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DESCRI PTI ON * G00002* POLYMER CONTAI NI NG 9- OXO- 9- PHOSPHAFLUORENE- 2, 7- DI YL
SKELETON | N BACKBONE AND PROCESS FOR PRODUCI NG THE SAME TE The
present invention relates to a polyner containing in the bmml’lﬂ""m}
9- oxo- 9- phosphaf | uorene-2, 7-diyl skeleton that is condensed w {h
phosphorus atom Preci sely, the invention relates to such a poI yrrer t hat
contains in the backbone the skeleton or a conbination of and
a vinylene or arylene skeleton, and to a process for produ%\ ‘ﬁ m‘mwm m‘
polymer, as well as to use of thegstyrpnoNor a conmponent o scent
el enent or el ectrochrom c el enent. BACKGROUND ART Met hods of pr &@#€3" ng
9- ox0- 9- phosphaf | uor ene- based chem cals are known in the art. However, a
pol ymer that contains in the backbone a 9-oxo0-9-phosphafl uorene-2, 7-diyl

skel et on pes|, PMERBORATATNINGS 9 bbﬁ) @kﬁhQSPHA@‘E@J(ﬁKENEW? PIYL KE‘LEJTGNE‘

skel eton, and a process for producing it, as well as'the be avior of the

POLYTEr o CHTBAThORs ANDUROESCS OH@‘P%@EUS%G?W%OSFJ M Thorene

conpounds that are used as the starting nononer for the polyner, and a
process for producing themare also unknown. DI SCLOSURE OF THE | NVENTI ON

One obj eﬁéﬁm@@mnt invention is to provide a polyner that contains
inl the x0- 9- phosphaf | uorene- 2, 7-diyl skeleton or a

conbi nati on of iE skel et on, and a vi nyl eng or ar%/I ene skg eb rh and to
provi de a proce € fpae".sexbtr B)d'ﬁx&tllq{b re ﬁtgs to“a polymer containing in the backbone a

9-0x0-9-phosphafluorene-2,7-diyl skeleton that is condensed with a phosphorus atom.
Precisely, the invention relates to such a polymer that contains in the backbone the
skeleton or a combination of the skeleton and a vinylene or arylene skeleton, and to a
process for producing the polymer, as well as to use of the polymer for a component of

a luminescent element or electrochromic element.

BACKGROUND ART

Methods of producing 9-oxo-9-phosphafluorene-based chemicals are known
in the art. However, a polymer that contains in the backbone a
9-0x0-9-phosphafluorene-2,7-diyl skeleton or a combination of the skeleton and a
vinylene or arylene skeleton, and a process for producing it, as well as the behavior of
the polymer for a component of a luminescent element or electrochromic element are
unknown. In addition, 2,7-dihalo-9-alkyl-9-0x0-9-phosphafluorene compounds that
are used as the starting monomer for the polymer, and a process for producing them are

also unknown.

DISCLOSURE OF THE INVENTION

One object of the present invention is to provide a polymer that contains in



pol yner. The polymer is utilizable as, for exanple, a conponent of a

| um nescent el enent or electrochrom c el enent. Another object of the
invention is to provide a 2, 7-dihal o-9-al kyl -9-o0xo0-9-phosphaf | uorene
conmpound which is used as the starting nonomer for the polyner, and a
process for producing the conpound. BEST MODES OF CARRYI NG OUT THE

| NVENTI ON The invention relates to a polyner that contains in the backbone
a 9-oxo-9-phosphafl uorene-2, 7-diyl skeleton and a vinyl ene skel eton of the
f ol | owi nthe baskbor afBoxeHephosphafinoreac{2rbdigs skéletonpooduaintgnitihe pbihenrer, and
to a lumnescent elenent or an electrochrom c elenent that contain the
pol ymer . skeldton pwhewiiyleneQr arpiices@idicn, and id gtvideongrocedrfor prddudisg @ aryl ene
group), or a vinylene group of the follow ng general fornmula [I%]: R ~

Lrlrd polpmehi chheRpoli@iF @5 afilisable Ry d6O8RanAEOM cotpoRBtltl ANAllinsdtbst i t ut ed
al kyl, cycloal kyl, "~ aryl or aral kyl group, ‘a cyano group, or an

al koxycaglbp ol9EIesRochidtflic! diedlBi. PAREHeP obRRY of MLV ont ﬁetﬁoﬂrgizﬂdg Lhain in
the formula); 2 R represents a hydrogen atom or an optionally-substituted
al kyl, cyel | ralkyvb. I | or
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aryl oxy group; and 'n indicates a from Eo la [1]
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gener al

BEST MODES OF CARRYING OUT THE INVENTION

The invention relates to a polymer that contains in the backbone a
9-0x0-9-phosphafluorene-2,7-diyl skeleton and a vinylene skeleton of the following
general formula [I], to a process for producing the polymer, and to a luminescent

element or an electrochromic element that contain the polymer.

1]
[wherein -Q- represents a single bond, -Ar- (Ar is an arylene group), or a vinylene

group of the following general formula [I1]:

- (1]

(in which R' represents a hydrogen atom, an optionally-substituted alkyl, cycloalkyl,
aryl or aralkyl group, a cyano group, or an alkoxycarbonyl group, and it may bond to

any carbon of the olefin chain in the formula);



formula [I111] : (wherein R and n have the same neani ngs as above). Formul a
[I] where -Q is -Ar- represents a polyner that contains in the backbone a
9- ox0- 9- phosphaf | uorene-2, 7-di yl skel eton and an aryl ene skel eton of the
followi ng general forrmula [IV]: (wherein Ar and n have the sanme neani ngs as
above). Formula [I] where -Q is a vinylene group of fornula [I1]
represents a polyner that contains in the backbone a

9- ox0- 9- phosphaf | uorene-2, 7-diyl skel eton and a vinylene skel eton of the

f ol | owi nB mgpreserd$ afhdmgdea dtdth; of ¥ PtipmdibrwibstitRiedRIkgndysiodikyle atdlieylsane
meani ngs as above). In fornmulae [I], [III], [IV] and [V], R represents a
hydr ogenamt, aikoxgr cytoallofib kg redlkylosy bs ht;ﬂ@ﬁyegfoaﬂa katld, n ﬁbd@daﬂ@ dyintegar &t Kyl ,
aryl, al koxy, cycloal kyl oxy, aral kyl oxy or aryloxy group. The aIkyI group
of the opbmo@lJoposubstituted al kyl group for R may be a linear or
branched al kyl group preferably having froml to 20, nore preferably from1l

to 15 carbon atmgg. ¢1]swﬁé&m@j .68 aaslifgwﬁgmegre%éml onymé}rthhtsfbn%lf?ﬁexyl

i so- sec- or tert-b n-, 1S0O- Sec- rt- or 'neo-penty

et Y| e oRkbdle o 2 BB NGRANN)- 8L PURSOlSY BCHIRUIN JBhAHP of the

optlonal y-su stltute groub preferably "ha &5 to 18,
nor e pref%ggl Lrom 5 to 10 carbon atons. Its exanples are cyclopentyl,
cycl ohexyol III octyl and cycl ododecyl groups. The aral kyl group of the
optionally- substltuted aral kyl group for R preferably has from7 to 13,
nore preferably from7 to 11 carﬂ%nfhtons. Its exanpl es are benzyl,

N
% )

(wherein R and n have the same meanings as above).

Formula [I] where -Q- is -Ar- represents a polymer that contains in the
‘backbone a 9-oxo0-9-phosphafluorene-2,7-diyl skeleton and an arylene skeleton of the

following general formula [IV]:

O\\P’ R
n

(wherein Ar and n have the same meanings as above).
Formula [I] where -Q- is a vinylene group of formula [II] represents a
polymer that contains in the backbone a 9-0x0-9-phosphafluorene-2,7-diyl skeleton and

a vinylene skeleton of the following general formula [V7]:

V]




phenet hyl and napht hyl met hyl groups. The aryl group of the
optionally-substituted aryl group for R preferably has from6 to 18, nore
preferably from6 to 14 carbon atons. Its exanples are phenyl, naphthyl,
tolyl and xylyl groups. The al koxy group of the optionally-substituted

al koxy group for R preferably has from1l to 20, nore preferably from1 to
15 carbon atons. Its exanples are nethoxy, ethoxy, n- or iso-propoxy, n-,
i so-, sec- or tert-butoxy, n-, iso-, sec-, tert- or neo-pentyl oxy,

n- hexyl oxy, n-heptyl oxy, n-octyloxy and 2-octyl oxy groups. The
cycl oal kyl oxy group of the optionally-substituted cycl oal kyl oxy group for

R prefer@@h&eﬂﬂ%Ii%Hwh5m§@ﬂé%mn€%&%n9{@B@Mﬁﬁky from5 to 10 carbon atoms.
Its 4 exanpl es are cycl opentyl oxy, cyclohexyloxy, cyclooctyloxy and

cyclododecyloxymg(ggﬁﬁte }Tegﬂ a%&y ﬁ I QUR, Q%mh?qlﬂgﬁbg pre ; S4tbgt i tut ed

ar al kyI oXy group rom érably from?7

to | t

napht hyI %Q%llgxsgg%}t%%%?@#h fo?{ g%;ﬁ‘]éfb{ﬁé}’; * R0 %ﬁﬁ%ﬁ){) s@gg)f tuted
aryl oxy %;g " preferably has from6 to 18, nore preferably from6 to
14 carbon |ﬂ¥g? S exanples are phenoxy, 1 - or 2- naphthyloxy, t ol yl oxy

and xylyl oxy ar The subst, tuent for th se, a ar al kyl ,
aryl ,yal koxy, @t}l‘g@ﬂ%ﬁ @‘?"@x?ﬁtﬂ}fr gpLaAR Xﬁu'%ﬁtu ted ﬁ‘hﬁiygr@f%gﬁs |Iﬁéf Raes }‘(lzr
exanpl e, .an al kyl u such as h hyl or iso an a oxy
ar oup suéﬁe%rsorﬁ%wgi@ afky) Bi5¥p Prefiet foly gwgrgoé Lo 0o PRete wﬁfvofrpm

chl ori ne, brom ne, iodine. Except these, any other substituent not

i nt er f er (S WM ARMpol Kearremahessttr drethyl. el Br 68 dssPopylp nodses 55§ Phe

pol ymer of the invention is acceptable for these groups
tert-butyl, n-, iso-, sec-, tert- or neo-pentyl, n-hexyl, n-heptyl, n-octyl, 2-octyl and

n-nonyl groups.

The cycloalkyl group of the optionally-substituted cycloalkyl group for R
preferably has from 5 to 18, more preferably from 5 to 10 carbon atoms. Its examples
are cyclopentyl, cyclohexyl, cyclooctyl and cyclododecyl groups.

The aralkyl group of the optionally-substituted aralkyl group for R preferably
has from 7 to 13, more preferably from 7 to 11 carbon atoms. Its examples are benzyl,
phenethyl and naphthylmethyl groups.

The aryl group of the optionally-substituted aryl group for R preferably has
from 6 to 18, more preferably from 6 to 14 carbon atoms. Its examples are phenyl,
naphthyl, tolyl and xylyl groups.

The alkoxy group of the optionally-substituted alkoxy group for R preferably
has from 1 to 20, more preferably from 1 to 15 carbon atoms. Its examples are
methoxy, ethoxy, n- or iso-propoxy, n-, iso-, sec- or tert-butoxy, n-, iso-, sec-, tert- or
neo-pentyloxy, n-hexyloxy, n-heptyloxy, n-octyloxy and 2-octyloxy groups.

The cycloalkyloxy group of the optionally-substituted cycloalkyloxy group

for R preferably has from 5 to 18, more preferably from 5 to 10 carbon atoms. Its



In formula [IV], Ar represents a substituted or unsubstituted arylene
group, of which the arylene group has from6 to 14 carbon atons.
Concretely, it includes 1, 4-phenylene, 2-nethyl- 1,4-phenyl ene,

2,5-di nethyl -1, 4- phenyl ene, 2,3 -dinethyl- 1,4-phenyl ene,

2,3,5 6-tetranmethyl - 1, 4-phenyl ene, 2, 5-di net hoxy- 1, 4- phenyl ene,

2, 5-di hexyl oxy- 1, 4- phenyl ene and 2, 5-bi s(I-nethyl heptyl oxy) -1, 4- phenyl ene
groups. In fornulae [111 and [V], R is a hydrogen atom an

opt i onal kyaniplestdré WyRbpedtylokly, S¥ohealéy), . c@lodcty@bxyaraal Ky clédodedylody cyano
group, or an al koxycarbonyl group. For the definitions and the exanpl es of
t he al ky rugy'cloalkyl, aryl or aralkyl group of the optionally-substituted
al kyl, ¢ 51 al kyl, aryl or aralkyl for R, and also for the definitions

and Lie Sxanpl ety kb SRR HERL ok SSEBAOURBIISLELERH T Lhe

5 sanme as those nen or respective
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exanpl es ar.e t hoxyc onyl .. et haxycarbonyl . n- or iso-propoxycarbonyl,
ne ' so- s 8?%5%@"@%?3%38%%%%%1@%?‘5?4%?igtgoalpé- sec:tert o
neo- pent oxycar ,_N- hexoxycafbonyl, . n:heptoxycarbo , _Nn-oct.oxycarbony
and > oct oxycar bERIYEREUBOUPROT 5 piaRals SIYINS] LENIOSY ERUPORa I i t 6
of the fornula. The polynmer of forpul I11] may be produced through
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fol |l ow ng eneral formula [VI]: (wherein R has the sanme neani ng as above,
and X reﬁfedg@ﬁt)&%d'ﬁb?'@g@ﬁhﬂf)bmwlyl%%ﬁﬁélxé@’lw grA¥Pal ogen atom for X in

formula [VI] are chlorine, bromine and iodine atons.
The substituent for these alkyl, cycloalkyl, aralkyl, aryl, alkoxy,

cycloalkyloxy, aralkyloxy and aryloxy groups includes, for example, an alkyl group
such as methyl, ethyl, n- or iso-propyl; an alkoxy group such as methoxy, ethoxy; and a
halogen atom such as fluorine, chlorine, bromine, iodine. Except these, any other
substituent not interfering with the polycondensation in the process of producing the
polymer of the invention is acceptable for these groups.

In formula [IV], Ar represents a substituted or unsubstituted arylene group, of

which the arylene group has from 6 to 14 carbon atoms. Concretely, it includes

1,4-phenylene, 2-methyl-1,4-phenylene, 2,5-dimethyl-1,4-phenylene,
2,3-dimethyl-1,4-phenylene, 2,3,5,6-tetramethyl-1,4-phenylene,
2,5-dimethoxy-1,4-phenylene, 2,5-dihexyloxy-1,4-phenylene and

2,5-bis(1-methylheptyloxy)-1,4-phenylene groups.

In formulae [II] and [V], R' is a hydrogen atom, an optionally-substituted
alkyl, cycloalkyl, aryl or aralkyl group, a cyano group, or an alkoxycarbonyl group.

For the definitions and the examples of the alkyl, cycloalkyl, aryl or aralkyl
group of the optionally-substituted alkyl, cycloélkyl, aryl or aralkyl for R', and also for

the definitions and the examples of the substituents for these groups, referred to are the



The pol ycondensation effectively goes on in the presence of a transition
net al - based chem cal substance, especially a | owval ance transition

net al - based chem cal substance that is active to organic hal ogen conpounds
in a reaction node generally known as oxidative addition reaction. The
transition netal is preferably a latter-period transition netal of G oups
8 to 10 of the Periodic Table. Concretely, it includes, for exanple, iron,
rut henium cobalt, rhodium iridium nickel, palladiumand platinum

Especi al sampasshesermehtiosedhhakmbbovEhfer Rawspeeatierhze transi ti on net al - based

chem cal substance may be previously prepared, or may be prepared in situ
by adding a reThcdlkgkyag®ohyltgeowp foir Ghérprvfetie end taifahing R al@kalgrdigsed

chem cal substance and nay 6 be directly used in the reaction as it is. The

reduci nghagen froh ¢ty des mcfr@ réR%@BR! fom @@@Ilgrea%n%m%' dBs ekéﬁlﬂbym%' umi ni um
hydride, netal zinc, and hygra2|ne Preferably, the anount of
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polycondens tion ffec i,ouUs eratures but is generally
ef f ect ed” hteatox¥ceaﬁlf)oe atnu(?cg Y& Onl \é\/\%é?f(ycﬁoﬁ P¥C, preferabl y between

0 and 150C. Preferabl t he de t|on i.S cted in a solvent. The
solvent inclu ﬁﬁpﬁéQ %BO%PQ&‘ Sﬁﬁﬂﬁpa hexanethylphosphoryl
i nzene, te rahﬁﬁ ofuran The a of th sol vent

triamde, tol
to be used in uﬁ?ef ecH(’)ﬁE)ert hé)fpo;il Ben |0H’a1’>’s 6t F caThF?/u fined
but faIIs general | y between preferably between I and 20 niL

rel at i vedeglorpehyendgpsatipy ofi ar%ﬂﬁgﬁ]alwmr%ah@pbame@ phdbpHatpyeene.

general formula [VI]:

O, R

\\P/
poies
“ , V1]
(wherein R has the same meaning as above, and X represents a halogen atom).

Examples of the halogen atom for X in formula [VI] are chlorine, bromine
and iodine atoms.

The polycondensation effectively goes on in the presence of a transition
metal-based chemical substance, especially a low-valance transition metal-based
chemical substance that is active to organic halogen compounds in a reaction mode
generally known as oxidative addition reaction. The transition metal is preferably a
latter-period transition metal of Groups 8 to 10 of the Periodic Table. Concretely, it
includes , for example, iron, ruthenium, cobalt, rhodium, iridium, nickel, palladium and
platinum. Especially preferred is nickel. The low-valence transition metal-based

chemical substance may be previously prepared, or may be prepared in situ by adding a

reducing agent to a higher-valence transition metal-based chemical substance and may



After the reaction, the reaction mxture nmay be post-treated through per-se
known extrusion crystallization, filtration or washing with water, and the
reaction product may be readily isolated and purified through
reprecipitation or the like. The polynmer of fornmula [IV] may be produced by
di ssolving the 2,7-dihal o-9-o0xo0-9-phosphafluorene of fornmula [VI] in a

sol vent followed by polycondensing it wth an aryl enebi sboronic acid of
the follow ng general formula [VII]: (HO)ZB-Ar-B(C]—l)Z [VIT] (wherein Ar

has the $amret®RANkdYirAtheaROMBN: afltab er TR resitp! f2nOinclldes, afoy lenaples bor oni ¢
acid are 1, 2- phenyl enebi shoronic 7 acid, 1,3-phenyl enebisboronic aci d,

1,4- phen%cﬁﬁﬁrbdo‘f&ﬁfd%@ [ARiuthalurginilRh H}‘Jlﬂd]e ﬂrepil"%ﬁw ERERY GO N FrefRFablY,

|rret yl -1, 4- phenyl enebi sboroni c” aci d
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pheny enebi sboroni c ac
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aryl enebi sboron c acid (ih H dtgfor t he pol ycondensation nmay fall

bet ween G°%P 3 Hay, gy eelHEeE edg(r’ $4rabl y between 0 7 and 1.2 equival ents

relative to one lequr\{ale of the 2,7- d;gh ch 9- 0X0- 1[0 osgahaflu rene to be
reacted with it!l Yrondensaimdndy &5 FHpst yatg?:’)%réoqén CIRPCIAtYEST APt @Y rate
in the presence of a paI | adi um cat al yst. Various known types of pall adium
cat al yst eeegralbe fé«rrmdﬁedemmrﬁturﬁaélr@beéweearﬂoraadﬂﬁaT%rpéeeegweéW@

Especial ly preferred are 2-valent conplexes wth a ligand of a tertiary
phosphi n@nél5@°ér.ti ary phosphite. Al so preferred is an

Preferably, the polycondensation is effected in a solvent. The solvent
includes, for example, N,N-dimethylformamide, hexamethylphosphoryl triamide,
toluene, benzene, and tetrahydrofuran. The amount of the solvent to be used in
effecting the polycondensation is not specifically defined but falls generally between
0.1 and 100 mL, preferably between 1 and 20 mL relative to 1 mmol of the starting
2,7-dihalo-9-0x0-9-phosphafluorene.

After the reaction, the reaction mixture may be post-treated through per-se
known extrusion crystallization, filtration or washing with water, and the reaction
product may be readily isolated and purified through reprecipitation or the like.

The polymer of formula [I[V] may be produced by dissolving the
2,7-dihalo-9-ox0-9-phosphafluorene of formula [VI] in a solvent followed by
polycondensing it with an arylenebisboronic acid of the following general formula
[vIII:

(HO),B-Ar-B(OH), [VII]

(wherein Ar has the same meaning as above).

Preferred examples of the arylenebisboronic acid are 1,2-phenylenebisboronic



enbodi nent of using a suitable precursor that may be readily converted into
such a |owvalence conplex in the reaction system Still also preferred is
an enbodi ment that conprises mxing a conplex not having a tertiary
phosphi ne or phosphite as a ligand with a tertiary phosphine or phosphite
to thereby forma | owval ence conpl ex having such a ligand of a tertiary
phosphi ne or phosphite in the reaction system Various types of tertiary
phosphines and tertiary phosphites are useful for the Iigand of good

potency h&idany of 3ihesBencBBbORfR Prefcrsred exapmhernebisidicl | ganddf or use
in the reaction are tri phenyl phosphlne dlphenylnethyl phosphi ne,

phenyl di i i
-bis(dip F&% Sﬁﬁﬁgas?gﬁéﬁéupzﬁﬁp19hﬁﬁg%@ﬁgEgﬂg@%ﬁg@%ﬁ?ﬁgO%gr?ggene

trimet hyb fﬁiﬁ‘%@g}htl%-pﬁéﬁ(} etn'e%lg&ﬁmﬁc an‘ao thlhﬁvm/l %"ﬂe?lﬁﬁ:ﬁe 1%1 oflf a&'dga”d of

atertiary p hosb erern as

conbi ned o ? trcq: e? Fﬁ P¥ J }he above-nenti oned | i gands |§clude,
but not Plﬁ ?% R} %§”§§ Rgﬁcetone)palladlunl paIIadlunl tetate,
di chl or ohi

enzoni t
di chl or o0 STEERS Mhﬂwbagwﬁi ulfifs 75 Bap gL lencbisboronc
bi shexaf | ugr opge n ona I.) bi.s t anedi onat e.
Pref erred® %’Ripféz’ %?"}ﬂﬁnlyé%ﬂ ﬂ@’%)r gg@ﬁ?’legll)@&?fﬁ? g‘i&@s for use herein are
di met hyl bi s(tri phenyl phosphi ne) p Iadlu
di met hyl bi s( di pﬁg ypﬁg}t@ g Af %%I]llf: aalﬁdpnbe used for the polycondensation
di met hyl bi s(di net hyl pheny hosphlne)pallad
di net hy| Bay( fal; l@theerbﬁésfmqo Acypivaleats, prgferably between 0.7 and 1.2 equivalents
(ethylene)bls(trlphenyl hln‘épalladlunl
t et r aki s@@lﬂﬁl%@mﬂe[ﬂqbw hg thal2, adihaler9-0x0-9-phosphafluorene to be reacted with
bi s(tricycl ohexyl phosphi ne) pal | adi um and
di chl or olf. s(t ri phenyl phosphi ne) pal | adi um

The polycondensation rapidly goes on at a preferred rate in the presence of a
palladium catalyst. Various known types of palladium catalyst may be employed, but
preferred are low-valence complexes. Especially preferred are 2-valent complexes
with a ligand of a tertiary phosphine or tertiary phosphite. Also preferred is an
embodiment of using a suitable precursor that may be readily converted into such a
low-valence complex in the reaction system.

Still also preferred is an embodiment that comprises mixing a complex not
having a tertiary phosphine or phosphite as a ligand with a tertiary phosphine or
phosphite to thereby form a low-valence complex having such a ligand of a tertiary
phosphine or phosphite in the reaction system. Various types of tertiary phosphines
and tertiary phosphites are useful for the ligand of good potency in any of these
methods.

Preferred examples of the ligand for use in the reaction are triphenyl

phosphine, diphenylmethyl phosphine, phenyldimethyl phosphine,

1,4-bis(diphenylphosphino)butane, 1,3-bis(diphenylphosphino)propane,



The amount of the palladiumconplex to be used herein falls between 0.00001
and 20 equivalents, preferably between 0.0001 and 2 equivalents relative to
one equivalent of the starting 2,7-di hal o-9- oxo-9- phosphaf | uorenone.
Preferably, the coupling reaction with the palladium conplex is pronoted by
a base. For it, various types of inorganic or organi c bases may be used.
Their exanples are |ithium carbonate, sodium carbonate, potassium
carbonate, lithium hydroxide, sodium hydroxi de, potassium hydroxi de,
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oxi de, barlun1hydrOX|de trilithium phosphate, trisodi um phosphate,
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react i onpﬁ]ﬁ%fi"b‘@ngf Hg‘?m%ﬂl’?'ﬁg?“@@mé‘}“ %chB@p 155‘3’5 fangteet f ect ed
T500. erat%dé%a%&%“%ﬁ%% LN S@%péﬁeocwné’é Sev e USExHABraTD
150C. I a s Yef [ t f the
sol vent are N, N- di net hyl f or mam 6& hexanmet hyl phosphoryl triam de, tol uene,
benzene, d"’@ﬁhb‘btﬁ%‘ﬁ’hﬁ’n Rosapeaiadiui. and water. For pronmoting the

polycondensatlon ampunt of the solvent to be used is not specifically
def i ned, dbuet nlbwédlahqrylm@thylﬁhwbmm lagium,and 100 nl, preferably between 1
and 20 nL, relative to 1 nmmol of the starting

2, 7- di haldonghplbis(dimsthydpiteayipbhesphing)palladium,
dimethylbis(triethylphosphine)palladium, (ethylene)bis(triphenylphosphine)palladium,
tetrakis(triphenylphosphine)palladium,  bis(tricyclohexylphosphine)palladium, and
dichlorobis(triphenylphosphine)palladium.

The amount of the palladium complex to be used herein falls between 0.00001
and 20 equivalents, preferably between 0.0001 and 2 equivalents relative to one
equivalent of the starting 2,7-dihalo-9-0x0-9-phosphafluorenone.

Preferably, the coupling reaction with the palladium complex is promoted by
a base. For it, various types of inorganic or organic bases may be used. Their
examples are lithium carbonate, sodium carbonate, potassium carbonate, lithium
hydroxide, sodium hydroxide, potassium hydroxide, lithium oxide, sodium acetate,
potassium acetate, magnesium oxide, calcium oxide, barium hydroxide, trilithium
phosphate, trisodium phosphate, tripotassium phosphate, cesium fluoride, cesium
carbonate, aluminium oxide, trimethylamine, triethylamine,
N,N,N',N'-tetramethylethylenediamine,  diisopropylamine,  diisopropylethylamine,

N-methylpiperidine, 2,2,6,6-tetramethyl-N-methylpiperidine, pyridine,



After the reaction, the reaction mxture nmay be post-treated through per-se
known extrusion crystallization, filtration or washing with water, and the
reaction product may be readily isolated and purified through
reprecipitation or the like. The polymer of formula [V] may be produced

t hrough pol ycondensation, known as Heck reaction, of the

2, 7- di hal o- 9- oxo- 9- phosphafl uorene of formula [VI] wth an olefin of the
following general formula [MIII]: R [VIII] (wherein R has the sane

meani ng ésliratthyljninoftyeidpel yNanetepladrploiiref f sodivent kthogides @i ipatdskiempr esence
of a transition netal-based chem cal substance, especially that generally

used in techuisEaet i Dk anlfient of e lsst tdBe Tddathlld betpeaf RalIY0 aqhidiless - peri od
transition nmetal of Groups 8 to 10 of the Periodic Table. Mre effective

are | ow yafeme Bdtwes biga IetahvareRd rEREME ERbnd QqsNIREADE S s@SRRCI al |y
t hose including nickel and pall'adium The | owval ence transition

et al - bag odii e &R0 pHbhaMessnd Or use herein may be previously prepared
ones. Apart fromit, also preferred is another enbodi ment of using a

sui tabl e precur _ ' ' r [ val ence
transiti OIEI) met al - r%%@?ﬁ%&nbeg%ﬁ&%g tr}gg %Ig%gsjet %%ﬁﬁgrtg ﬂl\égsl’ é‘gtgf iggé\e?%@s%fge\r%e he
transitign netal -ba chem cal. Su es th re used, | nthe invention
in any e?ﬁ?otaﬂl?aﬁﬁmi‘;?ﬁﬁ%% H%WF%@ra@@ls%gg? rﬁ&@%&?%ﬁ“’?ﬂ’e& ghd 1{}% ng a

e etal powddelRRAITE KPRt SR dab BT hAreTR eSO TP TAES and
netal s or tal conplexes with variouys types of |jgand. Preferred for
use her :#hiéifrﬁe ?Slr%"lﬂé&‘@gew ?ﬁxﬂn%?’]é’ﬁ?ﬁi’ gFy tefl%/qnélfi? pt 'nedeNEeBEL | ary
phosphites, i.m nes or 0gyri di ne _derivatives, as, well as other chem cal

conpoundepiesran G Ry daefdrang 2ahyWHET t Hé¥ePToMpAiRgstheopelieondensation, the

amount of the solvent to be used is not specifically defined, but generally falls between
0.1 and 100 mL, preferably between 1 and 20 mlL, relative tb 1 mmol of the starting
2,7-dihalo-9-0x0-9-phosphafluorene.

After the reaction, the reaction mixture may be post-treated through per-se
known extrusion crystallization, filtration or washing with water, and the reaction
product may be readily isolated and purified through reprecipitation or the like.

The polymer of formula [V] may be produced through polycondensation,
known as Heck reaction, of the 2,7-dihalo-9-ox0-9-phosphafluorene of formula [VI]

with an olefin of the following general formula [VII]:

: _
R N—— [VIII]
(wherein R' has the same meaning as abovej.
The polycondensation efficiently goes on in the presence of a transition
metal-based chemical substance, especially that generally used in Heck reaction. The
transition metal is preferably a latter-period transition metal of Groups 8 to 10 of the

Periodic Table. More effective are low-valence transition metal-based chemical
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above-nentioned netals of latter period of the Periodic Table. Preferred
exanpl es of the ligand for use in the reaction are triphenyl phosphine,
di phenyl net hyl phosphi ne, phenyl di net hyl phosphine, tri(2-furyl)
phosphi ne, 1, 4-bi s(di phenyl phosphi no) but ane,

1, 3- bi s(di phenyl phosphi no) propane, 1,1'-bis(di phenyl phosphi no)ferrocene,
trimethyl phosphite, triphenyl phosphite, dinethyl phenyl phosphonous,

di et hyl met hyl phosphi nous, ethyl ene- 1, 2-bi soxazol i ne,

di phenyl plitsssaploés) oepiyllpxmssd iinfludipyr hidkele and, paltadiveyr i dbHe, 1@RGalence

ort hophenant hroline. Preferred exanples of the transition netal conpound,

whi ch i s tidfgflon fetd!DasdditRitiédd BuBstarRed FMlse Ukein PRSPES Fﬁv%@y%ewed he form
of its precursor, include, but are not limted to, palladi umpowder,

acti vat egngharGoal asR i higd pRaadk aﬁ&theltéﬁt(dama%f'uisﬂg%%ﬁme ?F&%Qﬁb} adi um

pal | adi um chl ori de, pafladium acetate, dichlorobis(bé&nzonitrile)palladium

di chl or 0F%Pa%lecéfle%é?ﬁ%(}ﬁ}g-ﬂg{&g?lpﬁgbﬁg%?%ﬂ%ﬁ-}/?le%&a{r&ﬁ io%"r&k:ﬁa)—b%sgfl chemical

bi shexaf I'uoropent a I spent anedi ona
di met hyl Qi.s(triphanyl phosphi.ne) pahl adi u 11, .
di met hyl lilgss%%lic% 1L ﬁlﬁ rﬁ,g%tf?sﬁlsgﬁgrgjphﬁhsﬁrgg?l&% Imlje}%l based chemical substances that

ot 15 BT, el KPP DAL BT o vt praprd on

i: 111- BP;?&?%EE%%/%E%&SQE%&?%{H%%% ]greeggrrégéﬁ!ngﬁi girrplple gdbrsr%l@gléf metal such as

,E :: PZ‘L? g?n%th)z;l%év%ﬁ Bﬁ%élﬁ Egﬁégggrq%ggggﬁaggrgggl or the like; and metal salts or metal

3: EH E,Ir gégég{]e%%}lygggfaga%gg%%a,flg;l%ghggd?r@fﬁned for use herein are complexes with a

di chl oro(ort hophenant hrol i ne) pal | adi um di chloro [ethyl ene-

1, 2- bi sokggwsi ofﬁt@{tia@apm@hmﬁ?, tertiagy riiospliitss ol1iBgst arinyndingl dsnigaipteisnas) wielb kel .

The anount of the transition netal -based chem cal substance to be used
as other chemical compounds prepared by adding any of these ligands to the
above-mentioned metals of latter period of the Periodic Table.

Preferred examples of the ligand for use in the reaction are triphenyl
phosphine, diphenylmethyl phosphine, phenyldimethyl phosphine, tri(2-furyl)
phosphine, 1,4-bis(diphenylphosphino)butane, 1,3-bis(diphenylphosphino)propane,
1,1'-bis(diphenylphosphino)ferrocene, trimethyl phosphite, triphenyl phosphite,
dimethyl phenylphosphonous, dimethyl methylphosphinous, ethylene-1,2-bisoxazoline,
diphenylphosphinomethyloxazoline, pyridine, 1,1'-dipyridyl, and orthophenanthroline.

Preferred examples of the transition metal compound, which is used in the
invention as a previously-prepared one or in the form of its precursor, include, but are
not limited to, palladium powder, activated charcoal-carried palladium,
bis(dibenzylideneacetone)palladium,  palladium  chloride, palladium acetate,
dichlorobis(benzonitrile)palladium, dichloro(1,5-cyclooctadiene)palladium(ll),

palladium(II) bishexafluoropentanedionate, palladium(IT) bispentanedionate,

dimethylbis(triphenylphosphine)palladium,
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herein falls between 0.00001 and 20 equival ents, preferably between 0.0001
and 2 equivalents relative to one equivalent of the starting

2, 7- di hal 0- 9- oxo- 9- phosphaf | uorene. Preferably, the reaction is pronoted by
a base. For it, various types of inorganic or organic bases may be used.
Their exanples are lithium carbonate, sodium carbonate, potassium
carbonate, sodium acetate, potassium acetate, nagnesi um oxide, calcium
oxide, trinethylamne, triethylam ne, tributylanm ne,

N, N, N, Nafrﬁﬁﬁﬂﬁﬁ&ﬁﬂi/én?Irﬁefhﬂﬁl%ﬁpﬁiﬁie%lla&ihﬁOpr opyl am ne,

di i sopropyl et'hyl am ne; dicycl ohexyl net hyl am ne, N-nethyl pi peri di ne,

2, 2, 6, 6- 4k BB ey B IVbROREIHe HaN8diunPYr | di ne, 4-di met hyl am nopyri di ne,
and N-netﬁlgffﬁybrppmoﬁenngﬁ%qbarggunt%gf tuhlren’ base to be used may be far
excessi va; Shalkisndbigeneral Iy falls between 1 and 100
equivale§¥§¥ﬁ%P%p§Fg§ﬁ§Bﬂg%€2%n glaﬁd 20 equivalents relative to the

starting Fhﬁ!etﬁ}z]gfr’P?lr%gaﬁg@g}gdspﬁﬂgﬁpg&eﬂgpgngdiu he amount of the olefin to

be used to0Or s ction"rs not“specifically defined, but, in
general , it | f er.abl t least 0.5 equj.valents, nore preferably from 12
0.95 to 566"@&%'3’#SZ?‘%PE“MWE}QPPW@EDB‘&E?S]??@? Ho- 9- oxo- 9- phosphaf | uoene for
realizin hi_ gher. de e qf. pol rization., Wen t ol efin js..gaseous at
room teng“égﬂ‘?‘i‘ﬁ) ,S&‘P]%eng'%é‘gﬁ?sp%%gf Mipe  defakise BB“Yggwﬁﬁ'Pﬁﬁ’ah?‘pl Re
solubility and the reactivity of the gaseous.olefin, but in general, it
may fal | %Eétf%ﬁh%ﬂp%ﬁﬁﬂmﬁﬁal&‘@ﬁ%pher e@?hlﬁfé’ﬂ%ﬁr%mylp%?wag@ UEnd 10
at nospheres. The reaction may he effected at various tenperatures, but is
gener al | flicgjare(ertgpheganthrql Hadinme dichlomlsghybenenk érbisorazolinglppledium,
preferably between 0 and 150C. Preferably, the reaction is effected in a
sol vent . amskdieplosebigfrinhsaylpbosphie)nigkel. N, N- di net hyl f or mani de,

hexanet hyl phosphoryl triam de, xylene, toluene, benzene,
The amount of the transition metal-based chemical substance to be used

herein falls between 0.00001 and 20 equivalents, preferably between 0.0001 and 2
equivalents relative to one equivalent of the starting
2,7-dihalo-9-0x0-9-phosphafluorene.

Preferably, the reaction is promoted by a base. For it, various types of
inorganic or organic bases may be used. Their examples are lithium carbonate, sodium
carbonate, potassium carbonate, sodium acetate, potassium acetate, magnesium oxide,
calcium oxide, trimethylamine, triethylamine, tributylamine,
N,N,N',N'-tetramethylethylenediamine,  diisopropylamine,  diisopropylethylamine,
dicyclohexylmethylamine, N-methylpiperidine, 2,2,6,6-tetramethyl-N-methylpiperidine,
pyridine, 4-dimethylaminopyridine, and N-methylmorpholine. The amount of the base
to be used may be far excessive over the reactants, but generally falls between 1 and
100 equivalents, preferably between 2 and 20 equivalents relative to the starting
2,7-dihalo-9-0x0-9-phosphafluorene.

The amount of the olefin to be used for starting the reaction is not specifically

defined, but, in general, it is preferably at least 0.5 equivalents, more preferably from
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tetrahydrofuran, and dibutyl ether. For pronoting the polycondensation, the
anmount of the solvent to be used is not specifically defined, but
generally falls between 0.1 and 100 mi, preferably between 0.3 and 10 nL
relative to 1 mmol of the starting 2,7-dihal o-9-o0xo0-9-phosphafl uorene.
When the base used herein is liquid, its amount nmay be far excessive over
the reactants so that the excess liquid base may serve as a solvent for
the reaction. This is also another preferred enbodi nent of the invention.

After the.95emc2iloequitdients edativeoy Dj7xdihale-ormo-Hehppshfllidepatiedrdaiz@ggh per-se
known extrusion crystallization, filtration or washing wth water, and the

react i onhighepditete bByolPReliLA@N! Y Wikal Bt kiand gastouf hegohhieai@hiture, its
reprecipitation or the like. The starting conpound,

2, 7- di habes QxR -iRhasehahbd eep&dnmeaURE NS arddl %U%Emtgggfro tof the

invention is obtained by hal ogenating a 9-oxo-9-phosphafl uor he
follow n f i jng as
above) TR SO Ra oabr hal aul &S SRS £ ald BB aindcp R IR, SRRR 09, 2

nol ecul a i r.on . iodine. The anount of the hal ogen nol ecul e
to be usée nu%pjggdépz@gg§%5%$6quivaIents relative to the

9- oxo- 9- phosphat uorene of foraula [1X]., but may be, excess er.t. The
reaction eff ecﬁ b/ee]iefigtﬁ)&égayolﬁe ?tﬁy(it‘?ge&tﬁégglé%%lpﬁaxﬁe%@ﬁ{ s gﬁﬁ‘?rgl\{‘éﬁﬁf%ﬂtt%ﬂst. The
Lewi s acid catal yst e an ne al | ed in aromatic electrophilic
SubsL i £ BIFITEBHEE SUBTG SEMEC] D a0 chreibsabipbesest DARMA ECoI of | do.
alum nium brom de, i r%g chl oride, and antinony chloride. Metals that are
the precursors F&erdtipine ragtion seffsstedda @ sofvsal udixsgpleso thssalpiné araret al
alum niumand netal iron. The anmpunt of the catalyst to be used nay be at

| east ond-RutimethyEermanife hexameshylphosghemt ithgmide, axlsne- pHenshdenzeveene of

formul a £|>ﬂ1 but may be a catal ytic anmount thereof for
etrahydrofuran, and dibutyl ether. ~For promoting the polycondensation, the amount of

the solvent to be used is not specifically defined, but generally falls between 0.1 and
100 mL, preferably between 0.3 and 10 mL relative to 1 mmol of the starting
2,7-dihalo-9-0x0-9-phosphafluorene. When the base used herein is liquid, its amount
may be far excessive over the reactants so that the excess liquid base méy serve as a
solvent for the reaction. This is also another preferred embodiment of the invention.

After the reaction, the reaction mixture may be post-treated through per-se
known extrusion crystallization, filtration or washing with water, and the reaction
product may be readily isolated and purified through reprecipitation or the like.

The starting compound, 2,7-dihalo-9-0x0-9-phosphafluoene compound in the
production method of the invention is obtained by halogenating a

9-0x0-9-phosphafluorene of the following general formula [IX]

O\\P/ R )
[IX]

(wherein R has the same meaning as above), with a halogen molecule.



efficient reaction. The reaction may be effected at various tenperatures,
but is generally effected at a tenperature falling between -70 and 180C,
preferably between 0 and 150C. No sol vent nay be used in the reaction.
However, when the starting 9-oxo-9-phosphafluorene is solid, it may be
di ssolved in a solvent. For the solvent, for exanple, preferred are

hal ogenohydr ocar bons; carboxylic acids such as acetic acid; carbon

di sul fide; and aromatic nitro conpounds such as nitrobenzene. The product

may be readily F&ofhatesbtRnd prirkblyeshel Ns adleH dAéndYBRIGEIne drolodinexanpl e,
t hrough recrystallization or chronatography.

2, 7- Di halrge 9m %R cRORA8 f&lHl‘éElﬁQ?o BORRAYRGS beat lfe9§t @Hqﬁwfa}énls Rlgvery el
conpounds not disclosed in any literature. The polymer of the invention

can be faegyd. 9;) rﬁﬂaﬂu&ehé‘rﬁffo?mﬁﬁﬁf1 'EH %%Ei&}e@m‘}é?%h”' que of, for

exanpl e, 'spin co or castin conponent of

organi ¢ thin-fibm el eg § SHALRELE oSLERRT %héﬂggesgﬁ&ag@g (ST RERCE s

el enents. 14 The'i nvenél on concretel’y 'wt

scope of RN & aly“e“&wmé%‘%l%s%{e% j Hse‘af“ﬁﬂet”a?%ﬁaé#"s{eesépﬁia@ e

g §32ycl gé@fﬂg’i%gne)coﬁcrf@g"g{t (‘Tg’lggwg)%%%%}ﬂ%n% nalgﬁl%ﬁhg?%e 3“‘6‘“6‘“384 g
" ol PR e B AR RSl Sl B« 1

N, N- di net hyl f.or nam de, ,and_stir
may also be used, including, for example metal aluminium and metal iron. The

amount of the catalyst to be used may be at least one equivalent relative to the starting
9-0x0-9-phosphafluorene of formula [IX], but may be a catalytic amount thereof for
efficient reaction.

The reaction may be effected at various temperatures, but is generally effected
at a temperature falling between -70 and 180°C, preferably between 0 and 150°C.

No solvent may be used in the reaction. However, when the starting
9-0x0-9-phosphafluorene is solid, it may be dissolved in a solvent. For the solvent, for
example, preferred are halogenohydrocarbons; carboxylic acids such as acetic acid,
carbon disulfide; and aromatic nitro compounds such as nitrobenzene.

The product may be readily isolated and purified in any ordinary manner, for
example, through recrystallization or chromatography.

2,7-Dihalo-9-0x0-9-phosphafluorene compounds of formula [VI] are novel
compounds, not disclosed in any literature.

The polymer of the invention can be formed into thin films in any simple
working technique of, for example, spin coating or casting, and it is useful as a
component of organic thin-film electrochromic elements and organic luminescent

elements.
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under heat at 60C for 48 hours. The reaction m xture was poured into 100 nL
of 0.5 Mdiluted hydrochloric acid, and the resulting powder was taken out
through filtration. The powder was washed with 50 nL of water, then
dissolved in 5 nL of chloroform and reprecipitated in 100 nL of nethanol
to thereby isolate 0.295 g (0.91 mvls in ternms of the nonomer unit) of a
pol ymer having repeating units of a

9- nonyl - 9- oxo- 9- phosphaf | uorene-2, 7-diyl group (of forrmula [I1I] where Ris

nonyl  group). ThWveRGcH Redbschibtel Rty B&ilcrdtslyawille Ytkreheo RO wROfoNBlvigl scl osed
inany literature. Calcul ated through gel pérneation chromatography (GPC

met hod) , gkbgip) La9Gre TRt RfitH IsQ{Y aas Mfehdich
weight-ave%agggﬁgpgégﬁg% wé%ﬁhtkﬁgaéﬁga%g# Fts@%ﬁﬂﬁggggtraf %afa and
el enentary anal ysis data are nmentioned bel ow. 1H NMR(CDC13):60.83(3H, brs),
1.22(1 OH,brs),1.37(2H,brs), 1. 61(2H, brs), 2. 17(2H, brs),
7.87(4H, /Q,g Eg(ZH,brs). 31P-NVR(CDC13): 643.7. Elenentary Analysis:
Cal cul at = 12 (C252H301012P12Br): 15 C, 76.17; H, 7.63; Br, 2.01.
Found: C_ 75.93; H, 7.88; Br, 2.22. Exanple 2: In the sane manner as in
Exanpl e EX¥8BKdined was 0.251 g (0.81 nmols in terms of the monomer unit)
of a polymer having repeating unjts of a
9-(2-octyl)-Q-gﬁb-Q?pthHH&¥1uoP@W@mg??xdi9ﬁ38rodb (4% or MRS 11 PF where
Ris 2-oc%%l group), for, which, however, used was 0,470 a 1.0 nmol ) of
2, 7- di br BbLEcydlopgtedipneInickslo 03. phoghharivginosiadicas. ¢-800ng -3 mmolihefe R i s
2-octyl group and X is bromne) in place of
2, 7- di br es=-dpyitshyil - 9- oxand9- phosHA&4 | uoeng in (1.0 mmol) of
2,7-dibromo-9-nonyl-9-o0x0-9-phosphafluorene (of formula [VI] where R is n-nonyl
group and X is bromine) were added to 20 mL of N,N-dimethylformamide, and stirred
under heat at 60°C for 48 hours. The reaction mixture was poured into 100 mL of 0.5
M diluted hydrochloric acid, and the resulting powder was taken out through filtration.
The powder was washed with 50 mL of water, then dissolved in 5 mL of chloroform,
and reprecipitated in 100 mL of methanol to thereby isolate 0.295 g (0.91 mmols in
terms of the monomer unit) of a polymer having repeating units of a
9-nonyl-9-oxo0-9-phosphafluorene-2,7-diyl group (of formula [III] where R is nonyl
group). Thus obtained, the polymer is a novel compound not disclosed in any
literature. Calculated through gel permeation chromatography (GPC method), its
number-average molecular weight was 3980 and its weight-average molecular weight
was 8025.

Its NMR spectral data and elementary analysis data are mentioned below.
"H-NMR(CDCl3):50.83(3H,brs),1.22(10H,brs),1.37(2H,brs),1.61(2H,brs),2.17(2H, brs),
7.87(4H,brs),8.09(2H,brs).
3'P-NMR(CDCls): 843.7.

Elementary Analysis: Calculated as n = 12 (Css5,H301012P12Br):

15



Exanpl e 1. Thus obtained, the polynmer is a novel conpound not disclosed in
any literature. Calculated through gel perneation chromatography nethod
(GPC) nmethod, its nunber-average nol ecul ar wei ght was 3356 and its

wei ght - average nol ecul ar wei ght was 4679. Its NVR spectral data and

el enentary anal ysis data are nentioned bel ow.

" H NVR( CDC13) : 80. 84(3H, brs), 1. 24(9H, brs), 1.50(1 H,brs), 1. 72(2H,brs), 1.92(1
H brs), 2.34(1 H brs),7.85 (4H,brs),8.05 (2H brs). 3 1P-NVR(CDC13): 850. 2.
El ement agy 76na Ms7.63;: Baboul ated as n = 10 (C2ooH231010P10Br): C, 75.43; H,
7.31; Br, 2.51. Found: C, 75.23; H, 7.45; Br, 2.54. Exanple 3: In the sane

manner agoiky: EXa9pheqly sebsabmed was 0.99 g (0.38 mmls in terns of the
monomer unit) Oof a polymer having repeating units of a 16

9- propyl - 9- oxo- 9- phosphaf | uorene-2, 7-diyl group (of formula [I11] where R
is n-propyl group), for which, however, used was 0.200 g (0.50 mmol) of

2, 7-di br%@ﬁlgk%opyl - 9- oxo- 9- phosphaf | uoene (of fornmula [VI] where Ris

n- propyl ~“group and X is bromne) in place of

G T S D et
N N et O i oGS BHDaiolect . belemeti frape FEnsig eliontiodha not
IR URAIRCE ERNAE WS s e S St
cal el e 4 Saicn " Rowever Yeed® e A0 g (10 mmol) of
2,7-dibromo-9-(2-octyl)-9-0x0-9-phosphafluoene (of formula [VI] where R is 2-octyl
group and X is bromine) in place of 2,7-dibromo-9-nonyl-9-ox0-9-phosphafluoene in
Example 1. Thus obtained, the polymer is a novel compound not disclosed in any
literature. Calculated through gel permeation chromatography method (GPC) method,
its number-average molecular weight was 3356 and its weight-average molecular
weight was 4679.

Its NMR spectral data and elementary analysis data are mentioned below.
'H-NMR(CDCl5):30.84(3H,brs),1.24(9H,brs),1.50(1H,brs),1.72(2H,brs),1.92(1H,brs),
2.34(1H,brs),7.85(4H,brs),8.05(2H,brs).
3Ip.NMR(CDCl;): 850.2.

Elementary Analysis: Calculated as n = 10 (C390H231010P10Br):

C,75.43; H, 7.31; Br, 2.51.

Found: C, 75.23; H, 7.45; Br, 2.54.
Example 3:

In the same manner as in Example 1, obtained was 0.99 g (0.38 mmols in

terms of the monomer unit) of a polymer having repeating units of a
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The NMR spectral data and el enentary anal ysis data of the polyner are
mentioned below. 1 H NVR(CDC13):81.03 (3 H brs), 1.64(2H, brs), 1.95
(2H,brs),2.18 (2H,brs), 7.74(4H, brs), 8.04(2H, brs). 31P- NVR(CDC13): 543. 5.
El ementary Analysis: Calculated as n = 12 (C180H181(24P12Br): C, 67.99; H,
5.74. Found: C, 68.05; H, 5.72. Exanple 4: In a nitrogen atnosphere, a

m xture of 0.012 g (0.010 mmol) of tetrakis(triphenyl phosphine)pall adium
(0), 0.484 g (1.0 nmol) of 2, 7-di brono-9-nonyl - 9- oxo- 9- phosphaf | uor ene (of

formula p) rJ%p)W@e('S)@) ﬁph§sﬂﬁaﬂ9&¥ﬁe 2grd2yl|ggraaﬁi (of ﬂo?m@lrac[m n@merefk {%@7 Fﬂ) ¢iL. 0

mol ) of di hexyl oxy-1, 4- phenyl enedi boronic acid ) ripotassium

phosphat gmélggml e el NaghBRENY 156 gl gag hep 5197 %m& 5Cof and

stirred ours at the terrperatur e reactlon mxture s poured
'f.”f? cat oo Ehop Wgﬁﬁ%ﬁg i e BB R AL RO o0 11 5
e
and a 2, EXHPRS D) %@yqudmﬁQ?ﬂﬁ%&Og 50500 B R borr gorpor ik’ -5 nony

group and Ar is_2,5-di hexyl ox henyl ene _grou us obtained, the
pol ymer - f nbéﬁvclea%ﬁam 9%90& é@%s@awi)nozarwa 1P¥‘éﬁ-ir)gti‘nde 10aatcof at ed

t hr ough &QN ernmeat i on chromat ography. net hod (GPC ne d, its
nunber - a aS@em [feppamideyeIdns “obtainady 1tho aplymet slSvaeur@H@L sowpagnd wet ecul ar

disclosed in any literature. Its IR spectrometry confirmed that the polymer is a hydrate.
The number-average molecular weight of the polymer calculated through elementary
analysis was 3180.

The NMR spectral data and elementary analysis data of the polymer are
mentioned below.
'"H-NMR(CDCl3):81.03(3H,brs),1.64(2H,brs),1.95(2H,brs),2.18(2H,brs),7.74(4H, brs),
8.04(2H,brs).
3IP_NMR(CDCl5):843.5.

Elementary Analysis: Calculated as n = 12 (C;50H;81024P12Br):
C, 67.99; H, 5.74.

Found: C, 68.05; H, 5.72.

Example 4:

In a nitrogen atmosphere, a mixture of 0.012 g (0.010 mmol) of
tetrakis(triphenylphosphine)palladium (0), 0.484 g (1.0 mmol) of
2,7-dibromo-9-nonyl-9-0x0-9-phosphafluorene (of formula [VI] where R is n-nonyl
group and X is bromine), 0.367 g (1.0 mmol) of 2,5-dihexyloxy-1,4-phenylenediboronic

acid, 2.0 g of tripotassium phosphate and 10 mL of N,N-dimethylformamide was heated
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wei ght was 22000. Cal cul ated through elenentary analysis, its nean

nol ecul ar wei ght was 8290. Its NWVR spectral data and el enentary anal ysis
data are nentioned bel ow.

H NVR( CDCl 3): 80. 86(6H, brs), 1. 31(16H, brs), 1. 64(12H, brs), 1. 77(2H, brs), 4. 02(4H
,brs), 7.10(2H, m,7.84-7.87(2H, m,7.83-7.93 (2H, m, 8. 09(2H, d, J=9. 3Hz) .

31P- NVR(CDC13):843.9. Elenentary Analysis: Calculated as n = 13
(C528H714040P14Br2): C, 76.45; H, 8.68; Br, 1.93. Found: C, 76.61; H,

8.83; Br gt 22520, a@ﬁiﬁé’d%@m héurk Qﬁth@@é?ﬁpé?ﬁﬂﬂ:er TRE réRtibY AR Fas QRE& ned was
0.460 g (0.89 mmls in terns of the monomer unit) of a polymer having in

t he backhgnqos ml? oPWAte? a‘?ﬂ%@ Q%It%gpﬁd%m& ol Qefk%ﬁ%ut? tho mﬂgwhn&hef% P epd a

2, 5-di hexyl oxy- 1, 4- phenyl ene grou formul a ere is propyl

group 6”98&%1 aszzv% h%h *1%%1?’ ?Qﬁt %g%va&’é},eﬂ%h diSolvEY ‘?HB)mLfo?rchM}bﬁ)Pm, hapever,

used was

2, 7-di br %IS%C %198{&{ 13. 1@6%]9@%&%5)%%&%@9{5‘8ﬁf 2 0865 [ 6. 85 hfnbi¥hd MAELE R 1S

n- propyl romne

2, 7- di br gno- 9- |-9 hosphaf Thus_obt he pol
2 novel SBrpatRoH: dredl odbd in 4M it eratitte. cat B cishbOR ot cpe

ethed, e “9@%%@@@%@9%@%@{4@ adly S TSP ISR 2honhe
P A S kTt AP o o e "o
poI ynmer are rrent i oned _bel ow.
' H NIVR( CBoMp)-: sdhesy o8tainsds the) rodymey, ir 8) noveh ropmonnd ynot disglesad pinspny . 13( 2H,

brs). 3. Q%ed;ell_tlug s)Calculated through gel permeation chromatography method (GPC method),

its number-average molecular weight was 10100 and its weight-average molecular

weight was 22000. Calculated through elementary analysis, its mean molecular weight

was 8290. Its NMR spectral data and elementary analysis data are mentioned below.

"H-NMR(CDCl5):50.86(6H,brs),1.31(16H,brs), 1.64(12H,brs),1.77(2H,brs),4.02(4H,brs),

7.10(2H,m),7.84-7.87(2H,m),7.83-7.93(2H,m),8.09(2H,d,}=0.3Hz).

3IPNMR(CDCL):343 9.

Elementary Analysis: Calculated as n = 13 (Cs23H714040P14B12):

C, 76.45; H, 8.68; Br, 1.93.

Found: C, 76.61; H, 8.83; Br, 2.20.

Example 5:

In the same manner as in Example 4, obtained was 0.460 g (0.89 mmols in
terms of the monomer unit) of a polymer having in the backbone a
9-0x0-9-phosphor-9-propylfluorene-2,7-diyl group and a 2,5-dihexyloxy-1,4-phenylene
group (of formula [[V] where R is propyl group and Ar is 2,5-dihexyloxy-1,4-phenylene

group), for which, however, wused was 0400 g (1.0 mmol) of
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6.98(2H,s),7.87(4H,n), 8. 09(2H,d, J=8. 0Hz). 31 P-NVR(CDC13):644.0. Elenentary
Anal ysis: Calculated as n = 14 (C477H587Q43P15Br2): C, 74.94; H, 7.73; Br,
2.10. Found: C, 74.73; H, 7.88; Br, 1.76. Exanple 6: In the sane manner as
in Exanple 4, obtained was 0.319 g (0.80 mml in terns of the nononer
unit) of a polyner having in the backbone a

9- nonyl - 9- oxo- 9- phosphaf | uorene-2, 7-diyl group and a 1, 4- phenyl ene group
(of formula [IV] where Ris nonyl group and Ar is 1, 4-phenyl ene group),
for whi CD{/ agw&moxg@e OSPIRS- @prl)?@fﬁhofelle({om}r%l@wﬂ] vﬂTeP@RnM|r1ﬁ_ﬁ@§yb0r oni ¢

acid in place of 2.5-di hexyl oxy-1, 4-phenyl enedi boroni c acid

obt ai ned gr arfIOKY ¥ebrofrind 1ﬂgfﬂ§ée oPQW@%B%&@tno%ISQJoSléﬂ)dp}idapl?eﬂMo}énEer ature.
Cal cul at ed hrough GPC net'ho number - aver age mol ecul ar wei ght of the

THF- sol uk,g Q)%F]:lne(af tflé.'ngo ”% 3%\6\%%&1; ant @qui 118 RC10%&d gﬁtaﬁ}gvﬁ{e

mol ecul ar "wei ght there Pat ed t rough ntary anal ysis,
s TP ens TR el S P B i
g bro) C?géz%ﬂi&qﬁ 5 By FhIVTiSF os/6239 30, th weishteayerneg eles i WeiEhY 214,
st ohy] QSRR B R
- 10; Br of t?f\egp%lymEeXr%v S 9%98.
The NMR spectral data and elementary analysis data of the polymer are

mentioned below.

"H-NMR(CDCl;):50.87(6H,brs),0.99(3H,brs), 1.31(2H,brs), 1.77(6H,brs),2. 13(2H,brs),3.98(4H,brs),

6.98(2H,s),7.87(4H,m),8.09(2H,d,J=8.0Hz).

3'PNMR(CDCL;):344.0.

Elementary Analysis: Calculated as n = 14 (C477Hs37043P15Br2):

C,74.94; H, 7.73; Br, 2.10.

Found: C, 74.73; H, 7.88; Br, 1.76.

Example 6:

In the same manner as in Example 4, obtained was 0.319 g (0.80 mmol in
terms of the monomer unit) of a polymer having in the backbone a
9-nonyl-9-ox0-9-phosphafluorene-2,7-diyl group and a 1,4-phenylene group (of formula
[IV] where R is nonyl group and Ar is 1,4-phenylene group), for which, however, used
was 0.166 g (1.0 mmol) of 1,4-phenylenediboronic acid in place of
2.5-dihexyloxy-1,4-phenylenediboronic acid. Thus obtained, the polymer is a novel
compound not disclosed in any literature. Calculated through GPC method, the

number-average molecular weight of the THF-soluble part of the polymer was 2110 and
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0.0012 g (0.010 mml ) of palladiumacetate, 0.0061 g (0.020 mmol) of
tri-o-tol yl phosphine, 0.43 nmL of tri-n-butylamne, 0.235 g (0.50 nmol) of

2, 7-di brono-9-(2-octyl)-9-o0xo0-9-phosphafl uorene (of fornmula [VI] where Ris
2-octyl group and X is bromne) and 0.5 nL of N, N-di nethyl formam de were
put into a glass reactor. The reaction systemwas connected to a
normal - pressure ethyl ene reactor, via which it was charged with ethyl ene.
Then, the glass reactor was dipped in an oil bath at 125C and its contents

were sti geedydipateivel@at niddcufd BRI - thER& T east R9B0.M Xtab@atewashBegh ed into
100 nmL of 0.5 di l uted hydrochloric acid, and the resulting powder was

taken oukjehfdhf Enaflgéié,rtﬁé 8 mbleuReWHEEht WRhBAYREr Wat B0GP NMEnealmat er,
then dissolved in m. of chloroform and reprecCipitated in 100 nlL of

di et hyl 81:31%?:?»')51 %&?a gﬁ&p}%Fﬁ@Xta}ysﬂa%ﬁ cﬁtaogf%hg{)ﬂgm%l?’aﬂ@?ﬁér#tfoge& 6416%. of the

nonomer ymer “havi'ng repeat units o

9- (2-octy, @ﬁt ; f1ep 11 Ly B r i nyl ene group (of
formul a [M relaslagﬁgﬁ’@%i’%iwgrdu 1361%%5)%6?@1’1@’?'4?@3’I%I ynmer is a
novel co t. i osed in any literature. Calcul ated through ge
perneatigﬁg§@9@ﬁﬁgwg#@§%§ghy, t he nunber-average nol ecul ar wei ght of the
pol ymer ( he wei ght - average nol ecul ar wei ght thereof was 2540.
The NWR ﬁm@&%ﬁ3 nd el enentary anal ysis data of the polyner are
nment i oned. bel ow. . B

' H NIVR( Cclbterasntay Analysis: frloplatedrs mor? by HrsOnPeRay s) 1. 47(1 H brs), 1. 86(1
H brs), 2.28(1 H brsh,6.94-8.46(8H,n). 31P- NMR(CDC13): 850.4. Elenentary
Anal ysis: Cal &u7d8aHad 0% Br.8.91€130H14806P6Br 2):  C, 72.55: H, 6.93. Found:

C, 72.15; H, 7.27.
Found: C, 77.37; H, 7.10; Br, 3.98.

Example 7:

0.0012 g (0.010 mmol) of palladium acetate, 0.0061 g (0.020 mmol) of
tri-o-tolylphosphine, 0.43 mL of tri-n-butylamine, 0.235 g (0.50 mmol) of
2,7-dibromo-9-(2-octyl)-9-0x0-9-phosphafluorene (of formula [VI] where R is 2-octyl
group and X is bromine) and 0.5 mL of N,N-dimethylformamide were put into a glass
reactor. The reaction system was connected to a normal-pressure ethylene reactor, via
which it was charged with ethylene. Then, the glass reactor was dipped in an oil bath
at 125°C and its contents were stirred under heat for 48 hours. The reaction mixture
was poured into 100 mL of 0.5 M diluted hydrochloric acid, and the resulting powder
was taken out through filtration. The powder was washed with 50 mL of water, then
dissolved in 5 mL of chloroform, and reprecipitated in 100 mL of diethyl ether to
thereby isolate 0.077 g (0.23 mmol in terms of the monomer unit) of a polymer having
repeating units of a 9-(2-octyl)-9-0x0-9-phosphafluoene-2,7-diyl group and a vinylene
group (of formula [V] where R is 2-octyl group). Thus obtained, the polymer is a

novel compound not disclosed in any literature. Calculated through gel permeation
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Exanple 8: In the sane manner as in Exanple 7, obtained was 0.112 g (0. 39
nmmol in terns of the nononmer unit) of a polyner having repeating units of
a 9-propyl -9-oxo-9-phosphaf | uorene-2, 7-diyl group and a vinyl ene group (of
formula [V] where Ris n-propyl group), for which, however, used was 0.200
g (0.50 mml) of 2, 7-dibrono-9-propyl -9-o0xo-9-phosphafl uorene (of formula
[VI] where Ris n-propyl group and X is bromne) in place of

2, 7-di br omo- 9- (2- octyl ) - 9- oxo- 9- phosphaf | uorene in Exanple 7. Thus

obt ai nedchriofiftded ?‘thel BurAbdrANElags M WEEhtdd Stk GRSemérmwanys3( hder at ur e.
Its IR absorptlone ry confirmed that the polymer is a hydrate. Calcul ated

through gl.80% @Jv%ra%@%ddédtﬁar&é?@at@h@?@&fwﬁ%ﬁége mol ecul ar wei ght of the
pol ymer was 410 he NMR spec data and el enentary anal ysis data of

L1500, T AR, NSRS 2o i

31P- NVR( %é%%ﬁg%%vg El enentary Analysis: Calculated as n =

(C134H13 C, 66.84; H b5.61. Found: C, 66.96; H, 6. 05 Exanpl e

Cerm EF R0 e Z@E@Wg} ?lﬁéﬁéﬁ &) 2’%%9?%% R o
9- 2,7 I f
Formila 2ARCRRer BOAPARIRLOTT G oup) ” for i ch. however . used was
xylene 1 a0l 68 cBcn):s50.4,

Elementary Analysis: Calculated as n =5 (C;30H4804PsBr3):

C, 72.55; H, 6.93.

Found: C, 72.15; H, 7.27.

Example 8:

In the same manner as in Example 7, obtained was 0.112 g (0.39 mmol in
terms of the monomer unit) of a polymer having repeating units of a
9-propyl-9-ox0-9-phosphafluorene-2,7-diyl group and a vinylene group (of formula [V]
where R is n-propyl group), for which, however, used was 0.200 g (0.50 mmol) of
2,7-dibromo-9-propyl-9-0x0-9-phosphafluorene (of formula [VI] where R is n-propyl
group and X is bromine) in place of 2,7-dibromo-9-(2-octyl)-9-ox0-9-phosphafluorene
in Example 7. Thus obtained, the polymer is a novel compound not disclosed in any
literature. Its IR absorptiometry confirmed that the polymer is a hydrate. Calculated
through elementary analysis, the number-average molecular weight of the polymer was
2410.

The NMR spectral data and elementary analysis data of the polymer are
mentioned below.

'"H-NMR(CDCl5):50.99(3H,brs), 1.35(2H,brs), 1.76(2H,brs),2. 14(2H,m),7.23(2H,s),
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N, N-di met hyl f ormam de in Exanpl e 8. Thus obtained, the polymer is a novel
conpound not disclosed in any literature. Its IR absorptionetry confirmnmed
that the polymer is a hydrate. Cal cul ated through el enentary analysis, the
nunber - average nol ecul ar wei ght of the pol yner was 3260. The NWR spectral
data and el enentary anal ysis data of the polyner are nentioned bel ow.

" H- NVR( CDC13) : 60. 98(3H, brs), 1. 37(2H, brs), 1. 97(2H, brs), 2. 14(2H, m, 7. 20( 2H, s)
, 7.57-8.16(6H m. 31P-NMR(CDC13):543.4. Elenentary Analysis: Calcul ated
as n = 10 46QL@A6WERI22P11Br2): C, 68.14; H, 5.72. Found: C, 68.04; H,

6.12. Exanple 10: 22 12.3 nL of brom ne was added to a m xture 5.88 g (24.3
nol ) of 31p9[qpmcmggsfgjga- 9-propyl fluorene (of formula [IX] where Ris

n- propyl group) and” 0.243 g (4.35 nmol) of iron powder within a period of

30 m nut g%m@l@ggd%tdﬁ[}{sﬁqgglgg%doag%%z2939:2] ﬁ@l(gpngz .hours. The reaction

m xture was m X n extracted with 500 nL of
chl orof orm TI&e65%§“I|-It§P? chl orof orm extract was washed w th 200 nL of
saturated sodiamthiosultate. Then, this was dried with nagnesium sulfate

anhydrid apn ent ed, and the resulting solid was recrystallized
from rre?ﬁ‘é‘?fgﬁ:’%g%hgré% isolate 6.32 g (15.8 mml) of

2, 7- di br ono- 9- oxo- 9- phospha- 9- propyl fl uorene (of fornmula [VI] where Ris
n- propyl group). Thus obtained, the conpound was a col orl ess tabul ar
crystal, and js a novel conpound not disclosed in any literature. Its IR
and NVR §paepleal: data, nelting point

In the same manner as in Example 7, obtained was 0.114 g (0.40 mmol in
terms of the monomer unit) of a polymer having repeating units of a
9-propyl-9-ox0-9-phosphafluorene-2,7-diyl group and a vinylene group (of formula [V]
where R is n-propyl group), for which, however, used was xylene in place of
N,N-dimethylformamide in Example 8. Thus obtained, the polymer is a novel
compound not disclosed in any literature. Its IR absorptiometry confirmed that the
polymer is a hydrate. Calculated through eclementary analysis, the number-average
molecular weight of the polymer was 3260.

The NMR spectral data and elementary analysis data of the polymer are
mentioned below.
'H-NMR(CDCl5):50.98(3H,brs),1.37(2H,brs),1.97(2H,brs),2.14(2H,m),7.20(2H,s),
7.57-8.16(6H,m).
3'P-NMR(CDCl3):543 4.

Elementary Analysis: Calculated as n = 10 (Cy3sH;3502,P11Br,):
C, 68.14; H, 5.72.

Found: C, 68.04; H, 6.12.
Example 10:
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and el ementary analysis data are nentioned bel ow.

| R(CKBr) : 2956. 3, 2933. 2, 2875. 3, 1456. 0, 1394. 3, 1174. 4, 1072.2,817.7cm '

H NMR(CDC13): 81. 00(3 H,t,J=7.3 Hz),1.50-1.59(2H nm, 2. 04-2. 14(2H m,
7.61(2H,dd, J=1.9,8.3 Hz),7.71(2H,dd, J=0.6, 8.3 Hz),7.92(2H, dd, J=1.6, 9. 2Hz) .
13C- NMR(CDdl 3) : 815. 5(d, J=16. 8Hz) , 15. 9(d, J=3. 5Hz), 32. 3(d, J=69. 7THz) ,
122.8(d,J=10.1 Hz), 123.6(d, J=13. 7THz), 132. 4(d, J=10. 3Hz), 134. 0(d, J=98. 4Hz)
136. 3(d, J=1.9Hz), 139. 0(d, J=9. 98Hz) . 31P-NVMR(CDC13):842.2. mp.:

226. 0-226. 4C. E| exeptaby iodlnesings Ske WoahemhiaareC3 91 3OPRAI 2 mm6l) 46- 04, H,
3.28. Found: C, 45.08; H, 3.10. Exanple 11: 23 In the sane manner as in

2,770 br ora o R orogst Sois WL EBen o e bt SR BRRPeH i o
sore ) SAPATS) s el o PONRUET RS S 30 ol i b
e e R s s e G e
A O S
) R STl SRR ok G R
Gy Skt Thigaride, and Sonckntiated G hé Sesulting Soikd Was kecrystallized Srom " &

methanol to thereby isolate 6.32 g (15.8 mmol) of

2,7-dibromo-9-o0x0-9-phospha-9-propylfluorene (of formula [VI] where R is n-propyl

group). Thus obtained, the compound was a colorless tabular crystal, and is a novel

compound not disclosed in any literature. Its IR and NMR spectral data, melting point

and elementary analysis data are mentioned below.

IR(KBr):2956.3,2933.2,2875.3,1456.0,1394.3,1174.4,1072.2,817.7cm"".

'"H-NMR(CDCl3):51.00(3H,t,J=7.3Hz),1.50-1.59(2H,m),2.04-2.14(2H,m),

7.61(2H,dd,J=1.9,8.3Hz),7.71(2H,dd,]=0.6,8.3Hz),7.92(2H,dd,]=1.6,9.2Hz).

BC-NMR(CDCl3):815.5(d,J=16.8Hz),15.9(d,J=3.5Hz),32.3(d,J]=69.7Hz),

122.8(d,J=10.1Hz),123.6(d,J=13.7Hz),132.4(d,J=10.3Hz),134.0(d,J]=98.4Hz),

136.3(d,J=1.9Hz),139.0(d,J=9.98Hz).

'P.NMR(CDCl3):542.2.

m.p.: 226.0-226.4°C.

Elementary Analysis: Calculated as C;sH;30PBr;:

C,45.04; H, 3.28.

Found: C, 45.08; H, 3.10.
Example 11:
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7.92(2H,dd, J=1.5,9. 2Hz) .

13C- NVR(CDC13) : 814. 1, 21. 9(d, J=18. 9Hz) , 22. 6, 28. 9, 29. 2, 29. 3, 30. 0(d, J=69. 8Hz),
30. 8(d, J=15.5Hz), 31. 8, 122. 8(d, J=10.1

Hz), 123. 7(d, J=13. 6Hz), 132. 4(d, J=10. 3Hz), 1 34.0(d, J=98.6Hz), 136.5
(d,J=1.8Hz), 139.0(d, J=19.5Hz). 31P-NWR(CDC13): 542.5. mp.: 95.0-96.0C

El enentary Analysis: Calculated as C1H250PBr2: C, 52.09; H, 5.20 Found:

C, 52.21; H, 5.11 Exanple 12: In the sanme nmanner as in Exanple 10, obtained

was 5.35 g (11.¢ iReOaineOhanrer bsdh QIO 9( doamed Was95.6% Q- @1 BhesRIpabt uoene

(of formula [VI] where Ris 2-octyl group), for which, "however, used was

7.59 g (§f17._ﬁbmﬁ%_b_nﬁgﬁﬁio%(%}f?;?%ﬁ’égmgﬁeog?f YoRhasPhAf | WaLene (o, fﬁ mul a

[ X] where Ri1s 2-oct grou ace 9- ox0- 9- phospha- 9- prop | uor ene

cryoral” el o T S Dol SIPOURE S Gnyh eBibhe 8 s 1

crystal, nove onpoun I scl os ny lite
and NVR_ Speet 181083 fhosRltoRheR8l Blmafitre] SHERRISNAIPLYEES if e 8F ©
RO 208000202 S ASRnh e BARRE 0, M BbSifhs o)
14310604 U g (30 901 M 21002 2001 K ) T, ST G2 © B 2he).
13C NVRCCDCL3) : Rk 2nd AR EBecital Gata, moltinig point and elmontary ahalyqls data s
mentioned below.
IR(KBr):2952.5,2921.6,2850.7,1454.1,1394.3,1176.4,1089.6,821.5cm™".
'H-NMR(CDCls):50.86(3H,t,J=6.7Hz),1.21-1.27(10H,m),1.28-1.33(2H,m),
1.47-1.53(2H,m),2.03-2.13(2H,m),7.61(2H,dd,J=2.3,8.0Hz),7.70(2H,dd,J=0.6,8.0Hz),
7.92(2H,dd,J=1.5,9.2Hz).
l3C-NMR(CDC13):8 14.1,21.9(d,J=18.9Hz),22.6,28.9,29.2,29.3,30.0(d,J=69.8Hz),
30.8(d,J=15.5Hz),31.8,122.8(d,J=10.1Hz),123.7(d,J=13.6Hz),132.4(d,J=10.3Hz),
134.0(d,J=98.6Hz),136.5(d,J=1.8Hz),139.0(d,J=19.5Hz).
SIP-NMR(CDCl):542.5.
m.p.: 95.0-96.0°C.
Elementary Analysis: Calculated as C;H,sOPBry:
C, 52.09; H, 5.20

Found: C, 52.21; H, 5.11

Example 12:
In the same manner as in Example 10, obtained was 5.35 g (11.4 mmol) of
2,7-dibromo-9-(2-octyl)-9-0x0-9-phosphafluoene (of formula [VI] where R is 2-octyl

group), for which, however, used was 7.59 g (243 mmol) of
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122.8(d, J=9. 8Hz), 123. 5(dd, J=4. 0, 13. 3 Hz), 132. 8(dd, J=9. 9, 16. 9Hz) ,

132.9(dd, J=29. 7, 94. 8Hz), 136. 3, 139. 8(dd, J=11. 6, 18. 3Hz).
31P-NVR(CDC13):649.2. mp.: 84.4-85.2C. Elenentary Analysis: Calculated as
C20H230PBr2: C, 51.09; H, 4.93. Found: C, 50.89; H, 5.14 Exanple 13: In
the sane manner as in Exanple 1, obtained was 0.229 g (0.74 mmol in terns
of the nononer unit) of a polynmer having repeating units of a

9- ( 3- et hyl hexyl ) - 9- oxo- 9- phosphaf | uorene-2, 7-diyl group (of forrmula [I11]]
where R qu-&tﬁy%&bﬂ)xm{osgmw@}enef @f fohhell, [TRPWaRE R WS edoctasgBugy’th g (1.0

mol ) of 2, 7-di br ono-9- ( 3- et hyl hexyl ) - 9- oxo- 9- phosphaf | uoene (of formul a

[VIT whepeieR bfS 906%039-BheSphROXbpARNasRné i Exh@pR Q0! NeThdsN oBlafied, Ph
2, 7-di brgmg- 9- nonyl - 9?0{3(%)- 9- phog%hafl Eoene ixn Exanpl e 1. STﬁuél obt ali ened, t he

pol ymer icg?qﬁoﬁ}{ﬁ"%hs & QBT a&&hald'brzgthf?%ﬂ@ i%]g ﬁ?&@ﬁ@uﬁgm& -diist@?séd’h?t ed

t hrough g per meati on chronat ogr y met
nunber-a\é% E%%BH;%I ecul ar weight was 5680 and its wei ght-average nol ecul ar
wei ght was . Its NVR spectral data are nentioned bel ow.

H bra). 2. 16 o, §t OF SRENSR pfsod il s gidincsauly s are.

Exanple 14 (reaction wth catalytic anount of Ni salt/zinc): In a nitrogen
at mosphe™™ 189%%‘”& (0.0125 mml) of nickel chloride, 0.0020

IR(KBr):2950.6,2925.5,2854.1,1450.2,1392.4,1172.5,1085.7,821.5cm™.
'H-NMR(CDCl5):80.84(3H,t,J=6.0Hz),1.00(3H,dd,]=6.9,18.9Hz),1.21(8H,brs),
1,43-1.46(1H,m),1,74-1.80(1H,m),2.19-2.24(1H,m),7.57(2H,dd,J=2.8,8.2Hz),
7.67(2H,d,J=8.2Hz),7.86(2H,dd,J=2.1,8.9Hz).
BC-NMR(CDCl3):812.2,14.0,22.5,27.3,27.5,28.8,31.6,33.6(d,]=69.7Hz),
122.8(d,J=9.8Hz),123.5(dd,J=4.0,13.3Hz),132.8(dd,J=9.9,16.9Hz),
132.9(dd,J=29.7,94.8Hz),136.3,139.8(dd,J=11.6,18.3Hz).
IP_NMR(CDCl5):549.2.
m.p.: 84.4-85.2°C.
Elementary Analysis: Calculated as CoH230PBr;:

C, 51.09; H, 4.93.

Found: C, 50.89; H, 5.14

Example 13:

In the same manner as in Example 1, obtained was 0.229 g (0.74 mmol in
terms of the monomer unit) of a polymer having repeating units of a
9-(3-ethylhexyl)-9-ox0-9-phosphafluorene-2,7-diyl group (of formula [III] where R is
3-ethylhexyl group), for which, however, used was 0.470 g (1.0 mmol) of

2,7-dibromo-9-(3-ethylhexyl)-9-ox0-9-phosphafluoene (of formula [VI] where R is
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g (0.00125 nmol) of a,a'-dipyridyl, 0.0031 g (0.50 mml) of zinc powder,
and 0.00627 g (0.125 mmol ) of 2, 7-di brono- 9- nonyl - 9- oxo- 9- phosphaf | uor ene
(of formula [VI] where Ris nonyl group and X is brom ne) were dissolved
in N, Ndinethylformam de, to which was added 1.6 L (0.0125 nmol) of
chlorotrimethylsilane, and stirred under heat at 100C for 48 hours. The
reaction mxture was poured into 20 nL of 0.5 diluted hydrochloric acid,
and the resulting powder was taken out through filtration. The powder was

washed wWistdhiRe of r, hdien digssol wed i promifdy of @hl orgiheyr m gnd
reprecipitaﬁéd)ﬁﬁ 10E%?h§f met hanol to thereby og%ain 33 ngﬂ(0.108 mmol in

terms of 5 A ferdRR9HRhyNRokd-9PholpRPYERS iR ARkl EPEAITIRG YBalpd Ofthd
Laf | | {( ? Pﬂa n[% 1 Ilj1

9- nonyl - 9- oxo- 9- phosphaf | uorene-2, 7-diyl skeleton (of formu I where R

i s nonyl cul g he [ r
hglecuyapogéggﬁgaggggﬁ%nﬁ%§ﬂ§%@£8§g§$§§§%£§%@£€ﬁg%Mng% -§§é§§§%ﬁ%§}ecu|ar
wei ght t . : e.sa ner. as_|i anpl e 4,
obtginedB%ég%%9§%%“§%%g32%9%5§%H$%%Cﬁg%ﬁ%ggéﬁtH% ﬁ%ﬁongpeﬁﬁthmg¥E§rpolyner
having in t ba ne 9-(2-octyl)-9-9x0-2- phos | uorene-2, 7-di yl
g oqu?naveéﬁm?ﬁiaéEE?‘ﬁa%&ﬁ %gg»s&iafﬁ%%p{»?ls%@argvgﬁﬁt vﬁéﬁbr i 2 (1] et i
- oC roup a . is - di hexyl oxy- 1, 4- phenyl ene group), for i ch,
20\9@\%& guseg 2?‘@?%'3?“8’3{ %‘_t%gre ?r%é‘%;%)l%elow f f I VI] wh R
, 7-di bregnm-9-(2-0 - 9- oxo0- 9-phaosphaf |l uorene (of fornula ere
*5 21 oot JHNMBYEDS X 766 b @E§4H,Ersb|léé@ll—bprs),i.67(1H,brs),2.16£2H,!)rs),
2,7-dibronD-9-non%I-9-oxo-9-phosphafluprene in Exanple 4, and used were
0. 0058 g7-86ABb50.8nhP63H.bes. t et r aki s(tri phenyl phosphi ne) pal | adi um 0.184 g
(0.50 nng[ of 2,5-di hexyl oxy-1, 4- phenyl enedi boronic acid, 1.0 g of

tri pot asSPolVEHES YA 4dnd 5 ml  of N, N-di met hyl f or mami de. Thus obt ai ned,
the polyner is a novel conpound not

Example 14 (reaction with catalytic amount of Ni salt/zinc):

In a nitrogen atmosphere, 0.0016 g (0.0125 mmol) of nickel chloride, 0.0020
g (0.00125 mmol) of a,a'-dipyridyl, 0.0031 g (0.50 mmol) of zinc powder, and 0.00627
g (0.125 mmol) of 2,7-dibromo-9-nonyl-9-0x0-9-phosphafluorene (of formula [VI]
where R is nonyl group and X is bromine) were dissolved in N,N-dimethylformamide,
to which was added 1.6 pL (0.0125 mmol) of chlorotrimethylsilane, and stirred under
heat at 100°C for 48 hours. The reaction mixture was poured into 20 mL of 0.5 diluted
hydrochloric acid, and the resulting powder was taken out through filtration. The
powder was washed with 10 mL of water, then dissolved in 1 mL of chloroform, and
reprecipitated in 10 mL of methanol to thereby obtain 33 mg (0.108 mmol in terms of
the monomer wunit) of a polymer having repeating units of a
9-nonyl-9-0x0-9-phosphafluorene-2,7-diyl skeleton (of formula [III] where R is nonyl
group). Calculated through GPC method, the number-average molecular weight of the

polymer was 2730 and the weight-average molecular weight thereof was 3720.
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disclosed in any literature. Cal cul ated through GPC nethod, the
nunber - average nol ecul ar wei ght of the polynmer was 19400 and the

wei ght - aver age nol ecul ar wei ght thereof was 22000. Cal cul ated t hrough

el enentary anal ysis, the nean nol ecul ar weight of the polynmer was 13400.
The NMR spectral data and el enentary anal ysis data of the polyner are

ment i oned bel ow.

" H- NVR( CDC13) : 50. 87(9H, brs), 1. 08(3H, dd, J=6. 1, 18. 2Hz), 1. 36(18H, brs), 1. 73(7H,

m, 2-00053(am51e15:
H, brs), 2. 33(2H, brs), 2. 95(4H, brs), 7. 09(2H,s), 7. 85(2H, M, 7. 96(2H, m, 8. 04(2H, m

). 31P- NWR( CDGl3{ye 55%?11e3ma1§{e? rEE% %x)én@'l@h%éﬂ)tﬁme@%a%% 264 (@3,7 r}nmo??n
( 0856H1145067P235r Z): . Found:

8.65; Bry ?tﬁe E@E}B@F‘e 1‘1' To?“% B R indS i ”th%xaﬂﬁ%kﬁorﬁeo’a

obt ai ned was 1
Ris 3 o ﬁéﬁ-@fe&gﬂoﬁli iy fmor %ﬁ-ﬂ%ﬁﬁiﬁ%‘?' #5880 vas 13°"" (0. © o)
3 et hyl ﬁ&%ﬁi% Aot dcuebiten: BROREOEInsBlee) hp R sk eriup 8 @éf?;%bfe' 10,
ThUs o0 L e B E%@smﬁer?eﬁéroinﬂp?%? RS Bt A
| R(Ker ) - 900 3F 2 atetime da et D ono Dopisa el kmachs (pbAume LV regre K
RS et oy~ i) O Y T blomngy T T ke " b
2,7-dibromo-9-nonyl-9-oxo0-9-phosphafluorene in Example 4, and used were 0.0058 g
(0.0050 mmol) of tetrakis(triphenylphosphine)palladium, 0.184 g (0.50 mmol) of
2,5-dihexyloxy-1,4-phenylenediboronic acid, 1.0 g of tripotassium phosphate and 5 mL
of N,N-dimethylformamide. Thus obtained, the polymer is a novel compound not
disclosed in any literature. Calculated through GPC method, the number-average
molecular weight of the polymer was 19400 and the weight-average molecular weight
thereof was 22000. Calculated through elementary analysis, the mean molecular
weight of the polymer was 13400.

The NMR spectral data and elementary analysis data of the polymer are
mentioned below.
'H-NMR(CDCl3):50.87(9H,brs),1.08(3H,dd,J=6.1,18.2Hz),1.36(18H,brs),1.73(7H,m),
2.00(1H,brs),2.33(2H,brs),2.95(4H,brs),7.09(2H,s),7.85(2H,m),7.96(2H,m),8.04(2H,m).
IP_NMR(CDCl3):851.3.

Elementary Analysis: Calculated as n =22 (Cgs¢H1145067P23Br3):
C, 76.84; H, 8.63; Br, 1.20.

Found: C, 76.38; H, 8.65; Br, 1.20.
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1.28-1.32(2H, M, 1.37-1.43(2H, M, 1.65-1.71(1 H mM2.01-2.13(2H nm,

7.60(2H, dd, J=2.9, 8. 2Hz), 7. 69(2H, d, J=8. 3Hz), 7. 92(2H, dd, J=1.6,9.1 Hz).

13C- NVR(CDC13) : 610. 3, 14. 0, 22. 7, 27. 4(d, J=8. 8Hz) , 28. 8, 34. 0(d, J=8. 2Hz),

34.3(d, J=69. 2Hz), 34. 4(d, J=3. 1 Hz), 122. 7(d, J=10. 3Hz), 123. 6(dd, J=4. 1, 13. 5Hz),
132.5(d, J=10. 4Hz), 134. 5(dd, J=15. 5, 97. 3Hz), 136. 2, 138. 9(dd, J=3. 1, 19. 7THz) .
31P-NVR(CDC13):842.7. mp.: 139.1-139.8C Elenentary Anal ysis: Cal cul ated
as C20H230PBr2: C, 51.09; H 4.93. Found: C, 50.86; H 5.14. Exanple 17:
The sol ulpixhinple (61 My polynmer/I nL solvent) of the polyners obtained in 28
Examples 1 to 9, 13 and 15 in different solvents was evaluated. The results

are shown in Tabi g% shleOndnncRa0% EcBplhf), Ghididd fal o179 Alauphigd) of oI UDI €
sanples are indicated by (O; partly Soluble sanples are by { Oor 0, butC

Sol uby i 057 aPBAT e e 8PP e e T R BB tls KT e 100
Exanpl e %(éﬂﬁﬂé&ﬁxg%bﬁ %(E)Mhi;r}%blh%vs%ver, used was 12.5 g (40.0 mmol) of

9-(3-ethylhexyl)-9-ox0-9-phosphafluorene (of formula [IX] where R is 3-ethylhexyl) in

place of 9-0x0-9-phospha-9-propylfluorene in Example 10. Thus obtained, the
compound was a colorless acicular crystal, and is a novel compound not disclosed in
any literature.

Its IR and NMR spectral data, melting point and elementary analysis data are
mentioned below.
IR(KBr):2958.3,2923.6,2856.1,1442.4,1390.4,1184.1,1085.7,817.7cm™,
'"H-NMR(CDCl5):80.79(3H,t,J=7.4Hz)0.83(3H,t,J=7.0Hz),1.12-1.17(4H,m),
1.28-1.32(2H,m),1.37-1.43(2H,m),1.65-1.71(1H,m)2.01-2.13(2H,m),
7.60(2H,dd,J=2.9,8.2Hz),7.69(2H.d,J=8.3Hz),7.92(2H,dd,J=1.6,9.1Hz).
BC.NMR(CDCl5):510.3,14.0,22.7,27.4(d,J=8.8Hz),28.8,34.0(d,J=8.2Hz),
34.3(d,J=69.2Hz),34.4(d,J=3.1Hz),122.7(d,J=10.3Hz),123.6(dd,J=4.1,13.5Hz),
132.5(d,J=10.4Hz),134.5(dd,J=15.5,97.3Hz),136.2,138.9(dd,J=3.1,19.7Hz).
3IP_NMR(CDCl5):842.7.

m.p.: 139.1-139.8°C.
Elementary Analysis: Calculated as Co0H,30PBr;:
C, 51.09; H, 4.93.

Found: C, 50.86; H, 5.14.

Example 17:

The solubility (1 mg polymer/l mL solvent) of the polymers obtained in
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Solubility of Polyners Pol yner Sol vent CHC13THEet hanol t ol uene Exanpl e 4Q00A
Exanpl e 5(c) 0AX Exanpl e 60Axx Table 3 Solubility of Polymers Pol yner Sol vent
CHC13THEnet hanol t ol uene Exanpl e 70AAX Exanpl e 80AAX Exanpl e 90Axx 29 Tabl e
4 Solubility of Polyners PolymerSol vent CHCL3THEnet hanol t ol uene Exanpl e
13@\xx Exanpl e 15000x Exanple 18: The optical properties of the polyners
obtained in Exanples | to 9, 13 and 15 were evaluated. The matters tested
for these are the absorption peak wavel ength in the UV range (UV2 nax),

the ol aExgx le@qttbgr‘l}?élﬁf {9 @i BiftreREJo¥dne WRNSARAtNI t (s), the fluorescent
spectrum peak wavel ength in W exposure (EMXmax), and the quantum

The results are shown in Tables 1 to 4. Regarding the criteria for evaluation,
soluble samples are indicated by (©); partly soluble samples are by {O or A, butO>

A in point of the solubility); and insoluble samples are by (x).

Table 1
Solubility of Polymers
Polymer Solvent
CHCl; THF methanol toluene
Example 1 © O JAN X
Example 2 © O JAN X
Example 3 A A X X
Table 2
Solubility of Polymers
Polymer Solvent
CHCI; THF ethanol toluene
Example 4 © © O A
Example 5 © O JAN X
Example 6 © JAN X X
Table 3
Solubility of Polymers
Polymer Solvent
CHC(Cl; THF methanol toluene
Example 7 © A A X
Example 8 O JAN A X
Example 9 O A X X
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efficiency in solution.
f NV) NLnNCOOv,
200000V) " OMOOO0O~N

The results are given in Table 5. 30 H k al

cl~N*N\CV)MMMOQOO "C ~rdd'v')V)Ndd E Cd

Table 4
Solubility of Polymers
Polymer Solvent
CHCl, THF methanol toluene

Example 13 © YA X X
Example 15 © O A X
Example 18:

The optical properties of the polymers obtained in Examples 1 to 9, 13 and 15

were evaluated. The matters tested for these are the absorption peak wavelength in the

UV range (UVAmax), the molar extinction coefficient per the monomer unit (g), the

fluorescent spectrum peak wavelength in UV exposure (EMAmax), and the quantum

efficiency in solution.

The results are given in Table 5.
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As is known from Table 5, the polymers obtained in Examples 1 to 9, 13 and
15 all emit fluorescence having a peak wavelength in the visible light range in any form
of solution in CHCl3 and thin film, and their quantum efficiency in solution in CHCl; is

high, falling between 0.59 and 0.81.

Example 19 (electrochromic element formed of polymer):

This is to demonstrate the spectral electrochemical response of the polymer
obtained in Example 4. One mg of the polymer was dissolved in 200 pl. of
dichloroethane, and the resulting polymer solution was cast on a commercially-available
transparent electrode (50 x 5 mm) to prepare a working electrode. This was disposed
in a quartz cell along with a counter electrode (platinum plate) and a reference electrode
(silver, silver ion electrode). With that, the cell was filled with a supporting electrolyte,
tetrabutylammonium perchlorate, and a solvent, dewatered acetonitrile. The cell was
driven, and the color change of the polymer owing to the potential change in the cell
was detected with a spectrophotometer. As a result, it was found that the thin film of
the polymer of Example 4 was pale yellow in neutral but changed from pale yellow to
deep violet with the increase in the potential applied to the cast film of the polymer.
With the change, the UV absorption band intrinsic to the polymer that had existed at
around 390 nm disappeared, and a novel visible light absorption band appeared at

around 570 nm.

INDUSTRIAL APPLICABILITY

The present invention provides a polymer which contains in the backbone a
9-0x0-9-phosphafluorene-2,7-diyl skeleton or a combination of the skeleton and an

arylene or vinylene group and which is useful, for example, as a component of a
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31 As is known from Table 5, the polyners obtained in Exanples 1 to 9, 13
and 15 all emt fluorescence having a peak wavelength in the visible |ight
range in any form of solution in CHCL3 and thin film and their gquantum
efficiency in solution in CHC13 is high, falling between 0.59 and 0. 81.
Exanpl e 19 (el ectrochrom c elenment fornmed of polyner): This is to
denonstrate the spectral el ectrochem cal response of the polyner obtained
in Exanple 4. One ng of the polynmer was dissolved in 200 .tL of

di chl or ogiriaBsenBEldmehttor €sdttdchignip @llanieit, Sl prol s Wgﬁoé‘e@§ forOftoducing
commerci al |l y-avail abl e transparent el ectrode (50 X mm to prepare a
wor ki ng edessdlyage. This was disposed in a quartz cell along with a counter
el ectrode (platinumplate) and a reference el ectrode (silver, silver ion

el ectrode). Wtipd ﬂ@%nﬂ&hﬁs&ﬁdwd’é@% oKl ldhﬁﬁ) Wo&@ﬂd}%‘é% oobd}@ c%hf?)%{lﬁcfl yte,

tetrabutylannnnlun1perc ora and a sol vent d acet onreri The

cell was,, H 1sE{kefid! e G gﬁ)ﬁ’é A% £ pﬂ)ﬂgﬁepffo é&%gﬁ&hé’ FRlctOHAl ) RefsNénd

potent|al ange int fect ed aspectro oneter. As a
result, Ln film,f the pol yner of Exanple 4 was
pal e yeI }O\y\&ss arPe ?e ?g}gﬁ?&u@ﬁ%{n %urﬁdpal e yellowto deep violet with

t he |ncrease in the potenti al applled to the cast filmof the pol yner.
Wth the change, the UV absorption band intrinsic to the polyner that had
exi sted at around 390 nm di sappeared, and a novel visible |ight absorption
band appeared at around 570 nm | NDUSTRI AL APPLI CABI LI TY The present

i nvention provides a polyner which contains in the backbone a

9- ox0- 9- phosphaf | uorene-2, 7-diyl skeleton or a conbi nati on of the skel eton
and an arylene or vinylene group and which is useful, for exanple, as a
conponent of a 32
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| um nescent el enent or electrochromc el enment, and provides a process for
producing the polyner. The invention also provides a

2, 7- di hal o- 9- oxo- 9- phosphaf | uorene conmpound which is useful, for exanple,
as a nonomer for producing functional polynmers, and provides a process for
produci ng the conpound. 33 CLAIM5S 1. A polymer that contains in the
backbone a 9-oxo-9-phosphafl uorene-2,7-diyl skeleton and a vinyl ene

skel eton of the following general fornmula [I1]: [I] [wherein -Q
represents a single bond, -Ar- (Ar dlsaAMSaryl ene group), or a vinylene
group of the following general fornmula [II]: (in which R represents a
hydrogen atom jn optignal pofy@ebst ifadt edcoatkd . &y Cl @ Kylbackidhy! @

aral kyl group, a cyano group, or an al koxycarbonyl group, and it may bond

to any 9—%&9@%Mspﬁéﬁo@n@f2 Nash %'k@le{o'ﬁ e o f ﬂﬁﬁ%@)skelaoh oy ﬁ{c‘ﬁ@ e ydr ogen

atom or an optionally-substituted al kyl, cycloalkyl, ara

al koxy, ar al kyl oxy or aryloxy group; and n |nd|cates an

i nt eger %%ﬁ*roﬁﬁﬁhQQYSOOOO] 2. The polynmer as clainmed in claiml1, for
which -Q in forrmula [I] is a single bond and which is represented by the
followi ng general forrmula [I11]: 34 (wherein R and n have the sane neani ngs
as above). 3. The polymer as clajmed in claim1, for which -Q in formula
[I] is -Ar- and which is represegnted®byRthe follow ng general formula [IV]:
(wherein Ar, R and n have the sa p&Rj ngs a§+§bove).

(1]
[wherein -Q- represents a single bond, -Ar- (Ar is an arylene group), or a vinylene
group of the following general formula [II]:
!
R -

s

~

— |

T [

(in which R' represents a hydrogen atom, an optionally-substituted alkyl, cycloalkyl,
aryl or aralkyl group, a cyano group, or an alkoxycarbonyl group, and it may bond to
any carbon of the olefin chain in the formula); R represents a hydrogen atom, or an
optionally-substituted alkyl, cycloalkyl, aralkyl, aryl, alkoxy, cycloalkyloxy, aralkyloxy
or aryloxy group; and n indicates an integer of from 3 to 30000].

2. The polymer as claimed in claim 1, for which -Q- in formula [I] is a

single bond and which is represented by the following general formula [III}:

QR

7
~ [111]
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4. The polymer as clained in claim1, for which -Q in formula [I] is. the
vinyl ene group of forrmula [I1] and which is represented by the follow ng
general formula [V]: [V] (wherein R, R and n have the sane neani ngs as
above). 5. A process for producing the polyner of claim1l, which conprises
dehal o- pol ycondensi ng a 2, 7-di hal o- 9- oxo- 9- phosphaf | uoene of the follow ng
general formula [VI]: [VMI] (wherein R and X have the sane neani ngs as
above), or reacting it with an arylenebisboronic acid followed by

pol ycondewisdreig R ael ff Rewd the Bgné meatingdisadb@yeor pol ycondensing it with an
olefin. 35 6. The production process as clainmed in claim5, wherein the

pol ycondensat i 031 i BheepdIogibLes E1RinkdICinISRENCRT Wfhich IcPﬁ%Sfohhelfa [Mefsalarbased
chem cal substance. The production process as ainmed in claim6,

wher ein iliewhicATSid giéggntemale fQﬁé@ g&ﬁe&lapﬁo'r@%}aﬁ fnce is a | ow val ence
transition netal -based chem cal ance e production process as
claimed in claim?7, wherein the poI ycondensation is effected in the
presence of the |owvalence tran§itRon netyal -based chenical substance
formed by adding a reducing fagent Ro a transition netal -based cheni cal
substance of which the val eacg |\ | o . The production process as
clainmed in any of clains 6to’§, n the transitio&vﬁretal i's nickel.

n

(wherein Ar, R and n have the same meanings as above).
4. The polymer as claimed in claim 1, for which -Q- in formula [I] is the
vinylene group of formula [II] and which is represented by the following general

formula [V]:

LN
F .

(wherein R', R and n have the same meanings as above).
5. A process for producing the polymer of claim 1, which comprises

dehalo-polycondensing a 2,7-dihalo-9-ox0-9-phosphafluoene of the following general

(wherein R and X have the same meanings as above), or reacting it with an

formula [VI]:

v -

arylenebisboronic acid followed by polycondensing the resulting intermediate, or

polycondensing it with an olefin.



10. The production process as clainmed in any of clains 6 to 8, wherein the
transition netal is palladium 11. A process for producing the polynmer of
claim 2, which conprises dehal o-polycondensation of the

2, 7- di hal 0- 9- oxo- 9- phosphaf | uorene of forrmula [VI]. 12. The production
process as clainmed in claim1l, wherein the polycondensation is effected
in the presence of a transition netal -based chem cal substance. 13. The
production process as clainmed in claim 12, wherein the transition

net al - based chegi calThs UBEJdaBEdh | frodeds OWs Vala@i&® in adlgikt | ON WRdraih- hRsed
chem cal substance. 14. The production process as clainmed in claim13,

wher ei N phFcoRRhYARRIRNEAENQN ih 3h&TPr&eh&d of h thRsif6E I8EEIELREd tdRABmical |
| ow val enceé transition netal -based” chem cal substance fornmed by adding a

reduci ng sg9&Hcet 0 @ transition netal -based 36 chemical substance of which
the valence is not |ow 15. The production process as clainmed in any of

claims 12 to 14y wagl %%;Hu(c:{i%? r%hgd%é'ssv\h% iccﬁaii‘rg%tiﬁ‘!cléiﬁl B! %%}einﬁ e tfg[lﬂ{i&?ess for

produci ng the pol yner onprises polycondensation of the

2, 7-di hal 0= 9-.0x0r 9 | uorene_of f lL.a [Vl W an .
2 o enb R RS NTARE e oLt By chemic
(HO)ZB-Ar-bB 2 [VII] wherein Ar has the sane neani ng as above. 17. The

producti AP S¢ess as clained in claim 16, wherein the pol ycondensation is

effected in the_ presence of a palladiumcatalyst, 18.. The productipn
process as cl ai fred isrﬁeclpFﬂdH‘Fti , BI0ETEi A5t “Bé@l‘&’di fm 7, Puherein 'the

polycondensation is effected in the presence of the low-valence transition metal-based
chemical substance formed by adding a reducing agent to a transition metal-based
chemical substance of which the valence is not low.

9. The production process as claimed in any of claims 6 to 8, wherein the
transition metal is nickel.

10. The production process as claimed in any of claims 6 to 8, wherein the
transition metal is palladium.

11. A process for producing the polymer of claim 2, which comprises
dehalo-polycondensation of the 2,7-dihalo-9-0x0-9-phosphafluorene of formula [VI].

12.  The production process as claimed in claim 11, wherein the
polycondensation is effected in the presence of a transition metal-based chemical
substance.

13.  The production process as claimed in claim 12,' wherein the transition
metal-based chemical substance is a low-valence transition metal-based chemical
substance.

14.  The production process as claimed in claim 13, wherein the
polycondensation is effected in the presence of the low-valence transition metal-based

chemical substance formed by adding a reducing agent to a transition metal-based
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catalyst is a | owval ance conpl ex catalyst. 19. The production process as
claimed in claim17, wherein the palladium catalyst is a divalent conplex
with a ligand of a tertiary phosphine or tertiary phosphite. 20. The
production process as claimed in claim17, wherein the palladi um catal yst
is a precursor conplex capable of being readily converted into a

| ow-val ence conplex in the reaction system 21. The production process as
claimed in claim17, wherein the palladium catalyst is a | ow val ence

conpl ex whdica Jub&and IfwHied thedaknedRsBhiowe and/or tertiary phosphite that

is formed froma combination of a palladiumconplex not having a Iigand of
a tertiary phospdi Dﬁleoﬁﬁroaﬁﬁfdnaﬁrxcégg%re%ﬁq@d iﬁﬁgy Bf LRirhd 30 o RROVRBeNE and/ or
a tertiary phosphite 1n the reaction system 2Z2. A process for producing

t he pol yoer . i iich conprises polycondensation of the
2,7-diha:ﬁ%-t -%&%hgé%ﬂéggﬁgyruorene of formula [VI] with an olefin of the

ol w0 oerer ok 18"k T RS oy o, SRR 0
et el g oL P35 ToEaBEBE9R BEGRR, B UL
25 ol ai e ROBPERAIEZEN Ghice SRR ESldPER R WEc al - based chem cal | -
substance is a hﬁ$%%§kﬁg%§H%ransition netal-base?vﬁ?enica

wherein Ar has the same meaning as above.

17.  The production process as claimed in claim 16, wherein the
polycondensation is effected in the presence of a palladium catalyst.

18. The production process as claimed in claim 17, wherein the palladium
catalyst is a low-valance complex catalyst.

19. The production process as claimed in claim 17, wherein the palladium
catalyst is a divalent complex with a ligand of a tertiary phosphine or tertiary phosphite.

20. The production process as claimed in claim 17, wherein the palladium
catalyst is a precursor complex capable of being readily converted into a low-valence
complex in the reaction system.

21. The production process as claimed in claim 17, wherein the palladium
catalyst is a low-valence complex with a ligand of tertiary phosphine and/or tertiary
phosphite that is formed from a combination of a palladium complex not having a
ligand of a tertiary phosphine or tertiary phosphite, and a tertiary phosphine and/or a
tertiary phosphite in the reaction system.

22. A process for producing the polymer of claim 4, which comprises
polycondensation of the 2,7-dihalo-9-ox0-9-phosphafluorene of formula [VI] with an

olefin of the following general formula [VIII]:
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substance. 26. The production process as clained in claim25, wherein the
pol ycondensation is effected in the presence of the | owval ence transition
net al - based chem cal substance forned by adding a reducing agent to a
transition metal -based chem cal substance of which the val ence is not |ow
27. The production process as clained in any of clainms 24 to 26, wherein
the transition netal is palladium 28. The production process as clainmed in
claim 27, wherein the palladium catalyst is a divalent conplex with a
ligand of a tertiary phosphine or tertiary phosphite. 29. The production
process as clainmed in claim27, whergyn the palladiumcatalyst is a
precursor conpl ex capabl e of being readi converted iqﬁqﬂ? | ow val ence
conplex in the reaction system 30. The production process as clainmed in

Clai”‘27vd%ﬂ§ﬁﬁﬁﬂhﬁﬂ§g§%%b@8ﬁH gﬁﬁgjyst is a lowvalence conplex with a

ligand of tertirary p Ine and/or tertiary phosphite that is formed from

nbi [ || adi I havi ng. | i f '
Phosphi ne. or 1 Pt A0 PR FRcesh e AR kPPt et anp e Y

tertiary Eﬂoiphite in the reaction system 31. A |um nescent or
el ect r ocH6fi% el ement t hat conprises a polymer having a

9- ox0- 9- phosphaf | ugrene-2, 7-di yl skel eton of .the follow ng general formula
[1]: [1] (vvher§|4n Hlé@,Pfag%lan TREGPE %Shéla!%%l‘ﬁ{s“hég%’ﬁnn%% Fs2hphiasn B A
process for producing a 2, 7-di hal o-9- oxo-9- phosphafl orene conmpound of the
f ol | owi meplYferaensptionamefigcted) : the presence of a transition metal-based chemical

substance.

25. The production process as claimed in claim 24, wherein the transition
metal-based chemical substance is a low-valence transition metal-based chemical
substance.

26. The productiqn process as claimed in claim 25, wherein the
polycondensation is effected in the presence of the low-valence transition metal-based
chemical substance formed by adding a reducing agent to a transition metal-based
chemical substance of which the valence is not low. |

27. The production process as claimed in any of claims 24 to 26, wherein
the transition metal is palladium.

28. The production process as claimed in claim 27, wherein the palladium
catalyst is a divalent compléx with a ligand of a tertiary phosphine or tertiary phosphite.

29. The production process as claimed in claim 27, whereiﬁ the palladium
catalyst is a precursor complex capable of being readily converted into a low-valence
complex in the reaction system.

30. The production process as claimed in claim 27, wherein the palladium
catalyst is a low-valence complex with a ligand of tertiary phosphine and/or tertiary

phosphite that is formed from a combination of a palladium complex not having a



(in which R has the sanme neani ng as above; and X represents a hal ogen
atom, which conprises hal ogenating a 9-oxo-9-phosphafl uorene of the
following general forrmula [IX] : (in which R represents a hydrogen atom
or an optionally-substituted al kyl, cycloal kyl, aralkyl, aryl, alkoxy,
cycl oal kyl oxy, aral kyl oxy or aryloxy group), wth a hal ogen nolecule. 39
33. The production process as clained in claim 32, wherein the

hal ogenation is effected in the presence of a Lewis acid catalyst. 34. The
product i tiparr ot es&tiay sHodpliirel or Mertihgi phoSphitevagd @ Rritahe phesphmeagidtbr £at al yst
is anetal or a netal salt. 35. The production process as clained in claim

34, mhermrp?ﬁogmh@ﬁnm@regfcqusygnﬁn_LeV\,i s acid catalyst is iron, alum nium
or antinmony. 36. A 2,7-di hal o-9-0x0-9-phosphaf| uoene conpound of the

; gl)lvgyvi g genespl £ aumiAcer: \dr] clctRRhRInTic RelREn X tha WS ndplitesS AR 1 fRaNT Ngs as

having a 9-o0x0-9-phosphafluorene-2,7-diyl skeleton of the following general formula

[1]:
o, R \
p
[T
/n

(wherein -Q-, R and n have the same meanings as above).
32. A process for producing a 2,7-dihalo-9-ox0-9-phosphaflorene
compound of the following general formula [VI]:

O, R

xx S

(in which R has the same meaning as above; and X represents a halogen atom),
which comprises halogenating a 9-oxo-9-phosphafluorene of the following general
formula [IX]:

o, R

N

P

(in which R represents a hydrogen atom, or an optionally-substituted alkyl, cycloalkyl,
aralkyl, aryl, alkoxy, cycloalkyloxy, aralkyloxy or aryloxy group), with a halogen

molecule.
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33, The production process as claimed in claim 32, wherein the
halogenation is effected in the presence of a Lewis acid catalyst.

34.  The production process as claimed in claim 33, wherein the Lewis acid
catalyst is a metal or a metal salt.

35. The production process as claimed in claim 34, wherein the metal to
form the Lewis acid catalyst is iron, aluminium or antimony.

36. A 2,7-dihalo-9-0x0-9-phosphafluoene compound of the following

general formula [VI]

O, R

N\~

P

XX [VI]

(wherein R and X have the same meanings as above).
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