;e3eq nL L v NI CAL FIELD _ 1 _ 29 May 2002 POLYHENZOXAZOLE
RESI'N AND PRE@@“H@@M” OF The present invention relates to

pol ybenzoxazo ich are excellent 4in electrical characteristics,

t her mal “char act er'%t%'cs, nechani cal characteristics, and 5 physg@ay 2002
characteristics, and which are usable as |layer insulation filns an&(
protective fujm m C oNeRIYBENZOXAZOKE RESIN ANB{ PRECURSORTEHERECFU| t i | ayer
circuits, c mwﬂmmHWM@@ f flexible copper-clad sheets, solder resist filns,
liquid crystal-a g films, etc. 10 BACKGROUND ART Various materials such
as i norgani c mat®%als and organic materials are used as sem conduct or
materials for various parts in accordance with characteristics required.

For exanpl e, TRUMNJOAIC HIERD ation filns such as those of 15 silicon dioxide
whi ch are prepared by chem cal gas phase deposition process, are used as

| ayer insulation fil ns Ty mesaondntentsioronelztes wed hpokgbahzerbaotenent
in function and increase in performance of sem conductors, application of

i nor gani ¢ i ng@sdmisowhfiidmamd esideldent2(ini ekeckr hrall tdkataktebisbies,
difficult due to problens such as high dielectric constant, brittleness and
hi gh wat er afd@rpeilosheqast easi st e arecianicabrahd racteeset feobl 2nd,
application of organic materials is being_investigated. 2 29 May 2002
As organi @ mRfWELgRd CHRraGHeIHfhEkIOr ndreti%h T WERRARIcaDT 1VEY i ni de
resins which.are.superiqr..in heat resistance,_. chqpical characteristics
and the |1 keiNSHIBEREP 3idmss @S AraRRiia e oot JIS, LRI RAMICHARICT IRt d 5

tal -ali d il d the.like. : | yim de. [ | |
have. pr obl engorR-er BELAREAPTC RAER o B ic LoV Rt B B TR ST { hey
have two car B@”¥?e§&8ﬂs cb%g'e@-@ﬁaﬁ WGetd, NASY PdALOTINGSE PIQN £T5.
it is attenpted to inprove-el ectrical chardcteristics,
crystal-aligned films, etc.

10 BACKGROUND ART
Various materials such as inorganic materials and

organic materials are used as semiconductor materials for
various parts in accordance with characteristics required.
For example, inorganic insulation films such as those of

15 silicon dioxide which are prepared by chemical gas phase
deposition process, are used as layer insulation films for
semiconductors. However, with recent enhancement in
function and increase in performance of semiconductors,
application of inorganic insulation films of silicon

20 dioxide and the like becomes difficult due to problems such
as high dielectric constant, brittleness and high water
absorption rate. As one means for improving these
problems, application of organic materials is being

investigated.



10 water absorption and heat resistance by introducing fluorine and
trifluoronmethyl group into polyner nolecules, but the inprovenent has not
yet reached the desired |evel. Under the cifcunstances, S attenpted to
apply pol ybenzoxazol e resins which are superlor to pon|n1de 159

el ectrical characteristigs, f?&'ni‘@%été‘??gigt E{BE‘ sEﬁch?x‘dlu%tt'o% m?& Ads 1§ t°

be used for sem conductors. IS eas bénzoxazol e rési

satisfy only png f Ri&CtdF 681 FhRS tfééiﬁFC\%hlEHeE%' sﬁgo&ﬁ%&erlrﬁtﬁéast or

physi cal characteristics. For exanple ybenzoxazol e resin made from

4, 4" - di am no-r g3 stch iBelr Que/dih Phedy] @H&'ré@ﬁé?fﬂé’@%scaﬁa' dneag jmeGh angeri or
heat resi stance such as high heat deconposition resistance or hlgh Tg, but

i's not so goothéy) fteedided A oEebPEdLriesictssuebvas Uhokestrngqudast ant
and dielectric loss tangent. A polybenzoxazole 25 resin nade from

2, 2" - bi s(F ararmyerhInalrioyxyed efylnd e xadd uohiepl Dp@ne Bodetrereppbhglimddeci d
shoms good el ectrical characteristics such as |ow dielectric constant, but
is not so gomtdimﬁ1@nem]ib3td’rmeeepmbblm$ikn.e]l'dao‘srical 8haraz@elby 2002
at present, there have been obtained no resins which are excellent in all
of eIectr|caHSﬂ%ﬂ&uﬂR§|¥ﬂﬁﬁﬁ;ah&nﬁpﬁﬂomﬁﬁﬂﬁmﬁeth%Y|heVan§W9h9§rbahyl
characteristics. DI SCLQSURE OF THE | NVENTI ON 5 The object of the gresent

i nvention i s FEWRSVTITHER TG st HAT rigg rmO BXELPP opf T—heﬁi‘glpﬁP lems,

electrical characteristics,.thermal characteristics and | ow wat e

absorption. AL &5 eLhempiEd hQANRROYS QﬁF%ﬁﬁ&hﬁﬁ%ﬁP?Feéhsﬁbcﬁttenpt to
or cour sond”  SRFEReARSHTE 1o A8 IRt YAhAEd (A BCECA92 48) and (5)
ooy S ORI g g sl LS
1) R~ Rf2 okfht(the mpro@eﬂé'n"_i:athSS\Hot ﬂt zré'éccﬂé'é Nhe desired level.
Under the circumstances, it is attempted to apply
polybenzoxazole resins which are superior to polyimide
15 resins in electrical characteristics and water absorption,
to insulation materials to be used for semiconductors. It
is easy for polybenzoxazole resins to satisfy only one of
electrical characteristics, thermal characteristics or
physical characteristics. For example, a polybenzoxazole
20 resin made from 4,4’'-diamino-3,3’~dihydroxybiphenyl and
terephthalic acid has much superior heat resistance such as
high heat decomposition resistance or high Tg, but is not
so good in electrical characteristics such as dielectric
constant and dielectric loss tangent. A polybenzoxazole
25 resin made from 2,2’'-bis(3-amino-4-hydroxyphenyl)-
hexafluoropropane and terephthalic acid shows good
electrical characteristics such as low dielectric constant,

but is not so good in heat resistance and the like. Thus,



Rf~ Rfi RF2 CF3 CF3 1 ' OX Rf2 n 29 May 2002 H~ O~ -NH-"~X n (3) (5)
(2) » -5 CF30O0O~-xCF31\ N Ri Rf2 X c4) (6) The pol ybenzoxazol e
resins represented by the fornula (2) are obtained fromthe pol ybenzoxazol e
5 precursors represented by the fornula t1§,-the resins reprquqM§gsz2the
fornmula (4) are obtained fromthe precursors represented by the fornul a
(3), and theatebrgaseptpr ébextedane hren AHRANEE)NQreeHbhi WedChr 8FLt he
precursors represented by the fornmula (5).. 1Q I n the above fornulas_(1),
(3) and (5) &xdeiphentoipupdd OF eleptritdh) Mharpclshotetics: | Heegdrlof
2-1000, Rfl apnd Rf2 which may be the sa r different, denote H or

C~, FZ, ~+1, wWFPRTRRLCPABVICS eRs: Pé’t}’ﬁi&?g AL ERT 1SS 29 May 2002 -
6 29 May 2002 CnfFsro+l, mdenotes an integer of 1-10, and X denotes a

DISCLOSURE OF THE INVENTION
5 The object of the present invention is to provide
heat resistant resins excellent in all of electrical
characteristics, thermal characteristics and low water
absorption.
As a result of intensive research conducted in an
10 attempt to solve the above problems, the inventors have
found polybenzoxazole precursors represented by the follow-
ing general formulas (1), (3) and (5) and polybenzoxazole
resins represented by the following general formulas (2),

(4) and (6), and have accomplished the present invention.

15 (1)




di val ent organi c group. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Bi sam' nophenol conpounds used for preparation of 5 the pol ybenzoxazol e
precursors and resins of the present invention are represented by the
foll owi ng general formula (7), and as exampKkes thereof, nentio be nmade
of 2,2'bis(3-am’no-4-hydroxy-5-trif|uoronethylphenyl)hexafluorg%fgg%a(rﬁ@o2
2,2'-bis(3-am no-4-hydroxy-6-trifluoro 10 net hyl phenyl ) hexaf | uor opr opane,
2,2' -bi s(3-am no-4-hydroxy 2-trifluoronethyl phenyl)hexaf! uoropropane,

2, 2' - bi s(4am no- 3- hydr oxy-5-trifl uoronet hyl phenyl ) hexaf | uor opr opane,

2,2' -bi s(4-am no- 3-hydroxy-6-trifluoronethyl phenyl)hexaf! uor opropane,

2, 2" -bi s(4-am no-gB- hydroxy-2 15 trifluoromethyl phenyl)hexaf | uoropr opane,
2,2 -bis(3-am nof 4- hy%do y- 5- pent af | uor oet hyl phenyl ) hexaf | ugr opr opane,

2- ( 3am no- 4- hydyoxy- 5- | uor onet hyl phenyl ) - ©H 3- ani no- 4hy\dr oxy- 5- pent af |
uor oet hyl phenyl
2- (3ani no-4- hydr pgxy-jg-tri
am no-5-trifl 763

am no- 4- hydr oxy-5-tri Jﬁ Xy - XAt ri f1 ubBdme
2- (3am no-4- hydy oxy-5-trifl

bronetGUFéhen |)-2"-(3-hydroxy-
ronmet hyl phenyl ) exaf | uor opR

ﬂf 2-(3 233f

am no- 4- hydroxy-¥-trifluoro hylphenyl) 2(3- hydr oxy- 4a
t hyl phenyl ) hexaf | uor opr opane, and
2- (3am no- 4- hydroxy-6-trifluoronet hyl phenyl)-2'-(3-hydroxy-4 - ~ - 29 May
2002 am no-5-trifluoronet hyl phenyl) hexaf | uoropropane. These bi sam nophenol
conpounds can be used each al one or in conbination of two or nore.
Furt her nore, bi sam,nophenol conmpounds which are not represented by the
general forn~ul a (7), such as 4,4'-diam no-3, 3" -di ybi phenyl and
2,2 bis(3-am no-A-hydr oxyphenyl ) hexaf | uor opr opane, n al\so be used

- (3- hydsbxy- 4120

am no-2-trifluo

non5-trifluorone

toget her as far not damage the perf CF3 ~ NH2
| % HO ~~- CF3 ~ ) and Rf2
whi ch may be th ) C~, FZ,~+1, Iwi th the proviso

t hat at | east

ho pogition. 15 The
Fg | f rnl S greatger than 10,
di el ectric constgnt is | ow, dbut he IEsi sit ance and nechai cal
characteristics e adverse}if af f ect ed. Tpfgglcarboxylic aci ds used for
preparation of 20 'the polybenzoxazole precursors and re ndl of the pr esent
invention are represented by the undernentioned general formula (8), and
exanpl es thereof are 3-fluoroisophthalic acid, 2-fluoroisophthalic acid,
3-fluorophthalic acid, 2-fluorophthalic acid, 2-fluoroterephthalic acid,
2,4,5,6

(2)




_ g 29 May 2002 tetrafluoroi sophthalic acid, 3,4,5,6-tetrafl uorophthalic
acid, 4,4'-hexafl uoroisopropylidenedi phenyl -1, 1'di carboxylic acid,

per fl uorosuberic acid,

2,2 -bis(trifluoronethyl)-4,4"-biphenyl efiedi Car boxylic acid, 3293I'\/Ia§ 2002
bis(trifluoromethyl)-4,4"-bi phenyl enedi carboxylic acid,
2,2"-bis(trifluoronethyl)-5,5"-bi phenyl enedi car boxylic acid,

3,3 -bis(trifluoronethyl)-5,5"-bi phenyl enedi carboxylic acid, 4,4"-
bis(trifluoromethyy)-5,5" bi phenyl enedi carboxylic acid,

napht hal ene-1, 4 car boxylic acid, (-] t hal ene- 1, 5-di carboxwic acid,
napht hal ene- 1, 6- ¢gli car bgxylic _acid, napmh ene-2§$dicarboxyl c acid,

bi s(4- car boxyphenyl ) s ph fone, terephthalic acid,

i sopht hal i ¢ acl i -1,1'-d|ééqu¥%Lir ci-d The(4)

di carboxylic acijds ar {m S. ey y be used each
(8), X denotes a\dival ent /organic group. 20 t hods for progucing the

pol ybenzoxazol e recur$§f1of the present inveRfpn include,/for exanple,

t he condensati on Xeacti on nethod conprising condensation r qﬁhion of a

bi sam nophenol conpound represented by the above general for'tula (7) with a
di carboxylic acid 25 represented by the above general fornmula (8) in the
presence of a dehydration condensati on agent such as pol yphosphoric acid or
di cycl ohexycarbodi i m de, the acid g 29 May 2002 chloride nethod

conpri sing dehydroghl ori nati on condensation reaction of a ‘i sam nophenol
conmpound represenyfed by the general formula (7) with an aci\d chloride of a
di car boxylic aci formul a tNe active 5
ester nethod, an Bo ration of the

pol ybenzoxazol e
4, 4" - hexafl uorgj

catal yst such as\ N, N-di nethyl formam de, foll dued by distillifng off excess
t hi onyl chl ori de\by hea¥§ under reduced prd338re. Then, the residue is
recrystallized by\15 use of a solvent such as hexane to obyain

4, 4" - hexafl uoro i 9ppropylidenedi phenyl -1, 1' -di carboxylic cid chloride
which is an acid chloride. Thereafter, the resulting

4, 4' hexaf | uor oi sopropyl i denedi phenyl -1, 1' -di car boxylic acid chloride and
2, 2" -bi s(3-am no-4-hydroxy-5-trifluoronethyl 20 phenyl)hexafl uoropropane
which is a bi sam nophenloé pobypbendoxaceldi seslixsdreppakeyted bypeher

sol vent such as N-nethyl -2-pyrrolidone, followed by carrying out the
reaction at Hoxmwpere2 urarefobBadihed fvom theppeiybepzorathiepresence of an
aci d-acceptor such as pyridine. Thus, 25 the pol ybenzoxazol e precursor can
be obt ai red.PIRRURRANSH cFepResented cby nthef formubaeébht theenefdns
represented by the above general formulas (2), (4%$and (6) can be obtai ned
by subj ecti kFRFRS¢Hsed thhgthe fapmuba (A) 2be2obbaiked BXaRotBeprecursors
represented by the above general formulas (1), £3) and 55% t 0o condensati on
reaction tnlﬁgéﬁ?§ﬁf§ﬁ %?E%ﬁ??&F%ﬁthVaﬁH%hé%%%? dg(Ayentndthgeresins

conventi onal, JBMeliedd WP OERSYdemiBL' 55 898 LL¥EISY From the
precursors represented by the formula (5).
10 In the above formulas (1), (3) and (5) and the
formulas (2), (4) and (6), n denotes an integer of 2-1000,
Rf, and Rf, which may be the same or different, denote H or

CyFoms1r With the proviso that at least one of them is



5 as surface active agents and coupling agents are added to the resulting
resins, and these can be used as |ayer insulation filnms and protective
films for sem conductors, layer insulatiQqundilns of nultilayer circuits,
cover coats of flexible copper-clad sheets, solder resist filrggquwyggg 10
crystal -aligneg fi| g, deheteBUEhhenIRifer ¥ TUREUr S0 Sx OdehbEeHOhY
benzoxazol e ré&iHs‘in the present invention can be used together with
napht hoqui nongdjAazmte GmPLNdsragp pPhot osensitive agents to provide

phot osensitive resin 15 conpositions. The pol ybenzoxazol e precursor of the
present invention is preferably used in the state of varnish by dissolving
it in a solvent. Exanples of the solvent are N-nethyl-2-pyrrolidone, y

- but yr ol act omETAYIEDIIDEIARA PPIDNCEY sniEleINRENEHOKet hyl f or mam de, di net hy
sul f oxi de, diethyl ether, diethylene glycol dinethyl ether, diethylene

gl ycol diethyl ether, @istamiraphepglotompdungs esadr fopr ppgpematdoncolf
nononet hyl et her, dipropylene glycol nononethyl ether, propylene glycol
nmononet hylS efther PR3 yhedzaxazaka Infetursicrs, ard hyesingt afethpupyeseast at e,
met hyl - 1, 3-butyl ene gl ycol acetate, 1,3-butylene glycol-3nononethyl ether,
met hyl pyr uvdh¥ensden qaﬁwﬁﬁﬂngseﬁﬁeénhyrﬁ%¢m&91ﬁ#%@m@na€§?rﬁétﬁyrmeﬂﬁyl
ket one, and net hyl - 11 29 May 2002 isobutyl,K ketone. These can be_used
each al one of/iln” 38 ﬁtsuﬁé‘aﬁplﬁ% thenfnl, MERCHP yIRNRR 3008 Pfedulsor of

the present invention can he used in the follow nner, The_ 5 precursor
is dissolvedh%ﬁ(Sﬁgm&88fg4&&4#9ﬁ¥'é%ﬁf%#ﬁ?%ﬁﬁmﬁ{%&iggﬁ%%£f%ﬁx%ﬁ a suitable
support such I tal, .sili.con waf.er anc 1 C. S _As the
coating net hgg,ﬁc’%\g ?—?’gﬁg%dy ZUe?‘ msll) %((r)}f V@Llﬁ{;]o ?(;glfq%&\ggt yapg%il%%lg? spray
coating Wit hpas t QL i R i ng,s A e LN fter
~formation of m% ?32? ?ﬁﬁg&?i) F]r%ﬁa?l%fsa%mr/aoydﬁ'er?ﬁ mq%isS :?e Pg?%%l %hﬁ&foxﬁ‘
heat - tr eat ed oL@ re @NVMBkbmek h et R0 NHRIFIRHY g fd N- 2 RESTp M- FOR
CARRYI NG OUT THE | NVENTI ON ¥E§?brgggnt i nvention d%ll be explained in nore
15 detail byamanoeB-h aeryLQthiﬁiﬁﬁﬂHMEthyﬂpnﬁﬁy%fhéxaﬁlukiéﬁﬁﬁékﬁ@ﬁt
they are exenplary only, and should not be construed as Iimting the
present i nvegt2oAbis (4REminBRSFhydrany-6 -t r(ik)] ubridrathydrpidnylag+ on of

bi sam nophenol 20 conpound 150 Granms of 2, 2'-bis(3-am no-4-hydroxyphenyl)
hexaf | uor opr bpaaflooraprapeneed 2by ' chitsr(4l- a@liass 3chydrdcti92-was di ssol ved

in B90 m of dried N, N-dinethylformm de
15 trifluoromethylphenyl)hexafluoropropane, 2,2'-~bis(3-amino-

4-hydroxy-5-pentafluoroethylphenyl)hexafluoropropane, 2-(3-
amino-4-hydroxy-5-trifluoromethylphenyl)-2’~(3-amino-4-
hydroxy-5-pentafluoroethylphenyl)hexafluoropropane, 2-(3-
amino-4-hydroxy-5-trifluoromethylphenyl)~-2’~(3-hydroxy-4-~

20 amino-5-trifluoromethylphenyl)hexafluoropropane, 2-(3-
amino-4-hydroxy-5-trifluoromethylphenyl)-2’~(3-hydroxy-4-~
amino-6-trifluoromethylphenyl)hexafluoropropane, 2-(3-
amino-4-~-hydroxy-5-trifluoromethylphenyl)~2’~(3-hydroxy-4-
amino-2-trifluoromethylphenyl)hexafluoropropane, 2-(3-

25 amino-4-hydroxy-2-trifluoromethylphenyl)-2’~(3~hydroxy-4-
amino-5-trifluoromethylphenyl )hexafluoropropane, and 2-(3-

amino-4-hydroxy-6-trifluoromethylphenyl)-2’'-(3-hydroxy-4-



(manuf actured by Kishida Chem cal Co., Ltd., hereinafter 25 referred to as
DME"), and to the solution was added 393 g of
S-(trifluoronethyl)di benzot hi opheniumtrifl uoronethane - 12 29 May 2002
sul fonate (manufactured by Dai kin Kasei hin’Hanbai Co., Ltd.) ©vad@ay 20021 ng
with ice. Then, the solution was heated to 70C at a heating rate o¥
10C/ hour, f oRR&DRMS b rd A npregedty Jphenydaddig* i MOIQRT 9RANS hBOREE The 5
reaction was,  carried out in nitrogen atnosphere. The reaction m xture was
added to wat®BiSaBABOPRENA4UEONPONRGS, CRs baljuRabfad AR HeutPal
foll owed by extraction with diethyl ether (manufactured by Kjshida Chem cal
Co., Ltd., hEPBPHARELPN eFetWR(OLoMIT e et ﬁé‘rﬁ")’lew St MQIQWPQ\%%%O
col l ected and ether .was, distilled off. Then, .th recipitate S
SUff i ci ent | yCHBEAGEAT, PRIGR BFSafPE SERTERETSSh Hs T Ao L EoTH Mt ai n
100.5 g o , v e ;3 . ,
2. 2" ~bi s(3anf hbe 4510 3%y 4 541 FRARBIPSTSY Ay MSHENASRERIBR N h B 2 ()
Preparation il )38
5 & hoxat | Jorel o B PA (el oxRenEh I T pRkg s luaroprapane,, can also ke
by Qlariant Jagancshernbttad: 4668l thby! BRORK: Gkl HaBUH ARGk ed by
Ki shi da Chem cal é%Q? Ltd.? and 1?8 m gf dried DWVF &%re charged 1n a
reacti on vesggbesand the reaction was carried : ZO out at 60C for 2 hours.
After conpletion of the reaction, the excess thionyl chloride was distilled
of f by heating under reduced pressure. The precipitate was recrystallized
usi ng hexane (nanufactyy ﬂd by Kant o _Chem cal ﬁo Ltd.) to obtain 84.6 g of
4,4'-hexafluoroisopropyéi i Iq-aicarboxylic acid chlori de.
(3) Preparation of precuré%
p

of
mol ) of 2,2'-bis(3-am'ﬁg?a;- &g_g (7)
" hydroxy-5-trifluoronmethy € p ane was dissolved in 400 g of
dried dinethylacetam de, andqRR9.6 g (Opg,mol) of pyridine (manufactured by

Ki shida Chem cal Co., Ltd.) was added t 2the solution, foll owed by adding 5
dropwi se thereto a solution of 84.6 g (0.2 not) of 4,4

hexaf | uaqr.pi sopr | i.dened] phenyl -1, 1' -djcar boxylic_ acid chlqri in 200
oo SO AT S o b e Wbl 5 S,
El'ﬁgﬁer ?héor tcﬁ:nt zloféﬁﬁed?y? Ert? ;s Ch{jdérﬂ:) Z\T\Aﬁdm“{)&%gﬁ’ﬁ lﬂ%‘*’(ﬁ_’i%?ﬁ%%ﬁm er
and t he pr e?‘?e%%ta{b J{E vvgjsfjc%?%c%%gg '&gaﬂdr %eg%[%gt%gt %’?‘nrgan tﬁﬁeyoeonfzo&ggoo’l e ’
R ot hy - 2- B Tt U AR T Do PEESHY £ 20 85 PN D PRESBe R

0.2 ,umin S tdigyreter to obtain a varnish. The pol ybenzoxazol e precursor
obt ai ned above had a nunber-average nol ecul ar wei ght (M) of 25000

cal cul aged 20 in ternerHy OlyesSinyrane 0Iso N 5%, r@ﬁ@f@ﬁsmfdsbdrwéasco.,
Ltd. The varnish was coated on a glass sheet by a doctor blade having a gap
of 300 ~, cmIfTireris tgvemtwrs thdred Bt Ji¥ldéotric hmastantnisoveow, abdtt he
coating was peeled 25 off to obtain a pol ybenzoxazol e precursor filmof 20
,ccmin thi deadsyeshmtandd mmbmddhemiiidal achatattdr pseiamdabeat ed at 150C
for 30 mnutes, 250C for 30 mnutes and 350C for 30 m nutes successively in
this order ad¥erselyr eéfdiected.

The dicarboxylic acids used for preparation of

resin film2100.5 Grans (0.2

Z,

20 the polybenzoxazole precursors and resins of the present
invention are represented by the undermentioned general
formula (8), and examples thereof are 3-fluoroisophthalic
acid, 2-fluoroisophthalic acid, 3-fluorophthalic acid,

2-fluorophthalic acid, 2-fluoroterephthalic acid, 2,4,5,6-~



- 14 29 May 2002 atnosphere to obtain a pol ybenzoxazole resin. This resin
fil mwas evaluated on various characteristics and the results are shown in
Table 1. Exanple 2 5 68.3 Gans of 1,2,3,5-4etrafl uoro-4, 6di cyanobenzene

(manuf actured by SDS Hioteck Co., Ltd.) was added to 342 g of A S
sul furl ¢ aci dedhPrf Q8 rBIsdpAAb36! ¥edaby 3eatl BUe AT A i Fon
was heated for 3 hours undet refluxing conditions. The precipitated 10

crystal was sathi®ctedy tonsretiedrbitbpabpgiidenddipaengiil-actied crystal was
washed wi th concentrated hydrochl oric acid (manufacturéd by Wako Jun-yaku
| ndustry Co. ,didakboxyilic hedi@j rpéffedotosabbaip 42id4,0 2902/ -bis-

2,4,5, 6-tetrafl uoroi sophthalic acid. 15 A pol ybenzoxazol e resin was
prepared in tfter st oty hy-4 p4 ExXaiphengleasdepbrbbaly 154 2cd d(,0323mel )
of 2,4,5,6-tetrafl uoroi sophthalic acid chloride obtained from

2,4,5, 6-td r diaucndiSlophtdee t ity hi+4l, by-bhphenpienetihodrboxyjiepacadti,on of
acid chloride as in Exanple 1 was used in 20 place of 84.6 g (0.2 nol) of
4, 4' - hexaf | ud @ 'sdpirsdhn i eyl ) 45 45 2 dbtphenyyehedacagbokydicde of
Exanple 1. The resulting resin was eval uated sinilatlg to Exanple 1.

Exanpl e 3 A pS1ifverdzoXaiol s bk uowemetbph) =8, b h-PheheaNeeR8-manner as in
Exampl e 1, exgept that 59.0 g (0.2 nol), of .

4, 4" - oxydi ph&ERARTPORYIET A% w14 4 a‘ci%l%h\”a?-ﬂ:l‘éOB%E‘%FRB&l)-f’:515 29 May

2002 from 4, sane. net for

' .- di-pheny.l - ' - di b [ id. b h d
Fgegagg}iogf éﬁ%ﬁ%ﬁ%ﬁ%ﬁ%%é?é@ﬁxOggQa%% @'{:ﬁﬁéng ﬁ£¥?dﬁF35525¥T§§.gC?d
chi or G ?ﬁbéiaﬁ%'éaib“%[]hgé’@@%‘fﬁv’%&&ﬁ%p%@ e T e
Ex 1. : i !
manner as i nCReRTEoky} R0 MO AR S IGHT) RS SRR LS AbEapare

4, 4' - hexaf | Ufﬂhgh%ﬁ@&@%qummfrllicl' adii&,ar&cg%ﬂﬂé&édz céloride and

29.5 g (0.1 no of 4, 4'-oxydi phenyl I, 1" -di carboxylic acid chioride were

used in pl ac@iebrBéxg1dc( @cddoisqf4~carboxyphenyl)sulfone, bis(3-

4, 4' - hexaf | uor oi sopropyl i denedi phenyl -1, 1' di car boxylic acid chl oride of
Exanpl e 1. Tharbesybhieny )salrfesid) waxrepledhsslied s3id | aidgphithd X eid,
Exanpl e 5 A pol ybenzoxazol e resin was prepared in the same manner as in
Exanpl e 15 erodpt,t#habxydiphgnyd -1 Avl-digfarboxylic acid. The

4, 4" - hexaf | uor oi sopropyl i denedi phenyl -1, 1' -di carboxylic 20 acid chloride
and 27.1 g (d.lgaﬁbp)tygftcz,an:,lsl,'SGAtr@t ngft Jammd tiesh $iet Hdlase yanpiesr i dhieker e
used in place of 84.6 (0.2 nol) of . ) .

4, 4' - hexaf | uBRYi B8pREBH PaShe Al pRENPE- L1 COMRAMERAAN CHhd%P @f MR of
Exanple 1. The resulting resin was evaluated simlarly to Exanple 1. - 16

Exanpl e 6
FK)zC:'“- )('——'Cx32F| (8)

In the formula (8), X denotes a divalent organic group.

20 Methods for producing the polybenzoxazole
precursor of the present invention include, for example,
the condensation reaction method comprising condensation
reaction of a bisaminophenol compound represented by the
above general formula (7) with a dicarboxylic acid

25 represented by the above general formula (8) in the
presence of a dehydration condensation agent such as

polyphosphoric acid or dicyclohexycarbodiimide, the acid



29 May 2002 A pol ybenzoxazole resin was prepared in the same nmanner as in
Exanple 1, except that 70.4 g (0.14 nol) of

2, 2" -bi s(3-am no-4- hydroxy-5-trifluoromethyy phenyl) 5 hexafl uoropropane and
13.0 g (0.06 nol) of 4,4 -diam no3, 3' -di hydroxybi phenyl were u§gWHdeﬂfme
of 100.5 g (OGcR1éPide Ohethod com?rising deﬁydrochlorination condensation
2,2'-bis(3-am no-4-hydroxy-5-trifluoronethyl phenyl)hexaf| uoropropane of
Exanpl e 1. Theedesibhidg &ebisamiaophehodt edmpotindamepries dntap|gy thel0
Exanpl e 7 A pol ybenzoxazole resin was prepared in the same manner as in
Exampl e 1, exgepérdhafoffiuBag((Q. dinhl pnoticid chloride of a dicarboxylic
2,2'-bis(3-am no-4-hydroxy-5-trifluoronethyl phenyl ) hexaf |l uoropropane and
21.6 g (0.1 raxid afepresentiadi hp tbe3g@hediabydoormpbiapi@nyl ther eatsiew i n

pl ace of 100.5 g (0.2 nol) of

2, 2" - bi s( 3B asteen-ngiheky -Snd ritbeudibfet hyl phenyl ) hexaf | uor opr opane of
Exanple 1. The resulting resin Was evaluated simlarly to Exanple 1
Exanpl e 8 20 A pol ybenZAHGRAENG ekP nORBseyRrBPaPeAL| RTERATSAHO I®IndNeas in
Exampl e 1, except that 119.7 g (0.2 nol)_ of _ ,

2, 2" - bi s(3- aRNIRENARNABELS - Ieft UF $AEF oBY nYRBhaRYA) RBXSFRAS: BEESREne was
used in place of 100 5 (0.2 ) of . . ,

2 i s( 3 ariiE ety S T o S RERRYL AERGHPBE KR Ar Ridr opr opane of

S, A I8 L8 YL SR BB gl

i I . 43.
b e At MF N Aoy, S B Fory CRERE AT - EefiphPatatRy)
mol) of 2, 2" J¥ H3mAWdd 4dmlR¥ie to 75°C in the presence of a

trifluoromethyl phenyl’) hexafl uoropropane of Exanple 1"and that 59.0 g (0.2
mol ) of 4, 4" catedivgherdichl.ak N ad gl y Cf eehdin Lhé pr £SE1@ReqUEEd i n pl ace

of 84.6 g (0.2 nol) of
4, 4' - hexaf | udisitsiaariopy lofife eadigEre i idnyll -ch bar bde yiby chdét dng dundéopri de of
Exanple 1. The resulting resin was evaluated simlarly to Exanple 1
Conpar ati ve Eedugled prassuneienZthearoltthe axsidws js apacrystall hzed aby
manner as in Exanple 1, except that 43.2 g (0.2 nol) of 15
4, 4' - di adPnouBge3ofdiahgddyent sy lasvdexanel to ghitain of , 40ohexaf I goronol )
of 2,2'-bis(3-am no-4-hydroxy-5 trifluoronethyl phenyl)hexaf!| uoropropane of
Exanpl e 1. TAECoPESRYLiifgnesiphanyd vl rd R IRy ke A4 Biadpy e .
Conpar ati ve Ex l e 3 20 A pol yhenzoxazol e resin was prepared in the sane
P wh%gg ?s an acﬂ% éﬂiori e. Thereafter, é%er%eséﬁt{hg 4,f’—
hexafluoroisopropylidenediphenyl-1,1’'-dicarboxylic acid
chloride and 2,2’~bis(3-amino-4-hydroxy-5-trifluoromethyl~
20 phenyl)hexafluoropropane which is a bisaminophenol

compound, are dissolved usually in a polar solvent such as

N-methyl-2-pyrrolidone, followed by carrying out the

reaction at a temperature of -30°C to room temperature in

the presence of an acid-acceptor such as pyridine. Thus,

25 the polybenzoxazole precursor can be obtained.
The polybenzoxazole resins of the present
invention represented by the above general formulas (2),

(4) and (6) can be obtained by subjecting the resulting



manner as in Exanple 1, except that 43.3 g (0.2 nol) of

.2, 2" -bi s(3-am no-4- hydr oxyphenyl ) hexaf | uor opropane was used in place of
100.5 g (0.2 nol) of - 10 -
2,2'-bis(3-anino-4hydroxy-5-trif|uoronethyfphenyl)hexafluoropggnqgngEQZS
Exanpl e 1 a%dﬂ%ﬁ%ﬁ&i@-ﬁ:whﬁwﬁ4rébr@§éﬁteaef%t%xe1'awv@r oxylic
acid chloridé was used in place of 84.6 ¢ - 18 29 y 2002 (0.2 nol) of
4, 4' - hexaf | Ugediex@Ar Gitmulenedi Pheny3 y ladddi sarbexy¥bhBensiad iehl edaie itfn
Exanple 1. The resulting resin was evaluated simlarly to Exanple 1.

Conpar ative byamgat ihdp 5.1 damimg (With n®l debydrating agent in the

2, 2" -bi s(4-am nophenyl ) hexaf | uor opr opane (manufactured by Central d ass
Co., Ltd.) wesnVentdonad imand¥y g dff dieecslsdangf hyadr2opygr addiddves fsaldhowed
by addi ng dropwi se thereto a solution of 88.8 g of

hexaf | uor &i sagr spyifadenact e Eggrtshand acupl impyageneslarénmaddedctor ed
by Dai kin Kogyo Co., Ltd.) in 200 g of N-nethyl-2-pyrrolidone, at 10C in
dry nitrogentbeeresuddiingd refs i3 nmand eshegd tean doapheedoasolayre addition
the tenperature was restored to roomtenperature, followed by stirring at
room t enper atBFalpgdon Hddms andPraircuye chbinonioF xseRecandualass -
dropwi se to 1000 m, of distilled water, and the precipitate was coll ected

and dried t ol8BEAi AP§USSEYOR Jeilmse&fr é‘B’rl.tilir?eY?I‘es‘iH?%t%ol GPYieHeCOatS

di l.Lved in N nethyl-2- lid d | m de. r esi,
Pae 50" pr epaPEd ARA LEIE FARBETar A ARP S Ar Totibor e Erdibhe 5
A pol ybe 60x§§8g§aig gg was Ry B@re%tkn the same manner as in Exanple 1,
except tﬂat S2°0 ? 5 nol? of '

2,2 -bis(3-am no-4- hyd88§§hgr@§&%l’lrjr§?’)%u§%%%y§ )of’zsd,pg@giy_or opr opane

was used in place of 1

2,2 -bis(3-apLhosd= (o NAVER- TN g 1Y 0?2§§Q h : s
hexafluoropr%%g%8§8?¥g§aﬁﬁfgn%.l&vg %a e gﬁ%f%gﬂ%?ﬁ%?ﬂ;g%ﬁn%fjfs%% May

2002 The resdbhbfBetreqkihVVas phitfogeinbhediaz9vl wingdurnds tde daerel es and
t he Conparative Exanples are shown in Table 1. Table 1 5 Dielectric

const ant Heat sefsisiveaagentf) Yot eroghiger photiceencWtivandes in

12. 35100. 1Exanpl e 22. 25130. 1Exanpl e 32. 45020. 1Exanpl e 42. 45050. 1Exanpl e

52. 451101 3 Exaoppes 5Ridh&480. 1Exanpl e 72. 45200. 1Exanpl e 82. 25010. 1Conpar ati ve

Exanmpl e 13. 25250. 3Conpar ati ve

The polybenzoxazole precursor of the present

invention is preferably used in the state of varnish by
dissolving it in a solvent. Examples of the solvent are
N-methyl-2-pyrrolidone, 7 -butyrolactone, N,N-dimethyl-

20 acetamide, N,N-dimethylformamide, dimethyl sulfoxide,
diethyl ether, diethylene glycol dimethyl ether, diethylene
glycol diethyl ether, diethylene glycol dibutyl ether,
propylene glycol monomethyl ether, dipropylene glycol
monomethyl ether, propylene glycol monomethyl ether

25 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-methoxy propionate, methyl ethyl ketone, and methyl



Exanpl e 23. 05100. 3Conpar ati ve Exanpl e 33.05030. 3Conpar ati ve Exanpl e
42.74981. 1Conparative ~ Exanple 52.2 ~420 ~0.1 Dielectric constant: This
was neasured at a frequency of 1 Mz by use,of HP-4284A Precision LCR neter
made by Hew ett-Packard Co. in accordance with JIS-K6911. Heatod g SigRce:

Terperaiur sl ok rhEdlces Ducssedes et SN0

rate of 10C/ mn. 2 I'n nitrogen gas

220 meter madgPhxtet& B PeRgHl o KOGy PeK K wat er absorption: Water
absorption at a tenpera ture of 85C and a humdity of 85%for 24 hours was

measured 5 by the wei ghihdeidPnenSoshesliel peBCEZBLE bf kiR RAaERZOXazZOl €
resins of Exanples 1-8 showed good results on dielectric constant, heat

resi stance anchwéiteloralsdd e Ofisedoy®@Vehe E£B21pALYBeRaANREQ! € THeSi ns of
Conpar ative Exanples 1-3 were 10 higher in dielectric constant than those

of the Ex@mlpecddsmadsyidiskolesd ninfthenppoatki gelkeanp and whe nuch
inferior to those of the Exanples in water absorption, and the

pol ybenzoxaz alod utasim icf dCompad abvn v ExatpbkeSsuppokrbwsnchnabeagflasesi st ance
than those of the Exanples. Thus, 15 it can be seen that pol ybenzoxazol e
resins and p&ighadi.déildsian waeleng@mnd ceramiaresbstrahe. prasehhei apahingn
cannot satisfy all of dielectric constant, heat resistance and water
absorption. FEdRAGHe FHRICTERMDIR] made | of FRrbR ¢RAELIDG WéthhanSBiBEEKe
resins excellent in all of electrical characterisftics, thernm

char act er i st F8& &nFPRSA R T FREF DR Ehe SHPRIR8d BYPhéNBr e¥RHE
'nvention, TRRLEHAGS b2 PRSI AREE0! forl St Sbatlfy fitm in this
way, the film is preferably heat-treated to convert it into

a polybenzoxazole resin.

BEST MODE FOR CARRYING OUT THE INVENTION
The present invention will be explained in more
15 detail by way of the following examples. It should be
understood that they are exemplary only, and should not be

construed as limiting the present invention in any manner.

Example 1
(1) Trifluoromethylation of bisaminophenol
20 compound
150 Grams of 2,2’~bis(3-amino-4-hydroxyphenyl)~
hexafluoropropane (manufactured by Central Glass Co., Ltd.)
was dissolved in 890 ml of dried N,N-dimethylformamide
(manufactured by Kishida Chemical Co., Ltd., hereinafter
25 referred to as "DMF"), and to the solution was added 393 g

of S-(trifluoromethyl)dibenzothiophenium trifluoromethane-



present invention can be applied to various uses which 25 require
el ectrical characteristics, thermal character istics, nechanical
characteristics, and physical characterigtjgs, and can be used, for
exanple, as layer insulation filnms and protective filns for SQﬂjﬁ@Q@Hﬁ&0r31
C
d

- 21 29 May &%ﬂﬁ@%zﬁé’&?&‘f@éf@f‘eé%?ﬁﬁ%&ﬁc%' kials@.‘i];ﬁ_rinCiHra%llb!atiszc QVer

coats of flexible copper-clad sheets, So resist films, liqu

crystal -al i gnah fy lifde®tdool ing 2@itRIidBY 2082nTLAWMSsbluh iB@l YRgnzoxazol e
precursor having recurring units represented by the foll ow ng general

fornula (1): Hedtdd ¢ WE Rty Rivedtling\hedte non OediRfuEh iditeaadd Hy
2-1000, Rfl and Rf2 which may be the sanme or different, denote H or
CnF2~+1, Wi t eddvey imgp\GRo tietredct bostaoneo@ fdwere4d sh&wFz m-IiThén denot es
an integer of 1-10, and X denotes a divalent organic group. 2. A

pol ybenzoaz ddeaatdsim weeicar rissdiroutnginnmisrogenesembspghbyet heThel | owi ng
general fornula (2): (2) wherein n denotes an integer of 2-1000, Rfl and

Rf 2 whi ch mayepstion smhHimtwre Wis cadded tenedteer, oandntlizawaguepuh Laper
proviso that at |east one of themis CnF2n¥i. m denotes an integer of 1-10,
and X denot e¥af &AIMSERA SHYR/TWRH AigRtoal A HolLoead cRuz8xErpFEéansyith

havi ng recurrj.n - 2 3 29 MNay 2002 _units,. represented by the follow n
genergl forngﬁgg@g}:qqqqnw(panufgétured by Kishfﬁa ChemgcaY Co., Ltd., d

hereinafter referred to as "ether"). The ether layer was
10 collected and ether was distilled off. Then, the
precipitate was sufficiently washed with an organic solvent
such as ethyl acetate to obtain 100.5 g of 2,2’~bis(3-
amino-4-hydroxy-5-trifluoromethylphenyl)hexafluoropropane.
(2) Preparation of acid chloride
15 92 Grams of 4,4'-hexafluoroisopropylidene-
diphenyl-1,1'~dicarboxylic acid (manufactured by Clariant
Japan Co., Ltd.), 166 ml of thionyl chloride (manufactured
by Kishida Chemical Co., Ltd.) and 1.8 ml of dried DMF were
charged in a reaction vessel, and the reaction was carried
20 out at 60°C for 2 hours. After completion of the reaction,
the excess thionyl chloride was distilled off by heating
under reduced pressure. The precipitate was recrystallized
using hexane (manufactured by Kante Chemical Co., Ltd.) to
obtain 84.6 g of 4,4'-hexafluoroisopropylidenediphenyl-
25 1,1’'-dicarboxylic acid chloride.
(3) Preparation of precursor and production of
resin film

100.5 Grams (0.2 mol) of 2,2’~bis(3~amino-4-



R~ OHF3 - Ol CF\I/ NNX 3 Rr2 n (3) wherein n denotes an integer of
2-1000, Rfl and Rf2 which may be the sane or different, denote H or
CnFZm+l. with the proviso that at |least ongjof themis CnF2mti m denotes an

i nteger of 1-10, and X denotes a divalent o0rganic group. 4. A zgiggw%gg%ml

pol ybenzoxaz @§§p bhayi ' | r QQ%Q%

general formu idf(4). ?/\her%?%uéfgg%gpggpg%nﬁt)ggga%gf - C}l(%fatlgl and RfZ
whi ch may be d{esSpArEg ofndibbhegenk. gderat @ ilehyPalcdtatiidi ! mﬁdﬁesgo.rs)\ég SO
that at | east one of themis CrFZmti m denotes an integer of 1-10, and X

denotes a di ved ENtm®T padif Cp fQ&ﬂne5§ménﬁgbthﬁﬁéaxﬁyob(@.sw&@”@ﬁmi@dj ng
recurring units represented by the followi ng general formula (5): - 24

29 May 2002 Hd\-f -t ySwas affiédRto Bhe BoMiehienn Fodewv@ieds N dadieger of
2-1000, Rfl and RfZ which may be the sane or different, denote H or

CnF2, ~+1, M tdrdpwige cvheretdad sdlbedeh ofie8él 6t henvi.g @oE2ameX, 4mddenot es
an integer of 1-10,~ and X denotes a divalent organic group. 6. A

pol ybenzoxazdlexafdsiordisopxppetidenadiphenglsépil ésdatcettbbyylie fclidow ng
general fornmula (6): N O wherein n denotes an integer of 2-1000, Rfl and
Rf 2 whi ch (6)chigriste tine 200eg @f ddinethnlacegbapideratr ~CAZnin  dwyt h t he
proviso that at |east one of themis CnFZm+l~ m denotes an integer of 1-10,
and X denot eRFTAIRH aHeDryREEiIH ovb. 30 miputesy opbper ggmphgtirn-ef
PCLYBENZOXAZQLE RES].N .AND PRECURSOR THERECOF The gresen | nvention grovides
heat resista E?é@%ﬁ?%8&%&?%ﬁnt?WP%ﬁﬁF%ﬁeéV%%tF eEPrefaFgctePmstrpera-

et i o Cor GV S SIS Goa st ST E I BoF 2P cHYBERRY BT B, TORe St EPRBRF ng
ger_eral for@ﬂé%,(%%é &é@géion mixture was added dropwise to 700 ml of
distilled water, and the precipitate was collected and
dried to obtain a polybenzoxazole precursor.

The resulting polybenzoxazole precursor was

15 dissolved in N-methyl-2-pyrrolidone, and the solution was
filtered by a Teflon filter of 0.2 um in pore diameter to
obtain a varnish.

The polybenzoxazole precursor obtained above had
a number-average molecular weight (Mn) of 25000 calculated

20 in terms of polystyrene using GPC manufactured by Toso Co.,
Ltd.

The varnish was coated on a glass sheet by a
doctor blade having a gap of 300 um. Then, this was dried
at 70°C for 1 hour in an oven, and the coating was peeled

25 off to obtain a polybenzoxazole precursor film of 20 um in
thickness. This film was fixed by a metal frame and heated
at 150°C for 30 minutes, 250°C for 30 minutes and 350°C for

30 minutes successively in this order under nitrogen



| ~~CHD' C- 31 ~i-r hnwhherein n denotes an integer of 2-1000, Rfl
-and Rfz which may be the sane or different, denote Hor Cmw2ml, m denotes
an integer of 1-10, and X denotes a divaleRty Qrganic group, and the am de

group and hydroxyl group on the benzene ring are present at thg;ﬁgﬁzgoﬁ
positions or 4mhspBePastdi 8BEaiand BEhYRRMZMEEY 1R MR 115, ObPRH deFedyn
subj ecting the polybenzoxal e precursors™to ring closure. - 26 ONHCF
Rf~ Rf2 CF3 GrXfhdds ~eth RiatBEZoRIviRY 04802 hebactDris®ics and #1e29 May
2002 wherein n denotes an integer of 2-1000, Rfl and Rf2 which may be the
sane or differemiltslenpéeshbwn €aF2able W.th the proviso that at | east one
of themis CnF2mti m denotes an integer of 1-10, and X denotes a dival ent
organi c group. .A@ Af.Af L. Af[

CAFL LAY A@QU. As. Al L. As. Any. As. Ans. A" Al . A . AH As. A9s. Al " . As7. AY. AL. A AY. AE
A USQ " T t 4FEXanple 2

PP2P22222222222222222222222222222227228 T ~2~222°222222272?222222?22222?27D. @Fg

45 FgC added to 342 g of 65% aqueous sulfuric acid. The former
(#. #. 22222222X~2222222222222222222222272] 2222220=2~2~2-2~=22~| 22| 22|.21.2] | ?|
b@§99¢§$§§9799

U g L. o Vs, GLBERIHES T, HgU i ana 10ae 508 56305380, Yss ) hassissys.
PPV ?7222?722?29722°2?22?22A2??7?7
rr992599990 B PBIT R, B, A, SRS 8RS | (888 BEELIRILARR00 000

22222222432 200 10 AR Y02 WD 22020008 "R 220 02R 73R4 RE?| 20 77772
ESESRRe gy o7 i I e ?%%%9%55%%9 Gl “FPeacich ] 7and eRe

gPgP( Pg#. #. 8L A EEHRH? TXELRN? W’ washed X ¢ &fﬁﬁ%&gé& >h9deséRI8218777

S>>~~~ | | 2?2>~~~22222222727~22722?272~2?22~~2227| a: 0Z0i ,

L0, (L1 #. #2300 IRNAT AR TP W 2=y ~TndRSERY 26877 220327 28ndg>?

?pgl37777777777777777777777777777777 ~~~~~~~~~~~~~ PPV P?~~=??????7?7?7?7

22222222 222%$742974758553535050150pbthal e, aeif, shlorids, phtainsd frxom 45
2,4,5,6~tetrafluoroisophthalic acid by the same method for

preparation of acid chloride as in Example 1 was used in
20 place of B84.6 g (0.2 mol) of 4,4’'-hexafluoroisopropylidene-
diphenyl-1,1’~-dicarboxylic acid chloride of Example 1. The

resulting resin was evaluated similarly to Example 1.

Example 3
A polybenzoxazole resin was prepared in the same
25 manner as in Example 1, except that 59.0 g (0.2 mol) of

4,4'-oxydiphenyl~1,1’~dicarboxylic acid chloride obtained
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. 225D AR IR R IR 2R 2P RR R 2R 222 12 I 2002 sy
’(?’?’?777’?7’?7777:;??1"??%@?74’?,’?4’?77%’?’7%7%§%§gi7gbi>~§§g§%§$% ;’-}g’? scad ’?’L%’?‘t’;]%e’?’;’?a’;n’-?e’?’?’?’?’?’?

??.5\45 C  method forgﬁﬁﬁggration of acid chloride as in Example 1 was

~PP~P277~277
‘ooooooo§§779992> 2227 ooo9qo9ooooooo%g9ozgoooo9999ooo??goooooooogooooooooo

2299223320385 ST R R R P b 5 RS AR b5 09997
P R RRARR AR U R 01 200 0 G50 108 % 0 2GR ERRER 727777777

PPPV??V?PV????< F

222222222222, 2222222222222 22372%22272 _’2%’7’7’7’7’7’73?

AT ne R Tar T 2Rt 1A RR Al phERtd T T TN e ERAAae 0 777

. F: 1145 $pC acid chloride and 27.1 g (0.1 mol) of 2,4,5,6~tetrafluoro-
LI L] (]| #.#. 2227~~<~~~~~~~~~ P~ P~~~ Z>=>~>~>7p 2922212 154099090990979 79 2~ ~~~~

AR i L R G i i P G e e A

A o N e I i R e

?????%Pyz. ?¢ifghboxylic acid chloride of Example 1. The resulting

o| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] ca] cateaih codsagcalvateRariRilaydy! @ Example 1.

DILPTXhnzzt oj e* [ Vmhc”Y] ca] c$a] c$a] c$a] c$a] c$al] c$a] c$a] c$aly c$a] c$al] c$a] ca
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A"<PC610!'F (109%&' ()-!f (109%& ()-&L10%& ()- f)109%& ()-!(#10%&' ()-vyY
10%&'()-'% ) *+, 2~shl 10'F (" 10%& ()- 10 10 10L!#nl0%& () -
SH109& ()-')Z109%& ()-& 109& ()- 27DJILPTz[ <@l 10F" 109& () -1
1109%&' ()-Y, 109 ()-!'9l 10%uu& ()-m!-fY 10%P& ()-G! fY 10% gQMfgyzooz
Tthz}[9shIJJ§§aé?m%pQ& ()-m!"° 10%&f()-n1$810%&f()- I cP(10%
(109w ()-!#FY" 109%& ()-{peFl!'*" 10% ()- 10 10
1010%& () - @- YI0%& () - &( g&f/fbéﬁz&ﬁ.@&@e(feblﬁp@ﬁé' Préphe% (O the same
Y109 ()-10%& ()- P 10% --lc
manner as in Example 1, except that 70.4 g (0.14 mol) of
2,2'-bis(3-amino~-4-hydroxy-5-trifluoromethylphenyl)-

5 hexafluoropropane and 13.0 g (0.06 mol) of 4,4’'-diamino-
3,3'-dihydroxybiphenyl were used in place of 100.5 g (0.2
mol) of 2,2'-bis(3-amino-4-hydroxy-5-trifluoromethyl-
phenyl)hexafluoropropane of Example 1. The resulting resin

was evaluated similarly to Example 1.

10 Example 7
A polybenzoxazole resin was prepared in the same

manner as in Example 1, except that 50.3 g (0.1 mol) of
2,2'-bis(3-amino-4-hydroxy-5-trifluoromethylphenyl)-
hexafluoropropane and 21.6 g (0.1 mol) of 4,4’-diamino-

15 3,3'-dihydroxybiphenyl were used in place of 100.5 g (0.2
mol) of 2,2'~bis(3-amino-4-hydroxy-5-trifluoromethyl-
phenyl Jhexafluoropropane of Example 1. The resulting resin

was evaluated similarly to Example 1.

Example 8

20 A polybenzoxazole resin was prepared in the same
manner as in Example 1, except that 119.7 g (0.2 mol) of
2,2’-bis(3-amino-4-hydroxy-5-pentafluoroethylphenyl)-
hexafluoropropane was used in place of 100.5 g (0.2 mol) of
2,2’'-bis(3-amino-4-hydroxy-5-trifluoromethylphenyl)-

25 hexafluoropropane of Example 1. The resulting resin was

evaluated similarly to Example 1.
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acid chlorfide was used in place of 84. 2 mol) of
4,4'—hexafluoroisopropylidenediphenyl-l,1'-dicarboxylic
10 acid chloride of Example 1. The resulting resin was

evaluated similarly to Example 1.

Comparative Example 2
A polybenzoxazole resin was prepared in the same
manner as in Example 1, except that 43.2 g (0.2 mol) of
15 4,4'-diamino-3,3'~dihydroxybiphenyl was used in place of
100.5 g (0.2 mol) of 2,2'-bis(3~amino-4-~-hydroxy-5-
trifluoromethylphenyl)hexafluoropropane of Example 1. The

resulting resin was evaluated similarly to Example 1.

Comparative Example 3

20 A.polybenzoxazole resin was prepared in the same
manner as in Example 1, except that 43.3 g (0.2 mol) of
2,2'-bis(3~amino-4-hydroxyphenyl)hexafluoropropane was used
in place of 100.5 g (0.2 mol) of 2,2'-bis(3~amino~4-
hydroxy-5~trifluoromethylphenyl)hexafluoropropane of

25 Example 1 and that 59.0 g (0.2 mol) of 4,4'-oxydiphenyl~

1,1'~dicarboxylic acid chloride was used in place of 84.6 g
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5 66.9 Grams (0.2 mol) of 2,2’'-bis(4-aminophenyl)-
hexafluoropropane (manufactured by Central Glass Co., Ltd.)
was dissolved in 400 g of dried N-methyl-2-pyrrolidone,
followed by adding dropwise thereto a solution of 88.8 g of
hexafluoroisopropylidene-2,2’-bisphthalic acid anhydride
10 (manufactured by Daikin Kogyo Co., Ltd.) in 200 g of
N-methyl-2-pyrrolidone, at 10°C in dry nitrogen over a
period of 30 minutes. After completion of the addition,
the temperature was restored to room temperature, followed
by stirring at room temperature for 2 hours. Then, the
15 reaction mixture was added dropwise to 1000 ml of distilled
water, and the precipitate was collected and dried to
obtain a polyimide precursor.
The resulting polyimide precursor was dissolved
in N-methyl-2-pyrrolidone, and a polyimide resin was

20 prepared and evaluated similarly to Example 1.

Comparative Example 5
A polybenzoxazole resin was prepared in the same
manner as in Example 1, except that 150.2 g (0.2 mol) of
2,2'-bis(3-amino~4-hydroxy~5-perfluoroundecaphenyl)-
25 hexafluoropropane was used in place of 100.5 g (0.2 mol) of

2,2'-bis(3-amino-4-hydroxy-5-trifluoromethylphenyl)-
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10L" 109 10% 0& ()-' 10% 0& ()- 10% o0& ()=

&ML0% o0& ()-fFL10% o0& ()-L$I T10% o0& () - (R RRRRS<SAEQR3 10L  10%&!!10% o0& () -
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10L" 10% ! 10% 0& () -, #10% 0& Ehn@kQ¥ o ()angg J(G&/é) 0&| () - 8¥%n (%)
1096o&f()-fy#7i6?6u&f()-” H~-HHtH0 Y EY Y,
Example 1 2.3 510 0.1
Example 2 2.2 513 0.1
Example 3 2.4 502 0.1
Example 4 2.4 505 0.1
Example 5 2.4 511 0.1
Example 6 2.4 518 0.1
Example 7 2.4 520 0.1
Example 8 2.2 501 0.1
Comparative 3.2 525 0.3
Example 1
Comparative 3.0 510 0.3
Example 2
Comparative 3.0 503 0.3
Example 3
Comparative 2.7 498 1.1
Example 4
Comparative 2.2 420 0.1
Example 5
5 Dielectric constant: This was measured at a

frequency of 1 MHz by use of HP-4284A Precision LCR meter
made by Hewlett-Packard Co. in accordance with JIS-K6911.
Heat resistance: Temperature at which the weight

reduces by 5%, was measured at a heating rate of 10°C/min.



10 SH10%M& ()-:! @!10%t& ()-! @! 109 ()- 10'0 10'0
10' 0, 8" 110% 0& () - 96! 10% 0& ()- EV WAXYQYYzZX9-\;
109' "10% / & ()-!NO' "109%& ()-!, #10%& () - M @40%Z& ()- MH10% & ()-:!;

' @#10%& () - 4n RFAYERY Qad Ak Y [f98058 167521510 %ket br SHaduky

V#109%& () - : YYXZZZ2Z7ZqR3 10f SLO%&: ()-s' 10% ()- 10 10 10! D. #10%Rnk) 3502
)-S
()-

109& ()-109& () - 'LY-TOY& ()-f3109& ()-L[[[T[T[1J+3109%& ()- 109%&
109& ()- 109%Zedko HRUEHID) RO K)k. 109& ()- [[[[[[[ eA+310%+33WE109%& () -
109& ()- 109& ()- 109& ()- #33WH\\\\\\# dJ+3109%& ()- 109%& ()-

#33WH109&' () - 1098 ()- WeA%E (JbscPRidy: wAter\ab&drpeleh+3804ELenpyBat) -

10

15

20

25

ture of 85°C and a humidity of 85% for 24 hours was measured
by the weight method.

As clear from Table 1, the polybenzoxazole resins
of Examples 1-8 showed good results on dielectric constant,
heat resistance and water absorption. However, the
polybenzoxazole resins of Comparative Examples 1-3 were
higher in dielectric constant than those of the Examples,
the polyimide resin of Comparative Example 4 was much
inferior to those of the Examples in water absorption, and
the polybenzoxazole resin of Comparative Example 5 was
lower in heat resistance than those of the Examples. Thus,
it can be seen that polybenzoxazole resins and polyimide
resins having no structures of the present invention cannot
satisfy all of dielectric constant, heat resistance and
water absorption.

From the above Examples, it is clear that
polybenzoxazole resins excellent in all of electrical
characteristics, thermal characteristics and low water
absorption can be obtained by the present invention.

Therefore, the polybenzoxazole resins of the
present invention can be applied to various uses which
require electrical characteristics, thermal character-
istics, mechanical characteristics, and physical
characteristics, and can be used, for example, as layer

insulation films and protective films for semiconductors,
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of flexible copper~clad sheets, solder resist fllms, lquld

crystal-aligned films, etc.
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(1)

wherein n denotes an integer of 2~1000, Rf, and Rf, which

may be the same or different, denote H or C,F,,,,, with the

proviso that at least one of them is C,F, ,,, m denotes an

integer of 1-10, and X denotes a divalent organic group.

2. A polybenzoxazole resin having recurring units

represented by the following general formula (2):

CF,
P N
]\) c:Fl A/
o // 3\¢\ o
Rf Rf,

n

(2)

wherein n denotes an integer of 2-1000, Rf;, and Rf, which

may be the same or different, denote H or C,F,.,;, with the

proviso that at least one of them is C,F, .., m denotes an

integer of 1-10, and X denotes a divalent organic group.

3. A polybenzoxazole precursor having recurring
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wherein n denotes an integer of 2-1000, Rf, and Rf, which
may be the same or different, denote H or C,F,..,, with the
proviso that at least one of them is C,F,..,, m denotes an
integer of 1-10, and X denotes a divalent organic group.
4. A polybenzoxazole resin having recurring units

represented by the following general formula (4):

X (4)

n
wherein n denotes an integer of 2-1000, Rf, and Rf, which
may be the same or different, denote H or C,F,,.,, with the
proviso that at least one of them is C,F,.,,, m denotes an
integer of 1-10, and X denotes a divalent organic group.
5. A polybenzoxazole precursor having recurring

units represented by the following general formula (5):
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6. A polybenzoxazole resin having recurring units

represented by the following general formula (6):

(6)

wherein n denotes an integer of 2-1000, Rf; and Rf, which
may be the same or different, denote H or C,F,..,,, with the
proviso that at least one of them is C,F,,.,, m denotes an

integer of 1-10, and X denotes a divalent organic group.



