - adanmant ane used in Exanple 1 and

41.94 g (0.1 nole) of 20

5- (1- adamant yl et hynyl ) adanant ane- 1, 3di car boxyl i ¢ aci d
di chl ori de obtai ned above in 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

12 Setaexazole 3@%&&4"(&?&%&?8ﬁiﬁ“g’za(cfgﬂi?%ﬁé Qﬁ%}@?&%—g@g 7,7

nunber - aver age hol ecul ar g

te2RRefRAXRThia daBs{ {1 pEecur sor was obtai ned using GPC
manuf act ur ed 1by TOS%H%O., Ltd. and was found to be

21, 00thexpeeRERRd wast b respondi
pol ystyrene. Exanp?e ?%&%$B§yg%hé%$§m%$ﬁ£ PERTHEY same

p18c&d uteis s At dheatindare B el 1P %Y - - gl :
qdamant yl ) phenoxy) phenyl ] - g 5]@{7&(&7?% g% %&%4154@151'08 g of
3, B*bis{atizdertypbe ni)(), 557,M-heghsre@hyD)-1. 1 biadamantane
5-(3,5-di net hyl -1 -adamant yl ) - 2- benzyl oxy- 4-fl uor o-
obipinedbdnzdnd Tie Fsypmiiblesild wass condudhe$lade agcasiBncs of
%yit.h tgg sane prﬁcedur_es as those conducted in 1-1)
3, 3 tbieidshpdeoxyphery pt. 1thiadangstane, and 3,3-bis[4-(4-amino-3-
- br onp- 3, 5; di net hyl adamant ane was used in pl ace of
hyjil_r éﬁew}ﬁbﬁ@ﬂﬂ%, Sr{d/ -tetramethyl-1, 1’-biadam€mtane was
Obg'i%? 5-di met hyl - | - adamantyl ) - 2- benzyl oxy- 4-f | uor o-
i gbenzene was obt ai ned. Since the nol ecul ar wei ght

: Pke_410 | h s, analysis, it was
2 SR BN SR EF ol henbulod b lnde g e sbtinee ongic acid
didfynpaund. 1-2) Synthesis of
3,3 -Dbis[4-(4-nitro-3-benzyl oxy-6-(3,5-di nethyl)-

2-?9?%%1%%{‘gﬁ’g)f)ydlpmgh%rletr}'lynﬁ)adgﬁglr?%z{naeni%hgilcé%%xylic
acid

In accordance with the same procedures as those conducted in
Example 16 except that 14 g (87 mmole) of 1-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-dicarb0xylic was
obtained.

The appearance and the results of the mass analysis and the
elemental 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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Into a 2 liter four-necked separable flask equi pped
wth a thernoneter, a stirrer, an inlet for nitrogen
gas and a reflux condenser, 20 51.08 g (0.1 nole) of
3, 3" -bis(4-hydroxyphenyl)-5,5",7,7 -tetranethyl -1, 1"
bi adamant ane obt ai ned in accordance with the process
described in 1-1) of Exanple 14, 83.95 g (0. 205

nol es) of 5-(3,5-dinmethyl-I|-adamantyl) -

-3y be -4f L uoronitroben obtained in 1-1), 55,3
23 (OB b B P PR e A i araninge 1, biarboxytic
achd dh'iH}[)fiEﬂemSt hyl formam de were 25 placed, and the

resul tant m xture was heated under the refl uxing

L : . :After the fluid wa
ggg?]!é}gé gf&ﬁlgéfsggynggrlﬁém?lg%ér i urag?o Dcp e%ﬁioﬁﬁe same

prbbailutesass whxed whileild b 981 Rhapipie Yalery AA01ENG)

obtai ned m xture was stirred for nut s

(0035t mvkek) oFre (1-alhaiargletRYh i) s0R8LARERWEF ATXFGMd Deig
10 liters of nmethanol, stirred for 30 m nhutes an

wasepseditiedblaye bf 11831ty 03T heolsepaf at @ﬁdﬁﬁidlﬁaﬁé@ﬁ%%%hc
5 was then dried at 60C under a reduced pressure for
acply hours, and 109.6 g of a product was obtained (the
yiek@: 85% . When the obtai ned product was exam ned,
peal¥hen theophiningd @rofuchnavast eXa@inahntie AbyorpliciB of the
p 411), 7.29 ppm (611), 7.20 ppm (411), 6.88 ppm
301%4??1}1,{“’%‘}33‘23562%1{18181% abouigs, 84 Brio( ﬁﬁiﬁf) czm?gin th@ [Fpamalysis,
5 v 0. 96, 10 (12 and 0.85 ppm (12H) in the NMR
angain%%ﬁé)leflﬁlai_ t‘f%%?@ ?&%f‘?% to%ﬁ&@om,thet mwes ahelysis.
Th%?@;yretsl}ﬁ F%ggﬁﬁiso@iglg tRaL ueclgro%%t twrét% t%%l o%(jttact c%%lnﬁo%unndq'
2) 3P3en b - (A R - 3- xy-6-(3, 5-di net hyl) -
) R e Bebradol e pabedidor
7' - TRbr a@BEAYh - Ivds - r?cﬂ%%ﬂ‘t e Lo.a 2 biter
f our - necked separ abl gé as egﬂi pag)cg%lldv%ﬁntcﬁ_ aWllth the same
prdcbdurasTasethosd Sdriduceéd ARA3RD Bk S plo1 RkbLAISN 935! the

128.97 g (0.1 nole) of

breparation of a benzoxazole resin precursor, 65.25 g (0.09 moles) of
3,3"-bis[4-(4-amino-3-hydroxyphenoxy)phenyl]-5, 5,7,7-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 4194 g (0.1 mole) of
5-(1-adamantylethynyl)adamantane-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 1sophthalic 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 21,000 expressed as the value of
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3, 3'-bis [4-(4-nitro- 3-benzyl oxy-6-(3, 5-dinethyl)

adamant yl ) phenoxy] phenyl

-5,5",7,7 -tetranethyl -1, 1' - bi adamant ane, 160 g (0.8

nol es) of trinmethyl- silyl iodide and 1,290 m of

chl orof ormwere placed, and the resultant 20 m xture

was stirred at 25C for 17 hours. Then, 215 m of

nmet hanol was added, and the obtained m xture was
Q.mnutes. The reaction fluid was washed

irred.for
m%%%%boﬁﬁfggpﬁﬁm%¥r%¥8596by wei ght aqueous sol ution of
sodi um hydrogensul fite, 1,290 m of a 5% by wei ght
aqueous solution of sodi um hydrogencar bonate and
EdardB®: My of pure water, 25 successively, and a solid
subst ance was obtai ned by renoving the sol vent

by
Ddi sti Kyathefds Unger & $adupe -%?ﬁi—%ﬁlgyé{o%;rﬁaﬁ-{hgﬁp igﬁ%ﬁiég‘?l-l-

| ayer obtained 147 after the washi opé

daehank . "Pi
a & ydhim@ﬂﬁmph/@ﬁrlpmiﬁdaﬁtst%ﬁ%%etlg?fi?,r 1 %1%%%#8&2&5’11(3

1%{)essurehgor 24 hogés, an a pro
-bbt aiSpathesive ofi €503, 57Rn9%hy1- VR ' 0 )
was exam ned, peaks of prot gn wer éﬁﬁgtygggﬁdghg@%.%ﬁ}m
nipkepzdads ; 8. 03 ppm (2H), 7.44 ppm (411), 7.03 ppm
(411), 6.28 ppm (211), 2.17-1.15 ppm (50H), 0.95 ppm
( 12Hheaneyobgsispprag 12efdudtadt e MvBlaakySivath Nthe same
3 solution. Therefore, it was shown that the

PTRERARRd2pr borrer cpadueted dbj del) cfndbuanoiplel-¥9 except that
Synt hesi 5. of .3,.3' -bi s[4- (4-am no
l_bl)ép?&gf%aypgﬂfﬂ?@am%?ﬂ?l( ywagoused  in place of 1-bromo-
I eROoX | - ‘L7, 7" -tetramet hyl -1,
AR LR ae. Thibs S thyly L dhgin Dok bant ask 4-fluoro-
nﬂ%gHéﬁﬁﬁﬂa@%E%bﬂ?hﬁﬁr”D”Eter’ a Dinroth condenser and
an inlet for ni € 3,

irogen gas, 110.95 g (0.1 nole) of

3' - i A+ - 13- XV-6- (3 .
Sthnlg(f.GL ;?P%al(i{aU%%%L%l??)%ﬁ%ﬁ%xﬁaghgon%rfq £o be 410 in the mass

o, ol SRR O L ST B
compeuhtiant mi xture was stirred at
1-2) Synthesis  of 3,3 bisl4-(4-nitro-3-benzyloxy-6-(3,5-dimethyl)-
adamantylphenoxylphenyl-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 (0.400 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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the roomtenperature until a conplete solution was
obt ai ned. Then, 700 m of acetonitrile and 410 m of
pure water were added, and the stirring was continued
at the roomtenperature under the stream of nitrogen
gas. To the obtained mxture, 208.9 g (1.2 noles) of
sodi um hydrosul fite, an 20 aqgueous sol uti on prepared

by dissolving 5.42 g (0.01 nole) of
‘sdioctyl -4, 4" -bipyridiumand 124,38 g (0.9 nol es)
t%’?ﬁeprﬁ‘ég%i s Teatien i A% maredovith o9 Tdareof wase water,
Vi . . Se _usi.n dr i.ng funnel ., After
R SRR FIRRS falcr e ot BB luecangrfigered. The
oSt [ I 8 obt.ai ned by .
Xt ac?(%lgkﬁ 882?%81 Cg vi% }s%lgg%c} é‘ﬁ ¥lgr}0¥ﬁ%ﬁ§|°. giganol, stirred for
3P ufiinfdte@tadn@n ¢ - fn.aceqrdance with
col 1L]jlrm oper afs ?%%a.a %@?}é}? hgér}%lﬁg a??}ehgéhaggi%c{ éﬁ‘ﬁgr%ﬂhﬂt%nce
wastlesn drieddutcGIPC dA8ePh9EgH [ 1
a product was obt ai n?ad (t heéﬁ féfgdg:sag%&gt%?ho%séﬁ@hgégﬁg
of ehpaidwet warsashtainesb&he xadlidn8gys)t he nol ecul ar wei ght
was found to be 1,050 in the mass anal ysis, and peaks

of pPVoeontiweobtaihednoaiuct. Bds RRAMIAE, péakd Rt were
6.78 ppm (4H), 6.57 ppm (2834}15 6.11 ppm (2H), 4. 28
oAt R0 1DBO(EIDET. BRroBOMED, 025 gm (GLHY Fehoth TZED)

m (1 in the NVMR analysis in a DMSO d8 sol ution.
6-%&3@? ?4_%) 632 npm -gmapm keHHH2.aBried7 pres (BOHNEE.96

g1 28) Sl COSBBEN128) ik SRR Slysis in 2 CDEL, setytion.

- apne- 3, 3"'-dicarboxylic acid dichloride 10
Thfr%?gsﬁf‘ h&2s . Shewn i€ Ap ohtaine product was the object
Coéggﬁﬁpp-S,S',7,7'-tetranethy|-1,1'-biadanantane Into a

500 egg pl ant-shaped flask, 30.08 g (0.092 nol es)

015, Syt et bty e ane e ).
DR T P DU
Into a 2 liter fournecked 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'nitr0'S'benzyloxy-G'(3,5'dimethyl)adamantyl)phenoxy]phenyl
"5,8,7,T-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 ml of methanol was
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 weight aqueous
solution of sodium hydrogencarbonate and 1,290 ml of pure water,

successively, and a solid substance was obtained by removing the solvent

by distillation under a reduced pressure from the organic layer obtained
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15 was kept at 0OCin an ice bath, 19.6 g (0.126 nol es)
of t-butyl bromde and 0.8 g (0.0028 nol es) of

al um num brom de were added, and the reaction was
allowed to proceed for 2 hours. To the reaction fluid,
200 m of ion-exchanged water was added, and the
extraction with cycl ohexane was conducted using a
separation funnel. The solvent was renoved using an 20

afemapbs ak @hingNBpSittfnsd Ahe solid i °
3-brono-5,5", 7,%‘ -tetranet I$y|s9i, fozll%(}naeélgrrvgﬁ a%rée%fat 60°C

under abpedicedompossige iy 2btRbwRd sk el dr 87 Woduct was
Since the nol ecul ar wei ght was 406 in the nmass
ohldatads(the yieldndg.09%0wn that the product was the
obj ect conpound. 2-2) Synthesis of
3, 3' Whengthe Hbsaingdsprocdict awes exantindd, Peaks ' oft gidtdn were
5 adanant ane | cordance with the sane procedures

fOﬁgdt%éwéowm{]?éﬁ?iaqoapp)n (2HY, Bf44Empmp (414 03qoph (4H),
6-%&%&%@%@ g 1(17?1-115%@32&&%;{ 8@?5&3 (151?%)’ EZmi7 'ﬁ[%:ppmf (12H)
in¥he’RNIR (fhalylR 504 OCla solufion.  Therefore, it was shown that
B e RSB L s e

s anryRase BT 8 RTH et Ml BR B it
B O, DY Aot BB 1 Libiademppiang . o

", 1Thto kel dadanBataRekedimidk a9ipFede lraliaRed
[ ask, 59.89 g (0,092 ol es) ofg lf?ed P b Her AR,
18118th Yopdéhsér, Ahd 5 ihiedchant ds, 11095 & r
mant ane obt ai ned above was vvelikbgﬁlélégaﬁd pl.%%ng@%n@§%§ of

3, fhasldr (eaitraB Iy droagdn(3yaslim20Ry I d Hh aneys BRI ISh MR- 5
,added, and a sol ution was prepared. \Wile the
5 ﬁ{éﬁg#l@dng@mtlj,brbmdgmmanat olX@ined ambovee st N,7689.%21 of
C%éo 25%1 nol es) 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 542 ¢ (0.01 mole) of
L,1"-dioctyl-4,4-bipyridium and 124.38 ¢ (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
hours, 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
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t-butyl bromde and 1.6 g (0.0056 noles) of al um num
brom de were added, 15 and the reaction was allowed to
proceed for 2 hours. To the reaction fluid, 200 m of
i on- exchanged water was added, and the extraction with
cycl ohexane was conducted using a separation funnel.
The solvent was renoved using an evaporator and
63.26 g of 3,3" dlbronn 5,5

préssure for D4 hAfkagel] %od%ct* \%ras 83?{1?113&3 neiagfe?@g&%?{)%).

t he object conpound tal ne

Si nGFhthettm bbeathal mdgﬂaﬁ WA e§gg11gﬂdt e icht
anal ysis, it was shown that the product was gt

Wa;mrlipmdl(to be2-1405(5yﬂtﬂh%strﬁ18@fanalﬁr81s and peaks of proton were
5", 7 7" - oct anet

foqnd At a 87 prsor R daBANiEne43)3'E, 781|p<pam Hary! 6x2phth (2H),
di chl oride The synthesis was conducted in accor dance
6.1 PR KRHL 2428 mBn JiEbed %3, 0dsppinoO IO L bt (121D and

f | e, 14 exc hat 65.52 g of
0. ’§7 é}am szﬁj H%t@ %\E@Egalysys ! a -%oqoéﬁ@phw Thetefore,
ada ntane was used in pl ace of

it xggs ﬁgoan(lgmégk rogdugt wasgberabiect compound.

2 gfsagﬁﬁﬁé Siétet;? d d;gl ’15’ 6‘:%7 qfanf?f«%g%%h;ﬁ%’,ll’ql’g’:ti%ra-

addmahind %%"x’?‘@f sl pbip Rl oo o,

L P B B0 at s 7 ot} i‘j'ngi B edind
?Leﬁ“’n“ﬁf‘é‘cﬁPSrlﬁ&é‘?’g%ﬂﬁgﬁ%d T, SCORE D il of

3,246 yeirametRRBLEr Migdahbnt@se SN i'fi? dt BlGlple 14

was t he object conpound. 3) Preparation o

wabemezighadohed daeat. priéades ehe krdhia sfeAREO& g@é 200 ml of
conducted in accordance with the same procedures as

cydhpsaneomds eddddj and)a sfluBvanphe piegxedpt What thi %ollﬁ%n
preparati on of a benzoxazole resin precursor, 94.4

wap drepd afH° @Sr}l i ice bath, 19.6 g (0.126 moles) of t- butyl bromlde 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 fluid, 200 ml of
lon-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 yield: 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 3,3,37,3” 5,5 5"5"- octamethyl-1,1",1”,1”-tetra-

adamantane

In accordance with the same procedures as those conducted in 1-1)
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3, 3 -bis [4-(4- am no-3-hydroxy-6- (3,
5-di net hyl - 1- adamant yl ) phenoxy) phen
yl1-5/5,7,7 -tetranethyl -1, 1' - bi adamant ane obt ai ned
in accordance with 15 the process of 1) descri bed
above was used in place of 31.5 g (0.09 nol es) of
1, 3-bi s(3-am no- 4- hydr oxyphenyl ) adamant ane used in
Exanmple 1 and 77.61 g (0.1 nole) of 5,5, 5", 5"",
of 7TEzampie , 13" excepdt ahet hiB2.41g (0.4 ioled)' 'of- Beirbaro-5,5,7,7-
adamant ane- 3, 3"' - di car boxylic acid dichloride obtained
tetrampidyldahdsadamantane wasoesssinpl@p aofddices lpel®. abhmies) of
s used in place of 20.3 g (0.10 nole) of 20
3,9 8ypRtindr1-brampadamemtane.de uded 33 Bxanpine -dstaamedhgpl-1,1°,
»henzoxazple resin _precursor was obtained. The ]
1 ﬂuﬁéira %ﬂ?%%&ﬁ? JGRE1 GRPQUMY Weirs ebiaingrl. i Piede the
enzoxazol e .res sor was obtai ned using GPC

o R P RleBy 3% ST 2 ol Salirtnn moor v Gbat the
pré%pgqga§§ﬂéSﬁ%&gagigh%ﬁgyggui)ogyn25 cor r espondi ng

ystyrene. t hesi s of

- - - - - y Jd. - t” 2 3 | t h | y b2 3
2D onre i oR P TR FESIOI R ot S 1
te@nfiaRldnxhgadamant yl ) phenol 5 Into a 2 liter flask

equi pped with a thernoneter, a DDnroth condenser, an

i nl gatd @r 500t fflge aneRHape AN 59.86-
nol es) of phenol%%ﬁl %O. Oage(oﬂ%%gzmmélz}eg) Q)é?@z ‘ibles) of

3,3L36y300R 535" % doetatuthgtlaymnt anetetiidirRh BESR ohtaShE®HPove
of nitrogen gas was introduced into the flask, and
washwerglsdl andtplaced.ur Endas theatteehmno® nitrbgert @hkUR00Am] of
condition in an oil 10 bath for 30 m nutes. Then, 800
cy@phesrangatwas waddedidedid sndsalhonbedsngareparod.ur éViils the
heat ed lImo_Ier the refluxing condition in an oil bath
Prerlit?rregcﬁo WiAREes Kerbpt 4°k m Andce bashapaed (0:252wmoles) of

t-blu%ylelgr%miﬁgeagci %f.iGdg \(\@%058 %llcﬁgs)i cl;lf 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",5”,5",
1,777, 7"-octamethyl-1,1,1”,1”-tetraadamantane of the object 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”"dibrom6'5,5’,5”,5’”,7,7’,7”,7”"octamethyl'1,1’, 17,17-tetra-
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an ice bath, and the | ower |ayer having an orange
color was solidified to obtain a white solid
substance. The white solid substance was taken out 15
by decantation, stirred twice in 500 m of a 2%
aqueous sol ution of sodium hydroxide and twi ce in 500
m of water and then filtered, and 7.8 g of 4-(1-(3,
5- di met hyl adamant yl ) phenol was obtai ned (the yield:
ad3#dntahe AyaSyetesi plak df 69283 (0.081 moles) of 3,3-dibromo-
5-di met hyl adamantyl )-4-trifl uoronet hane-
5, B0 fi8trpttrapleehzEid’ -DladahantadOGsed ih @ul) oeExechplé dgk and
equi pped with a thernmoneter, an inlet for nitrogen
5, &S, %m’ﬂ Ta7s¥T octampethyd {1 U, Ul satraedeslarshine-3,3”-dicarboxy
. 4-(1-(3,5-di net hyl adamant yl ) phenol obt ai ned above and
Lic pg1drlichionide pfth obiret eombabad was ebtadaed.-of nit r ogen
gas s intrqduced. intp the flask, and _a solution was
pr eﬂﬁﬁ% thRtasisd proguetTias sseanmed, $bp hserpties of acid

BRI PORAGT. SovP: F PR AnWoER o tieabl dnalysis, and
' . added d i;se, Aft the 152 additi :
b BRchRe B St ARAG S P ufB6LaE 67 p6® apngite.
t: . ' flyid,
TH B0 RS PSR it PRI 3R HRGHER bl
3) ag4ERNS SN UE b PRnObx SR HE0if rgéﬁfé%rwere added, and
t he obtained m xture was transferred to a separation

funmpl. rBaetidn! aves ebnd®idt¥l anetalSrdBRet AR e a8fhe

washed twice with 100 m of a saturated aqueous
praedutéomsotheedtomiwdtbdrindg) ofhERangil®yl exeehtitBatyem the

renoved by distillation under a reduced pressure using
preparatimny of evdpawzakargle aresirh. gregundor]-94.46 -¢ 30.09 moles) of

5-di et hyl adamantyl) 4-trifl uoronet hane- '
3,?é-bris[ér{ﬁlrmmam%om@@b’idﬁmeahxlt hadgieldty)gbegoxyiphen
yll %5 %’)ﬂ’%&t&?%%@‘@%léaBWI}W( gbtrinedxin JAqgerdazice with
the( %x_'ot%:létsg/ of U Qgsnczzrl ed 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
7761 g (0.1 mole) of 5,8°,67,67 71,7, 7,7 -octamethyl-1,1',1”, 1" -tetra-
adamantane-3,3”-dicarboxylic acid 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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Into a 100 mM four-necked flask equi pped with a
thernoneter, a Dinroth condenser, an inlet for
nitrogen gas and a stirrer, 2.0 g (0.0051 noles) of
1-(1-(3,5-dinethyl adamantyl )-4-trifl uoronet hanesul f ony
| oxy 15 benzene obtai ned above, 0.4 g (0.0015 nol es)
of triphenyl phosphine, 0.2 g (0.0010 nole) of copper
iodide and 1.1 g (0.0134 nol es) of
Exampleh®0 - 3- but yn-2-ol were placed, and a stream of
nitrogen gas was introduced into the flask. To the
Dy esubyaiihests xofir &9-(2:601-f (36~ dierstbiy ket dedna bty lBphyhgbethenyl)
. and.10 m  of dehydrated pyridi ne were added and
1“&ﬂ§§§ﬂﬁé@“§duﬁﬂ@@destirring. After the flow of

It [ d.f 1h , 0.2 0. 0003
11 SR e AT Seme hemanbebpbertnal ' adi um vas
madP B % cRiery gk SuERERoNIHA AntiFmmesagier gr Rimroth

o T 5L LI o SRR L0 72 P AP o

at1 on un

ph¥h8F O 2.6 OV GPoUT) AR S)W%g P%&%&lﬁ%é%@%t bfa?;arﬁlegntane

Vi scous brown” sol ution was oure

watatfihee BNIA LB A 0IBG S 0bH %aéwg%t,e gﬁ?&a%@eﬂ i ﬁ%gﬁélar%k, and

separated by filtration and wa twce w

thofrev@lt@nt niitGR Wakhheatd WA i R MRNiB6! dob@lition in_an oil
500 ™M 6f The

hydrochloric acid and twice with wat er .

batbtfai A8dnfnites. sTheh B0 niesf Whitval a3A6d URIERKAE obtained
reduced pressure, and 1.5 g of
mixtyne @@ ssheitedt hypteddhenefiukids CEnlitiboxy - o W&t byih & 10
(1-butynyl))benzene was obtained (the yield: 91%.
mipuggs By pbtaesiasilefd deparatedymywphayats) - The fluid was cooled in
5:dineghy%ﬁdanantane Into a 5 liter four-necked flask
andighhsBa apt thealomyear ey ae thewing anDprangencaon demsarlidified to
stirrer, 3.liters of n-butapol and 226 g (2.72
ob PeasYVIB’Fe B%%‘i@& RIS dr Eglfﬂd@aﬂ{tsss@éldvﬁﬂ@tfpn@cwa,s taken out
ppt.assi.um 10. hydr oxi de i ssolyed by heating under,
by R RB R Sy e Btk e 2 faudous Sotufidn of sodium
hydroxide and twice in 500 ml of water and then filtered, and 7.8 g of
4-(1-(3,5-dimethyladamantyl)phenol was obtained (the yield: 37%).
1-2) Synthesis of 1-(1-(3,5-dimethyladamantyl)-4-triflucromethane-
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-(3,6-dimethyladamantyDphenol 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. Using a dropping funnel,

trifuoromethanesulfonic acid anhydride was added dropwise. After the
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obt ai ned solution, 110 g (0.341 nol es) of

1-(1-(3,5-di nethyl adamantyl)- 4-(3-hydroxy-3-nethyl (1-

but ynyl )) benzene obt ai ned above was added. The

obt ai ned mi xture was heated under the refl uxing

condition for 30 mnutes and then cooled in a ice

bath, and the fornmed crystals were 15 separated by

filtration. The obtained crystals were washed tw ce
additidbnlwaki ¢BhpRitedt ﬂ?é"%'bt%@l@dm t

reduced pr esslare A . [Frhffﬂu% WG t&'rx%ﬁ af the room
teingletaetniy forl phieiuds) - Fo ﬁredké'%mﬂ adarend

obtained (the yield: 90%. 1-5) Synt hes(?gﬁlo %tlr%l %ceitate

argl 100 ¢l ¢fla éé&turﬁteﬂ ﬁﬁﬁﬁ)ﬁs%iﬂﬁﬁﬁh)ﬂf)sbﬂhﬁﬁ%l}ﬂon&% were added,
nyl )i sophthal ate from di methyl 5-bronoi sophthalate

eth
andwfc%e @blainede miktune- waskirentfoasdd equi REPArMid f@nnel. The
thernoneter, a Dinmroth condenser, an inlet for
layex P%Qéwlg%\@etatﬁj“@sStakemewt mﬁa ‘gaélﬁ)e(ﬂ5%1cenﬂr|1ﬁﬁ)100fml of a
|rretg 5- br orml sopht hal at e, g (0.00419 nol es) of
sa ‘:‘W%ﬁ rAAYRES P H@Onoo zsmhlgm(dl 01ﬂ¢4 Millees ethf] acqtpes was

SIS AR 5 TR aonan ena
emﬁ@f’aﬁﬁf‘fé%&%e °eq‘1tlo?fﬂ%3f45aga$ﬁy penidGdrednorome thane-
ol e e g S B R Pl %%a?yéﬁé“ i seol ved_
Nt g o L %ﬁ@e%w?%%%azw BolPety fgry 5 methyl
(1-BuehPdiodimiler i phenyl 5 phosphi ne) pal I adi um was

rapi dly added, and the resultant m xture was heated

undéntd helf)@frhllfblﬁhgn@élﬂﬂi fliaQR é@lﬁﬁe@'&ltlﬁaﬁ hthe?lrno}ne er, a
hour. Then, triethylamne and pyridine were re
ley‘ot]n s:bndé:a&ero anuirdet far hitdoead gaPr@ISHIRirrdPk @ (O 0051
cous brown sol ution was obtained. The obtaine og
mq}?éc 00k 6(&/\[’3 é@ilmeltbyﬁasdamqlmyi)edtrlﬂRQr&Q@tHQnéHulfonyloxy

water, and the for
benzene obtained above, O 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
introduced 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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10 solid substance was separated by filtration and
washed twice with 500 of water, twice with 500 of a 5
nol e/liter hydrochloric acid and twice with 500 of
wat er. The obtai ned solid substance was dried at 50C
under a reduced pressure, and 137.3 g of di nethyl
5-(2-(4-(1-(3,5-di nethyl -

adamantyl ) ) phenyl ) et hynyl )i sopht hal at e was obt ai ned

sephbgte) l%l' Hltrdpikh- aﬂéw]ahﬁ%dgarranﬁﬁ 11)55586 A 5P Wa%er fWice with

-(2-(4-(2-(3, 5-dine

B(Eh?le)d(f)dfae? rliﬁd(fo\h??msﬂeglq%}grhéﬁl@h% Q@ @n‘él' BEB%ith 500 ml of water.

Thdabmihyd s hh enfkdaidawoys Hti%@pcﬂt m@hﬁdéflﬁ%eauéed M‘@srsure
four-necked fl ask equi pped with a thernoneter,

amd nrbbh gonaénseér(1dB-dimeil @dam&nlt -8R

and 226 g (2.72 20 nol es) oyrl pot assjid?Jm ﬁBydfrr%%x?r% ﬂﬂﬁhyl
(1{tesymy hremzpha serds oktmiharbtthe iieldy By oxi de was

qh éolved by heating under the refluxing condition. To
1-theSypbhesinab 1 ddtethyoylphesy))3,§-dit 3B lanaines) taake

th 3 fikﬁﬂf( (1-(3, 5-
Hi@a ?qql) perdiedl) flaskyanpippedphithas abermometer, a
Dobt?iéned above added. The obtai ned m xture was
RUOF8 FORIGRFeYT Y %f?ttlﬂfreﬁg clbieas tafontpganel asd 226 g 6272
t l.ed b d the f d t al
g, ersapzagqlﬁan i R U R
1 15 f eth d
byfroded 6@18‘-5 grb\yaﬂgaeélﬂl%g gt 5@% af uX]g’r%C%I’%Qtlggg &p the
Obﬁéﬁlgga?ﬁﬁﬁ{(ﬁfgi(ls 1510 4B (0.34 ?E célﬁg)n tofll) §1 E 5 ﬂisneettm;maﬁ%l}
4- (Bt Al roke- %ﬁﬁth?ﬁ‘lﬂidﬁ?ﬁymﬂéﬁdh@' GbtAA&- aPobs hwas added.

Synt hesi s of

Ths- §ltafred Inix@ube i e Hoy bt amrtat Yihe p@ﬁ@ylhl)gem}/cgymh for 30

i sopht halic acid from di potassi um 5-(2-
mlgud%mﬁlﬁ]@amniqdl I -a pberdthetdnathy | Seplihahatfls were
seigispped by (A1@ian di e bplsidadumyyialy phavyiketdw vl with 1
liter of ethanol and dried at 60°C under a reduced pressure, and 81.1 g of
1-(4-ethyny1phenyl)'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 condensér, 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) (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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I sopht hal at e obt ai ned above in an anount of 9.6 ¢
(0.019 noles) was 10 dissolved into 20 m of
i on- exchanged water, and insol ubl e substances were
renmoved by filtration through a 5C filter paper. To
the filtrate, a 5 nole/liter hydrochloric acid was
added under stirring until pH was adjusted at 1, and
the formed solid substance was separated by
whi | inteddeed inRsEed Axdice it hd 9P; nged wat gr.an
filtered twice. The obt ai ng% %sel ggf%@ﬁb@f’%ﬁﬁ% %gé mi of
dedryidedteat t56KhyIaRERe Andedow o8l BF & ol
5-(2- (4- (1- (3, 5- di met hyl adamant yél })E;leﬁ%%@ﬁb?'é‘féﬁlﬁgﬂ Yresjsed
aﬂgﬁt hhﬁsd_vadl ]Einvilas stohtiagnedafibhechd elsly 88%itroke® gas was
ynt hesis o _
cogtie(4 fqrl 1 Bosr ditnth Dbt wolyhenidelobsklt-iphenyl-
[ soght halic _acid dichloride from di potassi um

pl’@sp il(edpgﬂa@gl,rg_\@amp;dly @bled, and the resultant mixture was

adamant yl ) ) phenyl ) et hynyl )i sophthal ate Into a 2 liter
he@g‘?ﬁrﬁﬁ%&"e@q F%ﬁﬂx@eﬁu ropdigion tth am pHebatdmésrern, haur. Then,

Dijnrot h condenser..and a stirrer, 121.1 g (0.24 nol es)
tl“lt%hjé]awlg CE Ryridine were removed by distillation under a reduced

-(2-(4-(1-(3,.5-di net hyl ad tyl h [ )eth [ )i
PP ST bt I ROV SRAUHBOMIAY Gbtamed. The obiained

at’e obt al
. = Gy I d d,t | tant 25
vickods e LR OR § PGP 3650 ROBCBb L aten: ene thadbrged
soid sRHIRLES) Wb sebgHAR b BliaRhE] MEEuRARRETNiEP WA 550 of

wedb etk fwitResogierang Iﬂoﬂalﬁferhﬂf&%gﬂ%ﬂ‘gc{] Sﬁ]@e %ugd dd ee? Jyith

and the obtained mxture was stirre

508 dfowtiter. AFTIRY obfiined QG O dthREd e MRS e§O
crystals forned by the cooling were S\Qgglae?a?degg%?/ under a

redudedr gireesmu@nd ands ST 3 gh ot 5Qirfibt 20040010 % - -

filt raSe and the washing fluid vver}gﬂcoﬁoi ne({i1 gﬁdd]-ﬁ%tﬁyl
adamsadnt dreay Dethyayd)sophtialete wad ebt@ineadteesicld: 75%).

fﬁr es;gyr e. The optained residue was treated twice by
16yt r 2OEEBASI tH 2bpotAssoimdi B 2rid- (2 BEr dinki teiyiydarsh Agi))-

was, r %m)vi—:)d :
phenyDethynyDisophthalate from  dimethyl 5-(2-(4-(1-(3,5-dimethyl-
adamantyl))phenyDethynyl)isophthalate

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
bydroxide 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))phenylethynyDisophthalate 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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fromthe extract by distillation under a reduced
pressure, and a crude product of a semsolid
subst ance was obtai ned. The crude product was 10
washed with dried n-hexane and recrystallized from
diethyl ether, and 38.0 g of
5-(2-(4-(1-(3,5-di net hyl adamant yl ) ) phenyl ) et hynyl )i sop
hthalic acid dichloride was obtained (the yield:
lit@46f ethbimel apdatried at&0aC ainder (Rrddrcbd pirdssure, and 142.8 o of
~5-di met hyl adamant yl ) ) phenyl ) - ethynyl)isophthalic acig
dipgitessiom de obt ai ned above are shown in the 15
foll ow ng. These data show that the obtai ned conpound
5-(Qeld- (tl\#& % gjmethyladapeumntsl))phenyDethynyl)isophthalate was

5-(2-(4-(1-(3,5-di net hyl ad tyl h l)eth )i
obiina {heacp b Goehl or [ e (COBIDECIDED)  Abpeal ance:
ite powd - -1770 cmr 1 (carboxyl i ¢ aci d
178 oSBT 0. bt LS Candidadgronip) mbeyrdy hyny D
isob UL, “4iiq’ Kl “noraeSTR, S0 WA s aulionanty )

NG 9 . 15.70% 0: 6.81% 2) Preparation
phdgyfdetmbinediithaldee

nzoxazol e resin precursor 157 The reacti on was

_ ’ ot

ChoDa a2 e (S el R Bl PP RAE R e B

isoPhERARSS i MRaRled2aBENZ A%3ZA! Smbfiat bPHIEY 80619 Wk was
0. 045 nol es) of 9, 9-bi s(3-am no-

disdolRgdr ot 1 )dt! ioarend i i
i gﬁd 24?%%0?0{5415 mol eg)ﬁ %g? ‘g,g%'r-’ g?n;&( %@%@nﬁg?éﬁﬁéﬁn%es

werdlrdmdved oghi@itydtiéd through/a-5C filter paper. To the filtrate, a 5
tetramethyl)-1, 1' - bi adamant ane obtained in 1) of

moip(libgy diytiogledpeicusei iwas 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 dipotassium 5-(2-(4-(1-(3,5-dimethyl-
adamantyl)phenyl)ethynyl)isophthalate

Into a 2 liter four-necked flask equipped with a thermometer, a
Dimroth condenser and a stirrer, 121.1 g (0.24 moles) of dipotassium
5-(2-(4-(1-(3,5-dimethyladamantyl)phenylethynyl)isophthalate obtained
above and 400 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
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pl ace of 31.5 g (0.09 noles) of 1,3-bis(3-amno - -

4- hydr oxyphenyl ) - adamant ane used in Exanple 1 and
31.64 g (0.07 noles) of the synthesis of

5,5',7, 7 -tetranmethyl -1, 1' - di adamant ane- 3, 3' - di car boxy -
lic acid dichloride 10 obtained in 2) of Exanple 14

and 13.95 g (0.03 noles) of
5-(2-(4-(1-(3, 5-di net hyl adanantyl )) phenyl)ethynyl)isop

g -  chl or] bt-ai ned ab
DD RS e B £ 0 A P ufRER P adigd. and the
e cortume ot rREATRAC 45, B RV EGET Kol e

refi@hi®C Uhdktwel Ghks ( Maled),f _&9&2@@? @rﬂ%ﬁc %2 uoegg(izogtligjg ly{jere

resin precursor was obtained using

seff@B@eoby filtdatiandai@swhohew wRhbe585n300¢ gﬁPJr‘Sfosr%Q A he
the val ue of correspondi ng pol ystyrene. 2 ’

. fili@atpandt theewBxhimg Buid #krSicembined AAAUoneONRAO 4t 40°C or

havi ng no functional group As the bi sam nopheno

lower npgene fedweed pmassugeouTheiRaitidyeHi Ny was treated twice
4,4 -di am n.obidfhenyl @t[ manuf act ured by TOKYO KASEI

by atvesteen with 200 nvlaef disshyl 26had) MiedsoeHeirowas ir@moved
having no functional group As the dicarboxylic acid

ffol’?%\ﬁ]ﬁgema?hgaft dishizlatgmoypder sopedhedd predH8eaaind a crude

or gy X A SRR S sbiiisa ke habToda BB omakopeodati was
walhEERE alicl haRShmRcuiT aeodethiiied bonuderiaajathey, and
o9 AR & B EH b s B Hhpoasta
aciffdidHloPid® was obtained (the yield: 34%).

The spectral data of 5-(2-(4'(1-(3,5-dimethyladamantyl))phenyl)-
ethynyllisophthalic 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))phenylethynylisophthalic acid
dichloride (CogHy5Cl50,):

Appearance: white powder

IR: 1800-1770 cm~1 (carboxylic acid chloride), 2260-2190 cm-1
(ethynyl group)

MS (FD) (m/z): 394 (M*+2Cl)

Elemental analysis:

calculated C: 72.26%; H:5.63%; Cl: 15.24%; O: 6.88%
found C172.41%; H:5.08%:; Cl: 15.70%; O: 6.81%

2) Preparation of a benzoxazole resin precursor
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(0.09 nol es) of
1, 3-bi s(3-am no- 4- hydr oxyphenyl ) adamant ane, and a
benzoxazol e resin precursor was obtained. The
nunber - aver age nol ecul ar wei ght (Wnh) of the obtained
10 benzoxazol e resin precursor was obtai ned usi ng GPC
manuf actured by TOSO Co., Ltd. and was found to be
17,000 expressed as the value of corresponding
pol ey r 2R tioRONPAs atbngustedihe ZcdPdaldce with the same
Bi sam nophenol conpound having no functional group (no
preceastres uanthowds cohdudtedain B pdfeRabhndydyi Nex@ept that, in the
functional group, 9, 9-bis(3-am no-
prépdnadionx w he lydnzokansle nesssy npreesirezad 1h1agc@@dhanoles) of
W th the sane procedures as those conducted in 3-1)
9, bisE-ampine- 4 hydsoxpgswnydlipyemk editbimned irc 3abh of Masmygle 9
a functignal group As the dicarboxylic acid having a
anduRAt) 6ndd- PompIes)sopibAyielfigmynd-4 Boprenabeoy i, 8.7,7-

with the sane

di chl orjde_synthesi zed i n accqr.dance _
-tetﬁaateéﬁ&b'ehla SORBEaBARELBe L IR yoidixamplepl 4 wereased in

PS5 oo Fhicis ofb-Rhs Beficela L nb R aaracs i romheny)-
B S B LR Pl o A B
of g’;%gg%&g’”@%@% 1?%%85%%5212?ﬂ%@ 5’%1851%%%’%%0% agch'lcr)]ride

.2 i 3- ; - t
oobyisl 5.7, b RIS o ecang A0 ur

5-(Qi(qmle(rgi,mimamaadmdﬂtypgﬂmy@)‘etﬁﬁnﬁ)ﬂoﬁﬂtﬂélwml e) ofcid
e, and

i sopht halic acid dichlori a 5 benzoxazol e
didhéstide plgaiiabraboas whiaiuzed. inlpéacuabe20.8ver(@d® mole) of
nol ecul ar wei ght (M) of the obtained
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., Ltd.]
was used.
2) Dicarboxylic acid having no functional group

As the dicarboxylic actd having no functional group, isophthalic
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benzoxazol e resin precursor was obtained using GPC
manuf actured by TOSO Co., Ltd. and was found to be
22,000 expressed as the value of corresponding
pol ystyrene. 10 The foll owi ng eval uati ons were
conducted using the resin filnms obtained in Exanpl es
1 to 20 and Conparative Exanple 1 and 2. The itens
and the nmethods of the evaluations are shown in the
acidotlichdmide [niEhefativabddy TEEKY OsKASEKEKO®YONChablel. lwas
15 1. Solubility A polybenzoxazole resin precursor in
usegh anount of 1 g and 3 g of N nethyl-2-pyrrolidone
wer e accurat el i ghed, placed into a glass sanple
3) corenprtiomalp H@O%%ﬁﬂ%ﬁﬁﬁﬁﬂﬂﬁﬁéﬂxwy a stirrer rod
formb hour. . The solubility was eval uated by the
Vi's OIREEHOBt i BAS o ﬁoFﬂ%CtﬁFleslé‘nc@JCSFdan@O VHA afyensame

o Redl Il UATORTRe ol PobH AP LAIORY oo

e L R R
25

O TPl TP AN TPA B b ES B o

beﬂt&@a@a@ﬁéglﬁ}, acdﬁaflwa%%fﬁﬁ%doy SEI KO | NSTRUNENTS
DVS6100] under the stream of nitrogen

gasThe INEmbbi-AiBragedenoldd@laC oRightomvel) afr ahe %tamed
tenperature elevation of 3¢ mn and a frequency of

betizoxaanlt trbeint proiradti easabbidiged opsial GiFe @Eﬁkuf&f:tﬁl%ﬁ by
S was used as the glass transition tenperature. 5 For

TOHe Geadubdersent vofs fhend ¢oper 47009 ekptdsesdals the value of

deconposi ti on,
correspondmg 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-hydroxyphenyDfluorene synthesized in accordance with the same
procedures as those conducted in 3-1) of Example 9 was used.

2) Dicarboxylic acid having a functional group

As the dicarboxylic acid having a functional group,
5-phenylethynyl- isophthalic 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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an obtained resin fil mwas exam ned using an appar at us

for nmeasuring TG DTA [manufactured by SEI KO

| NSTRUMENTS Co., Ltd.; TG DTA220] under the stream of

nitrogen gas of 200 m/mn under the condition of a

rate of tenperature elevation of 10C/ mn, and the 10

tenperature at which the decrease in the weight

reached 5% was used as the tenperature of thernal
m@@%oﬁ%@s-‘?‘bl #ranginopt-bydeessirheayhdtueomend heas lused rincplace of

capa&)iré% of . ap adhesive filmfor sem conductors was

Sl gs mplegt 06 rlaamie Smmma Adhvdrokppheny afranasiane and
ST LN T LR -
in Hlae oo UEL ¥ oTLad el kt Secehiinic A rbichoride, and a
ben Sl b BN LA WL COTS S i cleness of
reathcemfipbiabbidis YmleckRELKRAIK IR of e  ohtpined
e ATRAER. 4 u0L SAELEL Sy SRR CHCT Bt b

TOBO G380 12d/
good 4go 5453?(?@053%}%(32?3&%@,@@e§p§bsggd EXAPRL §abue of

corresponding polystyrene.

The following evaluations were conducted using the resin films
obtained in Examples 1 to 20 and Comparative Example 1 and 2. The
items and ﬁhe methods of the evaluations are shown in the following.
The obtained results are shown in Table 1.

1. Solubility

A polybenzoxazole 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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Exanpl e 4 good 450 539 2.4 or higher Exanple 5 good
446 550 2.7 15 Exanple 6 good 430 544 2.5 Exanple 7
good 441 542 2.6 Exanple 8 good 450 546 2.7 or
hi gher Exanple 9 good 450 542 2.7 20 or higher
Exanpl e 10 good 442 535 2.7 Exanple 11 good 413 528
2.3 Exanple 12 good 419 525 2.3 Exanple 13 good 430
541 2.3 25 Exanple 14 good 440 530 2.3 Exanple 15
DIg6680al ausles thes stieranpifenitfoggandad5sf 560 RAlZninOunder the
hi gher Exanple 17 good 430 533 2.2 30 Exanple 18 good
combiGiozeal 2 rate of températulx ahpyiagiobo iy dimihmimBa feuency of
Exanpl e. 20 good 416 522 2.5 Conparative poor - - - 35
1 HyaapA he tepmpssntievt Geownashileapedak of tax drpheuBedans the
glahsls gc?e%sition temperature.

For the measurement of the temperature of thermal decomposition,
an obtained resin film was examined using an apparatus for measuring
TG/DTA [manufactured by SEIKO INSTRUMENTS Co., Lid;
TG/DTA220] under the stream of nitrogen gas of 200 ml/min under the
condition of a rate of temperature elevation of 10°C/min, and the
temperature at which the decrease in the weight reached 5% was used as
the temperature of thermal decomposition.

3. Daelectric constant

The electric capacity of an adhesive film for semiconductors was
measured in accordance with the method of Japanese Industrial Standard
K 6911 using PRECISION LCR METER HP-4284 manufactured by
HEWLETT PACKARD Company at a frequency of 100 kHz, and the
dielectric constant was calculated in accordance with the following
equation:

Dielectric constant =

(obtained value of electric capacity X thickness of film) /

(permittivity of vacuum x area of measurement)
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162 As clearly shown in Table 1, in Exanples 1 to 20,
the glass transition tenperature and the tenperature
of thermal 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
smal|l dielectric constants and exhi bited excel |l ent
wor kabi lity and di el ect rigplprioperty. In Conparative
Exanple 1, no resin films could be prepared due to
abi Y,
transition, Shb.lbﬂmyrpé}]asﬂ tearitibh e Dol pedatwrp o Dikleatric
and the dielectric consteaiperadgiife 10ohthe@slSi bl @nstdnt
Conparative Exanple 2, the diel ect raL st was
great although the gl ass EJ(anSItI on te@perature apq
t he terrper ature of thernal econposi ti on” were

Hf Lent The in erlayer insul ation filmand the

EX%‘% ecbnduct or 8% ce will BEU 15 descri®¥y in the 2.7

Exgrapleohi ng. Exafpb@® 21 PrepdBhtion of a & nish for2.5

Exagopld g and a geed conduct od50evi ce The ©#hmzoxazol e2.5
resin precursor obt ai nedornl rrpl e 3 vvas 20

Exéﬂlﬁ@o&VGd I nt oghhdret hyl %Dr oI i done. gde obtainesly
tion was Flteredt aTEFL(]\I(a reglstered

traenams) filte anda Nish for i ng vvas
%%ed A si BP%n nltrldé‘ ayer was f%&ﬁed on a 2
substrate of a sem conductor and coated with the
Exampléi€h for co#e¢thg obt ai nd80above. Theb4dbrnmed 252.5
Exappple g | ayer wasd heat ed a#4250C for 1 Sfur and at2.6
Exadple $or 1 hougpodind an i nus0l ayer insusggion filng7
having a thickness of 0.g gigis forned.

Example 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 good 450 534 2.5
or higher
Example 19 good 415 532 2.2
Example 20 - good 416 b22 2.5
Comparative poor
Example 1
Comparative good 450 543 3.1
Example 2 or higher
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163 Then, a netal wiring was forned in a manner such

that the prescribed pattern was forned on the

interlayer insulation filmformed above, and a

sem conduct or devi ce was obtained. 5 Exanple 22 1)

Bi sam nophenol conpound havi ng t he di anondoi d

structure and a functional group 9,

9- bi s(3- Am no- 4- hydr oxyphenyl ) - 2,

7- s adeandnt shawnyiy | Fahler éndn Exanides zBdto 20, the glass

accordance with the_same procedures as those conducted
trangitiopotempppatarg spd theetempyrasuse rafoidysrinealadecomposibign

t he di amgndoi.d structure 1. 3-Adamat anedi car boxylic
Wefsg}lags#aﬁg@i%a rpgistancsrwan escallens: t he  sane

2 SRCEAERSE 1 220, A B gy e i
SOl‘%?‘%BPﬁ?éFoﬁ@%gF%Eet% t'{:\e/f? %ls gglr%nc? o'e%&%ig%ﬁ/ ! %}Egellent
- I | ) bi s(2-ami t her
workAb ARy B0 ML AR BB o1 boul ar wei ght. of 2, 000
[ MR ubaGLYE£GvE ExAnFte G ndHEM: Ein %m&rﬁé’rpllgﬂgmld %?—5 to

S
used. 4) Preparation of 'a benzoxazol e resi cur so

the ZbddNESIUbIING, il 3Bb OfneAEFRHERIBE thb ;
eﬁ% es) of 8, 9-bis(3-am no-4- hfd?%xypﬁge}%lgc’/?)tg%f‘g%on’ the

tempebatyadaofthigined hieydhpoktioncand® thai arleAPRVe&NYBSEnt were
di ssolved into 200 g of dried N-nethyl-2-pyrrolidone.
not pbssblel7. 4 g (0.22 noles) of pyridine was added, the
resul tant solution was cooled at -15C, and 26.1 g
( 0In0 Cewrpgradivel Fxamdpleni®, athedi dialdetoiy| cansdantl ®As great
obt ai ned above was added in small portions. After the
alt therelags transipen temperafare ead thentermporatvee ofthermal

sti rr_%d at -15C flor 1 hour. Then,
decomposition were excellent.

The interlayer insulation film and the semiconductor device will be

described in the following.

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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164 the tenperature was adjusted at the room

tenperature, and the mxture was stirred at the room

tenperature for 5 hours. After the reaction fluid was

cool ed at -15C, 40 g (0.02 noles) of poly(propyl ene

gl ycol ) - bl ock- poly(ethylene glycol)

- bl ock- pol y(propyl ene gl ycol ) bi s(2-am nopropyl ether)

5 havi ng a nunber-average nol ecul ar wei ght of 2,000

wasikefded tradpliwiwing rwasreformpedr tn onsmafiieer sudle that the

obt ai ned reaction fluid was stirred at -15C for 1
prepyibed pRétaranpesaformedwen thej iteddyer inpelatioonfilm formed

tenperature, and the reaction fluid was stirred at
aboﬁ’ﬁea?é&ﬁeﬂ%’rﬁ’%ﬁi‘é@t@?@w&ﬂ waspebtanedhen, the reaction

fluid was added to 4 liters of distilled water as

smal |l droplets. 10 The forned precipitates were
EXCO|%§$%ed and dried, and a benzoxazole resin

EBPB ur'sor having a functional group at the side chains

0. BB OBBUBIChs 843 PRE B PL RUgDRe (A o

funfbRANEDysi Ng GPC manufactured by TOSO Co., Ltd. and
unvvasﬂ%lounéﬁkto be 26,000 expressed as the value of 15

corg, 9-33@&8%19&11@'@‘%?&%&%59 nyhe, %W%ﬁ%l%ﬁﬁn@rlﬂuorene

precursor obtaine above was di ssol ved 1

synbhemidy in 2cqyrdaabd dotle thd danel jrotedutcdRUABsE cod Bt in
(a registered trade nane) filter, and a varnish for

Example digrasassedobt ai ned. A silicon nitride |ayer was
formed on a substrate of a sem conductor 20 and

2) ddwachoxilichadiddavingtlh dizonondeitistpuairai ned above.
The formed coating |ayer was heated at 250C for 1
hour3 dxtamatapdearbexylinacid synibesigad intancoedeace with the
i nsul ation film having a thickness of 0.3 gm was

SAMEPFRACHAUTG RS t}&’sﬁépﬁa“ﬁ]?eldi wolFample Bieas nped manner

s.formed on the

3) %%%F{Vgﬁ}gtq%ﬁ%%ﬁ(ﬁ’g{’ér?gg ﬂ%g%‘%ﬂsége ¥ hegbpe and a

seLand .Li‘l&{c%{ved&\i%ocrgef'/,va psoljg(tf)trglinrrll%%é glycol)-block-poly(ethylene
glycoD)-block-poly(propylene glycoDbis(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,

164



10

15

20

25

165 Exanpl e 23 The sane procedures as those conducted
in Exanple 21 were conducted except that the
foll owi ng conponents were used for the varnish for
coating. 5 1) Bi sam nophenol conpound having the
di anondoi d structure
1, 3- bi s(3- Am no- 4- hydr oxyphenyl ) adamant ane synt hesi zed
in accordance with the sanme procedures as those
the dentherttare wabaalipstedlat ties rommdent)erBtasy, Bexlythe nAgiwre
havi ng no substituents 10 As the dicarboxylic acid,
wag sfo the zwing temiperatiwe[fonduiaosur ddtdytheT@a¥ton fluid
KASEl KOGYQ Co. Ltd(i was used simlarly to ExanBIe
was| cogdpdpat kit bpiibhel (G8Apaales) fvpelymweylene glycol)-block-

poljgiﬂa?glggg iﬁii’%?ﬁFME@&G)&Eg{ﬁfgzmﬁ?@yconiS@'amipopropyl ether)

haviigsr RURTE A EREPh s 3%%3%5&%%222'@@6 Fvs?%%ét?@%m duerise

o ‘ | iy ol i . .

i o FBSEERED) S0 Y38 e oo R SRLRGIR M BRbS B

o KRGS SERCHAFAEE) i 6 80 ereomn, ond

the 2adieats Y ® wild 4P8Y a‘ﬁ"%h%%B@ntekﬁE%&%%ﬁf?ﬁ%e@hBM s, Then,
h As I goner, poly

eating 20 the reactive o pr opyl ene

the GbX&9bn Biued JrA08 ORI QDY it iktinay |
eWei ght of 4,000 [ manuf act ﬁﬁﬁ%t‘gﬁ%ﬁ?%ﬁé %@&%ﬁgplﬁs'

TheGoprdyprdeiisitd tenaserés@lloctdd Fhé R, 2018 #heAzoxazole resin
benzoxazol e resin precursor Under the stream of
preqinsoofeninma fuh&tiénagl £0up4s thel2dd cbhinsdbas obtained.
1, 3- bi s(3-am no- 4- hydr oxyphenyl ) adamant ane obt ai ned
abdihe amembder4vgrage 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 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.

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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(0. 045 nol es) of
9, 9- bi s(3-am no- 4- hydr oxyphenyl ) -2, 7- bi sadanmant yl - 166
et hynyl fl uorene were dissolved into 200 g of 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 10.2 g (0.05 noles) of isophthalic acid
chloride and 13.1 g (0.05 nol es) of
Exanuﬂed&hnantanedlcarboxyl|c aci d obt ai ned above 5 were
added in small portions. Wien the addition was
r'ﬁaheetsame tirecedwesepat thosevaendujted t sd Bxample r2dowere
nperature, and the mxture was stirred at the room
Cond‘é%éreaica%th%fr the fodlomang sppmonenss wexe weed s the ereigh
:15C, 40 g (0.01 nole) of poly(propyl ene
for Eﬂaﬂl%ﬂ) bi s- (2 am nopropyl et her) havi ng a

t,.of 4,000 10 dded

D JEBRaE gt RrtE A Rmondobetrrbae ©
f C f 1h th .
SRR SRR PR, o IR
accBAnEE AT thd pdt PRRelbed BY Most MonliBOM RIRELGhHI1

wad hdR¥ S of disti IIed water as small droplets. The

formed precipitates were collected and 15 dried, and a

2) lI¥ioaerazdiceadid hiakidy 86 WubSitdatkng a functional group

at the side chains was obtained. The nunber-average

o lAectieadicash@tylic(ddid, Bbphtlealibidd nbdoride haanatitared by
resin precursor was obtained using GPC manuf actured by
TOKPEKASEI KQGYendowddd {l oeadusenl sieni2r1906 Bxapuglesked as
t he val ue of 20 correspondl pol ystyrene. The
3) Husgminephenalesmponndcha tgetdaamdoabeﬂeynm$tructure
di ssolved i nto N-nethyl - 2 pyrrolidone and filtered
t hifetigrs(d-Amppg-daydrorEpherd)- ¢l btsa@@mmrté“}ethwyﬁl,mrene
nd.a varni sh.for cotlng was medetﬁS)The .
syn Sé%qday)e?cqorﬂmceawaah HEsRe oReRifgr sadbpes gonducted in

ExaWpR' 169 IRY%°

4) 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.
5) Reactive oligomer which can be decomposed by heating
As the reactive oligomer, poly{propylene glycolbis(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, 15.8 g (0.045 moles) of
1,3-bis(3-amino-4-hydroxyphenyl)adamantane obtained above and 31.4 g
(0.045 moles) of 9,9-bis(3-amino-4-hydroxyphenyl)-2,7-bisadamantyl-
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were eval uated in accordance with the sanme nethods as

those used for 167 evaluation of the resin film The

obtained results are shown in Table 2. For the

eval uation of the pore size, the small angle X-ray

scattering nethod was used. 5 Table 2 Solubility

A ass Tenperature Dielectric Pore transition of

thermal constant size tenperature deconposition 10
ethymylih@re(le wererdissdixednpite 200 go6dr®adN bt B- pﬁrrolidone.

her npl e 22 good 450 543 2.0 2 or 15 or higher

sthl%g (0. ZZanplee Qgpgndmmwesweﬂ thel rerul et doditio2 Avas
coofl 32165 380 EhavE (ha5 nlesyicddsonhidediacsd ohlorido and
13§ GSBsTRGI6H Rbrle IGHMEHADE AR oosPi shtminadsabove
e T S S TP et o2 o o
tencRetped) Baf Al e R oront e mgeriamanead 1B mixture Was
Stlrggtg} %g?fgéd%gﬁle qgﬁﬂ rceggt%llfeh?edgl ﬁx‘ndﬁstnh e}*i% %g%re was
cookdPaY ed1BetVe’d e(.01 mole) of poly(propylene glycol)bis-
(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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30

30 sem conductor devi ces obtained by using the
interlayer insulation filns of 168 Exanples 21, 22
and 23 and sem conductor devices having the sane
structure as the above devices except that an
insulation filmof S 02 was used. For the eval uation,
the signal delay tinme obtained by calculation from
t he correspondi ng output frequency of a ring

evabgatioh af dhevwesimfibd. Thsobtaensd pediltohrs QRBF RITHBR 2.
performances of the sem conductor devices, it was

Forc tla¢ i evaduatipat off ke sporec sizdycher smalli aagleo-giy edattRring
the present invention showed smaller delays in the

method was ysed. | an increase in the speed by about 10%
in Exanple 21 and increases in the speed by about 20%
in Exanples 22 and 23. 10 | NDUSTRI AL APPLI CABILITY In
accordance with the preséatilei2nvention, the benzoxazol e
resin_ precursor providing the pol ybenzoxazol e resin

exhi bi ti excel l ent_heat resistance can_be obtai ned.
15 In acg%i’lﬂgﬁgé’ Wi tqﬁpatsﬁe pr dsamperatyent iieleathis  Pore

benzoxazol e resin @agsitigre r eof théithal exhedistang  size
excel | ent heat resmpaaterandecmpdsigenni ttivity and

the sem conductor dey®e using tie)resin filmcan Qg
— obtained.In the case of the benzoxazole resin

or g a s ific funggional gro
Exagﬁxlggl 1Znt \t\%\r@abi It |El;%an be mai ﬁ%‘%l ned si ng%
excel l ent 20 sol ubf gckﬁferi s mai ntai ned, and heat
resi stance after the ring-closure of the oxazole ring
Exagmple2 i nprasedd. WieddPhe resin $43 m havi ng2{0i ne p@raes
is forned, in partechigltrer the resin film exhibitdpgller
excel l ent electrical properties (the dielectric
Exapiiperd y, doadparticyhgr), physigay pr opertsgs and1 or
nmechani cal properties can be 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 obtained. 169 CLAIMS 1. A benzoxazole resin
precursor conprising a repeating unit obtained by
reacti on of a bi sam nophenol conpound and a
di carboxylic acid conpound, 5 wherein the repeating
unit is a first repeating unit which is a group
sel ected froma group consisting of (a) repeating
units obtained by reaction of a bi sam nopheno
Exaopleeuftl, 22awndg2a ahdnsemicbddsétodcdeniCedtthiving the same
di carboxylic¢c acid conpound having . no_dianmpndoid
Strugt IR A r%,e alpveflevieaseercent; that ag isstlatien fiby oS4 vras
of a bi sam nophenol conpound havi ng no di anondoi d
usedy r Hor (the ewsduatidicthdeigral deday dimenpdambdhyiaadculation
di gnondoi d structure; and (c) repeating units obtained
fromthee serrespondingsamimv piresBeneo s ustng kasilagpmwas used.
i anondoi g structu and_a dicarb lic acid conpound

As eﬁ&?fg('ﬁd P DILIAE (BB RPrirmARGep ol the sepconducshdeTiees,
e RS BRASELIBRE (RS SRre o By coliel oD
v G Al SO RAY IR B AR SBbasee L e
oo BFERNALE 10 e ey 2 TUBSTIREE G by sboue

20%MEERhhJ18€ odigapagloi d structure is bonded to a
functional group other than the dianondoid structure.

25 4. The benzoxazol e resin precursor according to any
one of Clains 1 to 3, 170 '
INDUSTRIAL APPLICABILITY

In accordance with the present invention, the benzoxazole resin
precursor providing the polybenzoxazole resin exhibiting excellent heat
resistance can be obtained.

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 properties (the dielectric property,
in particular), physical properties and mechanical properties can be

obtained.
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wherei n one or both of the bisam nophenol conpound
havi ng no dianondoid structure and the di carboxylic
aci d conpound having no dianondoid structure are
conpounds having the functional group other than the
di anondoi d structure. 5 5. The benzoxazol e resin
precursor according to any one of Clains 1 to 4,
wherein the di anondoid structure is at | east one group
selected froma group €bAdM®ing of adamantyl group,
di amantyl group, triamantyl group, tetramantyl group
pent amantyl group, hexamantyl group, heptamantyl 10

1. o Beoaih ictene g oD B RaR AD9RIGE SRt obtained by
rea‘%&%’ﬂagéﬁﬁé%l{lg}gp&%%ﬁb Céfﬁtgﬁggam.{t ﬁlicag‘ﬁ)gggl:ic acid compound,
whelGh ARe TERting? sB4P is G ISR e SRRl high is @ row
Sek%ﬂgpﬁgﬁpggggﬁ%boﬂ&gﬂﬂg(&5 6. The benzoxazole resin

precursor according t6 any one of Clains 1 to 5,

(a) V\fkfifeﬁ'tﬁlgt 8idi GBrRN By YehBGbN'F J‘ﬁ?sa%n%:pﬁéh?%&ﬁ;#&)und

7. The benzoxazol e resin precursor accor

havineaddiatl @ideid 3th@tlire add MISERLBxRE abD E&ﬂngﬂﬁﬁd l‘l{aﬂ}iﬂg

ot her than the di anondoid structure has an cetyl ene

no chamdnd8id Jirecharzoxazol e resin precursor according to
any one of Clainms 1 to 7, wherein the dicarboxylic

(b) axspeatiogpunitd dheaited bpatactien efrpbisathinebaeheldcordpound
froma group consisting of phthalic acid, bisbenzoic

having go siemopdpiesiyngturarak gl dicagtwxgtlic Beid Bomphend having

.benzaxazol e resin precursor according to any one of
a dlﬁné)inﬁ,gnﬁsiggcg}re; anﬁ J Y
(c} repeating units obtained by reaction a bisaminophenol compound
having a diamondoid structure and a dicarboxylic acid compound having a

diamondoid structure.

2.  The benzoxazole resin precursor according to Claim 1, which
comprises a second repeating unit obtained by reaction of a
bisaminophencl compound having no diamondoid structure and a

dicarboxylic acid compound having no diamondoid structure.
3. The benzoxazole resin precursor according to any one of Claims 1 and
2, wherein the diamondoid structure is bonded to a functional group other

than the diamondoid structure.

4. The benzoxazole resin precursor according to any one of Claims 1 to 3,
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wherei n the dicarboxylic acid having a di anondoid
structure is at least one dicarboxylic acid selected
froma group consisting of adanmantane 5 di carboxylic
aci d, bi adamant anedi carboxylic acid and
t etraadamant ane- di caroboxylic acid. 10. The
benzoxazol e resin precursor according to any one of
Claims 2 to 9, wherein the first repeating unit and
whetietn sesendrr bptiat phgtheni bisamsnogiemdnpongpuuhdofhaving no
. copalymer. 11. The benzoxazole resin precursor
diamendetfl myreeuce and 1thavdiesrbosplipragdscempbhind having no
. rep at'ng unit represented by following formula [1]:
dla@gna%{ gingctyrecayq conpppunds Favmg) terfungtéonsiingrozg &ther
a each i phdependently represent hydrogen atom or
thaﬁﬁgegﬁaﬁwwgogfﬂa ctyrer epresents an integer of 2 to
1,000; X1 represents at |east one group selected from
a group consisting of groups represented by foll ow ng

5. ];’qu{«{'y%?z%x%%%lje} re%ﬂgp{rgduzréc:)r gCSCO% 121_1g5t0‘]a1%7 olneiof C(léijnﬂ lpto; 4,
wherein the diamondoid structure is at least one group selected from a
group consisting of adamantyl group, diamantyl group, triamanty! group,
tetramantyl group, pentamantyl group, hexamantyl group, heptamantyl
group, octamantyl group, nonamantyl group, decamantyl group,
undecamantyl group, biadamantyl group, triadamantyl group,
tetraadamantyl group, pentaadamantyl group, hexaadamantyl group,

heptaadamantyl group, octaadamantyl group, nonaadamantyl group,

decaadamantyl group and undecaadamantyl group.

6. The benzoxazole resin precursor according to any one of Claims 1 to 5,

wherein the diamondoid structure has an alkyl group.

7. The benzoxazole resin precursor according to any one of Claims 3 to 6,
wherein the functional group other than the diamondoid structure has an

acetylene bond.

8. The benzoxazole resin precursor according to any one of Claims 1 to 7,

wherein the dicarboxylic acid compound is at least one compound selected

from a group consisting of phthalic acid, bisbenzoic acid and

biphenyldicarboxylic acid.
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| O(Admp Op [2-1]] :ao<xo@I p I>01 O |
pol73i i 1-00p 510([2-2] On-(Admp O
Trr,,~(Adm) i (Adm i "To (Adm i (Adm) i j o UUo
~I (Adm. (Adm) i O0- -(Adm) O n 174 Adm _
representing adamantyl group which is a smallest unit
of the dianmondoid 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 smaller, and 5

foll ow ng formulae [3]: Ad
9. ITRERRNGRAZAS Q‘utCJSelgl 1? ecugsor a\llgcogdmg to any 01[18 ]of Cléimsrr)l 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 benzozazole resin precursor according to any one of Claims 2 to

9, wherein the first repeating unit and the second repeating unit are

components of a copolymer.

11.  The benzoxazole resin precursor according to Claim 1, which

comprises a third repeating unit represented by following formula [1]:

o 80 0
N, N—C—Y—C 8

X1~
R0 1 OR» K

wherein

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

k represents an integer of 2 to 1,000;

X; represents at least one group selected from a group consisting of:

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

172



(Xz) 9 () r Ar-(2) r (Adm p-(Xz) q (X2) g-(Adm p
10 (Adm p-(X2) aq( (Xz) g-(Adm p X ,\ (Adm p- (X) ¢
(X2) g- (Adm P (lz)g (12)g (Adm P (Adm) p 15 Adm
representi ng adamantyl group which is a smallest unit
of the dianondoid structure, p representing a nunber
of 1 or greater and 12 or snaller, X2 representing

et hynyl group or propargyl ether group, Z 20
representing -0-, -S2-, -CH2-, -C(CHg)2-, -C(CF3)2-
or an aromatic group, A representing an aromatic
group having a functionality of 3 or greater, r
representing O or 1, and q representing an integer of

represents at | east one group sel ected

ro D _Go sting of present ed by
: 7 ir [4]: 25 175 |5 [} jVr epresenti ng
5 at | east”onépgroup sel ected #ft consi sting of

groups expressed by follow ng f 15 CRJJC~

--0 CO CF3 CHs

o€ SHaamy {}0
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-S02- -0- -G -G CF3 CH3 20 [51 O\ _ - o 25 176
groups expressed by follow ng fornmul ae [6-1] and
[6-2]: 5 Q\CHCGH Q\ANCH pa ~~ -~ 10 HC t CH HC~~
c '"CHHCL CCH b802t He CHHO QA CH [6-1] 15 CH3
~~~J CH3 1 C~ CF3 H6l/' C\CHHe C, CH 0-C—~
br302_1c5. 20 CHc °~ CH3 x \ .CF3 CH, OC H3 CF3

| @i

“h oY N

N A A 0T
. p

*@ i [f /j i
10

=

{ ; ]i l ! [2-2]
Zh SN N S

(Adm); (Adm)
h o N AR
X A LA

(Adm) ; (Adm) ;
~ n Oﬁ i/\—O—Jw.\/\
P ‘ /\[%:[// =

p
(Adm), (Adm);
Zh N A
O g \Adm)p v—ou-—./
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QCHCCH 25 177 5 CHHC\CH CCHH OC CCH 10 CH2\»
5

CH21 0 QACHCCH[6-2] CHCO 1501 y CCHCH - - C
cCHCoO~C G/ \/ 20C~0~"”~CCHOB8H-, C- CCH
CH 25 178 groups represented by foll ow ng fornmul ae
[7-11 and [7-21: tGR\W\CGCRQ\CR 10 R-C"C D "
iIC\CRRCCRRC\\CGR

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

and
groups represented by following formulae [3]:
(/l\dm) p
(X2) g
E_/ O—h-@) FCQ (Adm) p—(X2) 0 = (X2) a—(Adm) p

(Adm) p—(X2) a5 /%5 (X2) a—(Adm) p
/

-

-|=,\
[3]

\g%@ﬂ?i (Adm) p- (%) g —

0|(2) q X2)q
(Admp  (Admw)p

\"//(Xz) g— (Adm) p

<
T

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-, -SO3-, ~CHjy~, -C(CHj3)y-, ~C(CF3)e- 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]):
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~CO-C\ S02/ RC \GRRCSC \GR[7-11 15\ CH3

-XCF3 _iCCH3 0~ F3 Q] RCCRRC-CCR 0 -1
S02-~'yl 20 CNCRO0$ H3 CF3ACR 6 H3 1 .~~1 \ CI
/I~ QAQCRCFCR 25179 ~..C" CC~CRRCC- R

\

tGCROCCGCGR RC 10 CH2G/ CH2 0\ C CSCG-R "\\\C -

RS%?Z]@CR\ 0GR O CsSCGR

o I
NG % \x v = 7
T @w@ [ DXEY
O O
Zosfie

groups expressed by following formulae [5]:

Sl
4

ors 0’
— 0
S T O
CF3 CHs
CF3 CHs

176
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201\ I CO GRCGC-CR 25 Rrepresenting an
organi ¢ group, 180 group expressed by follow ng
formula [8]: / C=Cj [8] and 5 groups expressed by

followng formula [9]: C1 XX -",Z c!l~~E 10 E 01,1

Y 1~1 191. 10 12. The benzoxazol e resin precursor
according to Caiml, which conprises a fourth

repeating unit repres by . fO||0MAng formula [101:
HHO O TS(WNB&PWSE%M%I lowsn gy norzertbuemsl 16-2R1

and R2 each independently represent hydrogen atom or
an organic group; mrepresents a nunber of 2 to
1,000; 20 X1 represents a group selected froma group
consi sting of the groups represented by formul ae
[2 1], [2-2] and [3], which are described in Caim

N =\ - /‘
C c X
N
o o C\\\cH
Ny NG, \
ggj E/ J E: lg
w? & F
CH HC CH HC oi
Ny 3/
E:;Iqo | ,J ﬁv\' S0
c C g .
HC// \CH HC/// C\“‘CH [6' 1]
DE
//G// OHs G (j CF—C]
HC SCH %
Ny Ny
0 3
“CH
CH
NG o CFs
I a1 Oras
' Ce = GF3 S ¢
CH C
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Y2 represents at | east one
consi sting of

group selected froma group

groups represented by foll ow ng

formulae [11-1] and [11-2]: 25 181 IV -(Adm p p p 5
t (Addmpp tolgoO i op[1l1 1 p 15 -0-(Admp O
i -02Q | 20ptoCPO25 pi -0~ (Admp -0 -u 182
0-0p Jj f
\/\ﬂ [\”\/ A A
NS S
\ 70N\ C\ C C\
fwe O et e e
= —
\|\ W \|\ </\ Wi
7 CHZ](QfﬁHZ & 0~\\:ﬁ#0
. |
% A\
\\CH C\\CH
CH [6-2]
X v
| \ S
AN < ﬂiij-O |
| ¥% \ K ¥
G
L)
CH ﬂ\j’o ;7“‘\\/C¢’CH
% 7N\
AN f—\\,c’*CH ﬂ\jo 7=\
(< [ %
A \ A
Cson Cscn
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10 Up [11-212 151 O(Adm pr p (Adm i (AdM p
20 (Adm (Adm) -0p (Adm. (Adm) 25 O (Adm

. 183 and groups represented by follow ng fornul ae
[12-1] and [12-2]: ¢ C\ (Adm p-CC C (AdmM p
(Adm p C C (Adm p (Adm p-CC (Admp to CG
(Adm) P (Adm p-C-C (Adm) p O/

groups represented by following formulae [7-1] and [7-2]:

U
C

) DI T
Ej\' - /gJ | )
o -
Gy G, \C
C-R C-R \\C-R
\%/ \ «
U/f\’J ﬂ/: /J ﬁ\\ | \ﬁ
4 C C A [ Z
R—C \ 4 C X
C_R R‘—C \\C“R R_Cf/ \\C R
Ny \
0
@)‘ ) g\\ S0y— %
/C \C\\ ¢F | '\]
R-C” R ree? “6r b
CH
f\ jcifﬁ Ny
L= GH3 “_« : N
,;,G = 3 X ﬂ/:rCFg l /]
® N
e R R ‘c-R
N /
0 &
JoT) @?“302(1]
'R # 2
O "R
DS o OFs
=~ CHa N« G l \/j
C\\ = (CFj 7
C-R C“‘c .
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[12-1] 15 (Adm) p-C C (Adm) P S02 CHs (Adm) p-e C C
(Adm) p //C~)

(Adm) P CCH3 | \J CF3 '

(Adm

CF3~:-~JC 20 (Adm) p-C G (Adm

PCYC (Ad) p ~\ CH3/ CF3 25 CH3 | \

p- C

p 0~ 1 502 \eC (Adm

,~ C (Adm P C (Adm p 184 5 cvc C

(Adm p

, YCF3 C C

(AdM p-Q C (Admp 10 G (Adm) p (Adm) p-c \C (Adm) p
CHr</ 21 O—~iO[12-21 G (AdM) p G (Adm p 15 |
4G (AdmM) p ¢ C
SIS S
N p N C C/ \C
C-R R- C-R \ N
¢ R p? “er
\ e} =
[ N }\ N\ /
g CHZ\/{\/\CHZ Z O‘"‘m.h,/\/0
L] [
\\C_'R G\\\C‘_R
I\\ C///CR [7-2]
= AN > H\ﬁio l RS
| G\ K z
C
Se-R C
Ay 0_;'“1/04 R
= L ¢?U R ﬂ/j y
S 7N 7
[ AT oy
L J [0
\ 32 \ 32
Cs «
SC-R Oser

R representing an organic group,
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C (Adm p dC (Adm) p A(AAMp 20 A\ CSC (Adm p
/[/IrO~~0\ C-0\ C (Adm p G (Adnm) p 25 185 Adm
in formulae [11-1], [11.2], [12-1] and [12-2]
representing adamantyl group which is a smallest unit
of the dianondoid structure, p representing a nunber
of 1 or greater and 12 or smaller, and i representing
a nunmber of 1 or greater_and 12 or smaller. 5 13. The
benzoxazgﬂoélpreé‘éﬁrﬁsi?rdg%}ﬁfcg&wlﬁg rauky 8o O aim 12, :
which conprises the third repeating unit described in
Claim1ll. 14. The benzoxazol e resin precursor
according to d ai \ Whi ch conprises a fifth
repeating unit refhregelizaCoy f of | owi ng formul a [ 1318
nddHOO\3 , NG 0 [13] XR'10i O R2 It 15

a dv\here'i n Rl and R2 each independently represent

hydr ogen,gLemepréded %&%ﬂh&iﬁé S nula [9]:

Ny 7 RGN
I !
NS ﬂ/J:Jij [9].

12.  The benzoxazole resin precursor according to Claim 1, which

comprises a fourth repeating unit represented by following formula {10):

HoHo 0
N‘X N=C—Y—C [10]
R10 "OR, "

wherein

R; and Ry each independently represent hydrogen atom or an
organic group;
m represents a number of 2 to 1,000;

X; represents a group selected from a group consisting of the

groups represented by formulae [2-1], [2-2] and [3], which are described in
Claim 11; and

Yy 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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n represents an integer of 2 to 1,000; 20 X3
represents at |east one group selected froma group
consi sting of. groups represented by follow ng

fornmulae [141: 25 186 R (i2) q _ 1 / (z) r \ 11 (2) r
Ar-(2) I (i2) g (I 2) g RR[141 s R(X2) gl I (X2)
g-RR(X2) q -~(X2) g RR(X2) g/ / -(X2) g-R~I Id

group or propargyl ether

X2 r esent | et hynyl

grio Z| repres gl 0 -0-, -S@-, -CH2-,

- , - C(COF3)Z- an aroma_m group, Ar

r ent i ng an ifc group h ni')gpafunctionality

of 3 or gpeater; 7epPesenting 0 or 1, and q

following formulae [151: 15 I~ 14 14

- ' 4 L \\ -c-xd- gl1'7\ \ X4\ 25 187
X4 b . | east one group s d froma
ar gansist| ng_ef groups e re| se [ } fol |l owi ng

formul ae [ 16 D

P f11-1]
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CF3 Cu3 00-C -COO0O\/ CF3 CH3 10 S02- -0 O
[16] | I~ _0015 -/ \ OHO~ O 60- and 20 Y2
represents at |east one group selected fromthe groups
represented by fornulae [11-1], [11-2], [12-1] and
[12-2] which are described in daim11l. 15. The
benzoxazol e resin precursor according to C aim 14,

whi ch 25 conprises one or both of the third repeating
unit -described in Claim1ll1 and_the fourth repeating
uni t ! descrizbed in Caim12. 188|16. The benzoxazol e
F. goursor according to an fi dains 11 to

, A Jconprises a sixth rep [ repr esent ed
by follgnng formula [171: 5 H. 0 N, NCGYj-C

Th oY N
S "\/ v—-o
P
} I 1
Th S TN N
~7 L (o
p
} i . [11-2]
I
gh 7Y 7Yy x
- O o T B
2 I\/ (Adm)p v O : -

(Adm); (Adm) ;
7 N X
R S

P

(hdm) ; (Adm) |
“h N -~k
N “F " o

Y
7““’"". (Adm)|
= =
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wherein R and R2 each independently represent
hydrogen atomor an 10 organic group; n represents an
integer of 2 to 1,000; X3 represents at |east one
group selected fromthe groups represented by fornul ae
[14] and the groups represented by fornul ae [15]; and
represents at | east one group selected fromthe
roups represented by fornulae [4], the groups
xoups edp tasehbedrbly fellp®ird farnd:lh6-[22-1] thel [apezips
represented by fornulae 15 [7-11 and [7-21, the group
expressed by fornmula [81 and the group expressed by
formula [9]. 17. A polybenzoxazole resin obtained by a
ring-closing reaction with dehydration of the
be\z xazol e resin precursor descKlbed in any one of
Eizialns 1 to 16. 18. A benzoxaZoke resin pr ecur sor
sition which conprises at q@ggt two benzoxazol e
resi ecursors selected fronw& grRup consi sting of
t he nhpn§ §ﬂgphe resi { Adersbrs deper {8 g i A ains

11 to 16, 25 conprlses at | east one enzoxazol e

recursor selected from{he enzoxazol e resin
ﬂiéigz ors described in Cai "1 15. 189 19. A
whi ch conprises the be ole resin

precuré@r described in any qﬁe of @lns 1 to 16, the

pol ybenzOxazbtim)resi pAdagos+0ed in C @madfm)y the
benzoxazol e resin precursor conposition descrl ed in

and an organi c sol vent\whi c an di ssol ve or
t he benzoxazole 5 resi p e u % t he
xazol e resin or the beps resin
precur soMyconposi tion in f|| |ch is
const it ut ot~ ifechni Pe bﬁeﬁ‘gﬂlié’zo e resin m-eamrdsnp}p

described in any one of Clains 1 to 16, the
polybenz%§§zole 10 resin described in Caim17 or the
0

benzoxa ﬂ‘gii pr ecur sor
[12-1]

P Cos
| 21 )
| (Adm) /4;;r- _T:;&b (Adm)
m _— -
|\\ 8% P m)p
= (Hy <X

G CFS
hanyp-C" %= (Adm) p ﬁij‘cgﬁii

(Adm) p-C C6- (Adm) p
PN o
> OQ s
“o- (ham) s - (Adm) p
e OB~/ CF
G AN 74
SENe] e
“C- (Adm) p C§\C-(Adm)p
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conposition described in Claim18. 21. The resin film
according to Caim20, which has fine pores having an
average dianmeter of 10 nmor smaller. 15 22. The resin
filmaccording to any one of Clains 20 and 21, which
is a filmselected froma group consisting of
interlayer insulation filnms for sem conductors,
protective filnms for sem conductors and protective
films for.etching. 20 23. A sem conductor device

whi ch conprises a resin filmdescribed in any one of
Cainms 20 to 22. 190

Y o
G £ &
C- (Adm) p (Adm)p—C C (Adm) p

B

: 'f
X
al X

C, 3,
y
C-(Adm) D (Aqm)p-C Y- (Adm) p
-
& o
CHZ\/WJCHZ’ ‘
L¢ L¢ [12-2]
c A
1\“‘ (Adm)p e (hamy o
/lp\ = gC (Adm) p
oy
X 0
G- (Adm) p

_.L:_\\‘/c(/v(:" (Adm) p

. 26~ (Adm)p A 0
O~ T

20— (A
fjj‘“ o7 RAM P 0\
A == [1// —
W ¥ )
Cs \
e - Cs
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.

13. The benzoxazole resin precursor according to Claim 12, which

comprises the third repeating unit described in Claim 11.

14. The benzoxazole resin precursor according to Claim 1, which

comprises a fifth repeating unit represented by following formula [13]:

o ¥
N\( /N‘"'C'_Yg__c [13]
3~
/T n
R,0 0R,

wherein

R; 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 a group consisting of:

groups represented by following formulae [14]:
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wn

R ~{ 2
Ol(z) g 1 (Z)TCQ

X )@ g W oo
R R
[14]

™ _r R—») g.= — (X2) g—R
o KDaR \ /7 \ 7

Xg representing ethynyl group or propargyl ether group, Z representing
-0-, -80g-, -CHjz-, ~C(CHg)g-, -C(CF3)y~ or an aromatic group, Ar
representing an aromatic group having a functionality of 3 or greater, r
representing 0 or 1, and g representing an integer of 1 to 4, and

groups represented by following formulae [15}:

XX )t

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

groups expressed by following formulae [16):

and

Y, represents at least one group selected from the groups

represented by formulae [11-1], [11-2], [12-1] and [12-2] which are

described in Claim 11.
15. The benzoxazole resin precursor according to Claim 14, which

comprises one or both of the third repeating unit described in Claim 11

and the fourth repeating unit described in Claim 12,
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16. The benzoxazole resin precursor according to any one of Claims 11 to

15, which comprises a sixth repeating unit represented by following

- formula {17]:

Ho HQ 0
N.X3/N—C—Y1—~C [17]
S

wherein R; 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] and the
groups represented by formulae [15]; and Y represents at least one group
selected from the groups represented hy 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 described in any one of

Claims 1 to 16.

18. A benzoxazole resin precursor composition which comprises at least
two benzoxazole resin precursors selected from a group consisting of the
benzoxazole resin precursors described in Claims 11 to 16, which
comprises at least one benzoxazole resin precursor selected from the

benzoxazole resin precursors described in Claims 11 to 15.
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19. A varnish which comprises the benzoxazole resin precursor described
in any one of Claims 1 to 16, the polybenzoxazole resin described in Claim
17 or the benzoxazole resin precursor composition described in Claim 18

and an organic solvent which can dissolve or disperse the benzoxazole

.resin precursor, the polybenzoxazole resin or the benzoxazole resin

precursor composition.

20. A resin film which is constituted with the benzoxazole resin
precursor described in any one of Claims 1 to 16, the polybenzoxazole
resin described in Claim 17 or the benzoxazole resin precursor

composition described in Claim 18.

21. The resin film according to Claim 20, which has fine pores having an

average diameter of 10 nm or smaller.

22. The resin film according to any one of Claims 20 and 21, which is a
film selected from a group consisting of interlayer insulation films for
semiconductors, protective films for semiconductors and protective films

for etching.

23. A semiconductor device which comprises a resin film described in

any one of Claims 20 to 22.
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