;e3eT,6TT24 Aug 2003 -1 DESCRI PT | ON POLYMER CONTAI NI NG _

9- OXO- 9- PI - | OSPHAFLUORENE- 2, 7- DI YL SKELETON | N BACKBONE AND PROZES%!FEORI0S
PRODUCI NG THE SAME TECHNI CAL FI ELD The present invention relates to a

pel ymer containing in the backbone a 9-oxo-9-phosphafl uorene-2, 7-divyl

skel eton that is condensed with a phosphorus atom Precisely, the invention
relates to such a polynmer that contaifis i n the backbone the skeleton or a
conbi nati on of the skeleton and a vinylene or arylene skeleton, and to a
process for producing the polynerasmeltnads to use of the polymer for a
conponent of a |um nescent elenent or electrochrom c el enent. BACKGROUND
ART Met hods of produci ng 9-oxo-9-phosphaf| uorene-based chem cal s are known
in the art. However, a polyner that contains in the backbone a

e L ey
2 e oera o R PRSI o SRR HEEggr o erent o

2, 7- di hal 0-9- al kyl - 9- oxo- 9- phosphaf | uorene conpounds that are used as the
'starting nononmer for the polyner, and a process for producing themare also
unknown. DI SCLOSURE OF THE | NVENTI ON One obj ect of the present invention is
to provi dEEQHPBEMAIIIAt contains in 26 AUG 2003 -2 the backbone a

9- oxo- 9- phosphaf | uorene-2, 7-diyl skeleton or a conbination of the skeleton
and a vinyl ene drheaprgbenhdnedasiont ishatesatvd at lpney coldaiaingr e gesbdobopr educi ng
the polyner. The polynmer is utilizable as, for exanple, a conponent of a

| unm nescehtxePabesphafinorhedt Hdivh sialeton ehat e wondeApat With aopfeaphorof atone
invention is to provide a 2, 7~di hal o- 9- al kyl - 9- oxo- 9- phosphaf | uor ene
conpound Rrkcisdlyi geliseehtmn tehesstoasitchng polynerehatf @ntdifeinptleybekborgnthea
process for producing the conpound. BEST MODES OF CARRYI NG OQUT THE

| NVENTI ONkEletoni srve bébinatiel af 88 skelenpaldydareinylehator aBNémi kslotdh, hhe wackbone
a 9- oxo-9-phosphafl uorene-2, 7-diyl skeleton or a conbi nation of the

skel et on yaoeksafo NN BE fp@[}yﬁ@p@s WEEh IO thd o1kt ﬂwa%nq;l%ﬂ@ﬁ@f
or

formula [I], to a process produci ng the polyner; and to a’| um nescent

el enent  of luAinRL&H blAtAr 8RdlectRIcBRML cldidty contain the polymer. O, RP ~ Q
[wherein -Q represents a single bond, -Ar- (Ar is an arylene group), or a

vinyl ene group of the follow ng general formula (il]: R of ~f (in which
R represents a hydrogen atom an optionally-substituted al kyl, cycloal kyl,

aryl or %@KHR%AR% cyano group, or an al koxycarbonyl group, and it
y

may bond die olefin chain in the fornul a); 26 Aug 2003
o ePher et RdALCH o BRHY Wk X REhIABbne- 54407 LhéntcERl AL Ko
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 e¢lement are
unknown. In addition, 2,7-dihalo-9-alkyl-9-ox0-9-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



aryl, al koxy, cycloal kyl oxy, aral kyl oxy or aryl oxy group; and n g? iggﬁqg N
an integer of from3 to 30000]. Fornmula [I] where -Q is a singl oney 2803
represents a polymer that contains in - the backbone a

9- ox0- 9- phosphaf | uorene-2, 7-di yl skel eton of the foll ow ng general formula
[1I1]: OPR/ ~ ~[~I] (wherein R and n have the same neani ngs as above).
Formula [I] where -Q is -Ar- represents a pol ymer that contains in the
backbone a 9-oxo-9-phosphaf | uorene-2, 7-di yl skeleton and an aryl ene

skeleton of ghendel b anbngogepgabbendlasl] f%etﬁﬁf or{l\%ec nf¥inatof Wergi n Ar

and n have the sanme nmeani ngs as above). Forfnu re -Q 1s a vinyl ene
group of far. d 4 Ll 18Pr gﬁn; ) C t . £ant aj in the.backbone a
9- 0x0-9-p 05%#%%1uofé%§-2?g- #;%S%E§P%¥gﬁfghﬁ%gﬂgfiIﬁg%§ﬁ§ é%@fﬁ%?%? t he
foll ow n al~.f or mul i R J~L U 2 6 Aug 2003 -4 (wherein R

R and nqﬁgggg{hghgéﬁ%%ﬂgékxkaggggngggé?@nﬁﬂaf%FW@P%@m?P?Fk@% T?mﬁIV] and
[V], Rrepresents.a._h E&p en.atom or an optionally-substituted al kyl,

cycl oal k ?m%{f‘aﬁfk%l‘?ﬁmé polc S %&@%P‘wwo&f?@edpaqwndw FFOAIS Poxy
group. The_al kyl 0 of the optjonally-substituted al kyl group for R may
be a |i ng%l?‘%%;}a}l‘b?‘%h%’ﬁ‘gd”&r -yhosggég&lﬁ)fﬁﬁweﬁ@ﬁaw Waighnl Rsednas1theostating nor e |
preferably from1l to 15 carbon atons. Its exanples are nethyl, ethyl, n- or
i so- pr opyRongguer fpihe pelaymer,pndiagirecass fyfiproducing thocompewnd, tert- or

neo- pentyl, n-hexyl, n-heptyl, n-octyl, 2-octyl and n-nonyl groups. The
cycl oal kyl group of the optionally-substituted cycloal kyl group for R

pr ef er abl VB%%%PLIW%S5OTPOCA§\RY'R Of_)lrlefﬁﬁ IV% ) @35 to 10 carbon atons. Its
exanpl es aFE“CYCfUpEﬂTYfT_CYCfUEiXYfT‘CY@EﬁU%iYﬁLand cycl ododecyl groups.
The aral kyl group,of.the.optiopnally-substituted aral kyl .group,for R

ot ef or abl y has.f 1B FYEaiE Teffide . & BNy Ffomoras 18 B4 Bertoabord. 115
The opt1 ondrry-atRh BBty S PbrorRE GrELEBIy IS PS80 45,
nore preferably from6 to_ 14 carbon atons. Its exanpl es are phenyl,

napht hyl . y@y%;qne aﬁdar;dgnwskﬁ}egmbgf 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.

O\\P,R
et
n
o 1]

[wherein -Q- represents a single bond, -Ar- (Ar is an arylene group), or a vinylene
group of the following general formula [II]:
R~
//;;:Ljf
(1]
(in which R’ represents a hydrogen atom; an optionally-substituted alkyl, cycloalkyl,
ary!l or aralkyl group, a cyano group, or an alkoxycarbonyl group, and it may bond to

any carbon of the olefin chain in the formulay,



The al koxy group of the optionally-substituted al koxy group for g Al
preferably has from1 to 20, nore preferably from1 to 15 carbon gtﬁhﬁ.zﬁBs
exanpl es are net hoxy, ethoxy, n- or iso-propoxy, n-, iso-, sec- or
tert-butoxy, n-, iso-, sec-, tert- or neo-pentyl oxy, n-hexyl oxy,

n- hept yl oxy, n-octyl oxy and 2-octyl oxy groups. The cycl oal kyl oxy group of
the optionally-substituted cycloal kyloxy group for R preferably has from5
to 18, nore preferably from5 to 10 carbon atons. Its 2 6 AUG 2003 -5
exanpl es R, EYSLORCRENLOX Yo, o i
yclododccyloiy gr%ugggﬂ?ﬁﬁé%?gl%;?gggﬂggﬁﬁﬁug¥ﬁ%%g%%égi 55%@§¥Sﬁggyﬁtuted
ar al kyl oxy..gr far. refer WA 13, more preferably from?7
Fo 1L car Bon o e el e e o B Sty s e AR OBy e of
naphthylW@&Q%kgggogﬁoups. The aryl oxy group of the optionally-substituted
aryl oxy group Tor preferably has from6 to 18, nore preferably from6 to
14 carbon atons.. It anpl es_are phepoxy, |- or 2-naphthyloxy, tolyloxy
and xylyl oxy gr daped a%ﬁe‘gﬁﬁﬁs‘@l‘ fsu%ﬁlflgg? O EREEEIRT PplymeE Joat sapteips in

aral kyl , aryl, al koxy, cycloal kyl oxy, aral kyl oxy and aryl oxy groups

i ncl udes ,tﬁ? éﬂd@?&ﬁp% §;0X§n9~ahwha%li%ﬁﬁ%ﬁc4ﬁyla§k%@mwf , thetfhllpwing- geperal

i so-propyl; an _al koxy group such as nethoxy, ethoxy; and a hal ogen atom
such as fiPEe#Hr R8Il chi orine, bronine, iodine. Except these, any other
substituent not interfering with the pol ycondensation in the process of
produci ng the polynmer of the inveptign is acceptable for these groups. In
formula [1V], Ar represents a substrtuted or unsubstituted aryl ene group,
of which the aryl ene group o™~e_t-@_14 carbon atons. Concretely, it

i ncl udes 1, 4-phenyl ene, 2-ngt# ene, 2, 5-di met hyl -1, 4- phenyl ene,
2, 3-di met hyl - 1, 4- phenyl ene, Phyl - 1, 4- phengtjene,

2, 5-di met hoxy- 1, 4- phenyl ene, > oxy- 1, 4- phenyl ene and

2, 5-bi s(1- et hyl heptyl oxy) - 1, 4- phenyl ene groups. In fornulae [Il] and [V],
R is a hydrogen atom an optionally-substituted al kyl, cycloal kyl, aryl or

aral kyl gwbeétein 1R a6y AROvOMOYime Reading@bdeyepr bonyl group. For the
definitions and the exanples of the al kyl, ‘cycloal kyl, aryl or aral kyl

group of the opkiend g}ﬂ‘ aHbst ig-uisedaal Iléﬁeserﬁ:é/%: ggily}é?éhtﬁ%r %’clrbtﬁﬁs & ahkyl for

R, and also for the définitions and the exanp ubstituents for

these o SuBSond &1 EHH L0 Rl 2 2001 ORE003: 0 SHTR, 321038 Nt oned

her ei nabove for R respectively xycar 1's preferably
one cont gi i ali oy 19 p having from1l to 20, nore preferably froml

tol5 carggn at%%@? I'ts exaﬁﬁﬁés are net hoxycarbonyl, ethoxycarbonyl, n- or

i so- propoxycar bonyl, n-, iso-, sec- or tert-butoxycarbonyl, n-, iso-, sec-,
tert- or neo-pentoxycarbonyl, n-hexoxycarbonyl, n-heptoxycarbonyl,

n- oct oxycar bonyl and 2-octo ycaﬂhgﬁyl groups.

[IV]

(wherein Ar and n have the same meanings as above).
Formula [I] where -Q- is a vinylene group of formula {If] 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 [V]:

[V]




R may bond to any carbon of the olefin site of the fornmula. T ﬂ.\pplgner
of formula [I11] may be produced through dehal o- pol ycondensati 0a®of'Vd <003
2, 7- di hal 0- 9- oxo- 9- phosphaf | uorene of the followi ng general formula [VI]:
OPRX~~~~X- C'I] (wherein R has the sanme neani ng as above, and X
represents a hal ogen atom. Exanples of the halogen atomfor X in formula
[VI] are chlorine, bromne and iodine atons. The pol ycondensati on
effectively goes on in the presence of.ga. transition netal -based chem cal
substance, especially a |l owval ance transition netal -based chem cal
substance that is active to organi c hal ogen conpounds in a reaction node
general l'y known @S,oxid%%ivq gdditiqn.reathoq The transition netal is
pr ef er abl ¥ “AICHt F et 40d i BC MEaABie PSR HEER AP DE) & oups 8 to 10 of the
Peri odi c Tabl e. Fb?cre ely ﬁh i hcl udes for exanple, iron, ruthenium
cobal t, rhodium I (G [hi élﬂvﬁémﬂd&“uﬁﬁéﬁﬁmﬁpﬁﬁiﬁﬁﬁngéﬁEEW@Wﬂ9“
preferred is nickel. The | owval ence transition netal -based chem cal
subst ance REP-sypaitpisd sl sveloabed, ardiylray itk pve perlealk ylpxgiaralkoxaddi ng
a reducing agent to a higher-val ence transition netal -based chem ca
subst ance A 1¢EyETOURR6 AUG 2003 be directly used in the reaction as it is.
The reduci ng agent includes, for exanple. sodi um borohydridc,
l'ithi umal um ni umlhy @ikt @groupebfithez ppigonadipdubspiduted iatkey] gRoes éoraRl may theea anount
of the transition netal -based chem cal substance to be used is at least 1
equi val enfinear drivearzh@d dikhbiioup poferadlyphosphabinub reh®. mblevgsterablynfiemn it he
reaction is effected in the presence of such a reducing agent, using even a
cat al yti ctaibuwathonfatdthe donpauipdesi@my mdthy] Bthih)e- iontienpedy b} €6é- sether
pol ycondensation may be effected at various tenperatures, but is generally
~effected airt-butygmpeintuse-,§f ekt idionddepoMean n=heQyBRNAhéBOICH-86el erahlly akpt ween
0 and 150C. ° Preferably, the polycondensation is effected in a solvent.
The sol veRtnohiC q§§, for exanple, N, N-dinethylfornman de,
hexanet hyl phosphoryl triam de, toluene, benzene, and tetrahydrofuran. The
amount of the s e i 'Hal n j kS not
specifically de??%ﬁg%%%?Kga?ﬁgﬁggwgsgﬁﬁgﬁ%g?agéﬁﬁﬁggkﬁﬁgﬂﬁgogﬁkéqg?E?erably
bet ween 1 ' st i

ﬁ@&a@ig_hgl: ﬁ{)ﬁﬂ R ﬁs’ h&e Eg)r&gﬁih}giffror%xh%eto lﬂa%}%dgﬁe}to?lﬁ.e Its ex p(%%s

237-dihalg-9-ox phosp at T'uor ene e reac _ reacti-ol _
T e, T BeBanlr LAALSY, HISRAD R GaRAIRIGSIR UsTon cryetalllzac on
ol e o purhl) S8y ERED RBLIER RSl b1 LB o5 BHEP" ©
RRRR bR A GO S
;g(r)\r/rgl) fa [ﬁ/ﬂén‘ét:hyfyn?rlzaBpB@lryin?&ﬁ)tPmeL[lﬁ/sl. Il (wherein Ar has the same nmeani ng as
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_t0 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. lIts



Preferred exanpl es ofthe aryl enebi sboronic acid are 1, 2-phenyl enebi sboronic
26 Aug 2003 8 acid, 1, 3-phenyl enebi sboronic acid) 1,4-p:.eny|é%§bﬁ§60£@gc
acid, 2-nethyl-1,4-phenyl enebi sboronic acid,
2, 5-di et hyl - 1, 4- phenyl enebi sboroni ¢ aci d,
-di net hyl - 1, 4- phenyl enebi sboroni ¢ aci d,
di net hyl - 2, 3- phenyl enebi sboroni ¢ aci d,
5, 6-tetramnet hyl - 1, 4- phenyl enebi sbor®ni ¢ aci d,
i hoxT S i GRENYTENGYT SBr BT S 1Bt dEyclgaiony and cyclododecyiosy
- bi s(1- met hyl hept yl oxy) - 1, 4- phenyl enedi boroni ¢ acid. The anopunt of the
| enebi 819YPbnic acid to be used for the pol ycondensation may fall between
and 2 equival ents referably between 0.7 and 1.2 equivalents relative
to one equivalenU“b?m@%£”Q,%ﬂdphél%3gﬁﬁﬁwﬂgbﬁﬁﬁgpﬁéﬂﬂa&wéﬁe groupédorr Bact ed
with it. The pol ycondensation rapidly goes on at a preferred rate in the
presence pefegapabiatpun tatialnyegt prafemablyusok fowr toppes admpal sackiamplasat al yst
may be enployed, but preferred are | ow val ence conpl exes. Especially
pr ef er r edarabenzdargl, phtnetyhpiyesodnaphthiingethyigangroeps.a tertiary phosphi ne or
tertiary phosphite. Also preferred is an enbodi nent of using a suitable
precursor that rithe beyloeadirbyp cefhvies tagiohsilyosubdttutad laepoxsal @bee enRl ex in
the reaction system Still-also preferred is an enbodi nent that conprises
m xi ng a wefepdbéx hiofromad/ion®, andré ptdfeablylhas Bhbne @arboRashdi tie aampldsi gand
with a tertiary phosphine or phosphite to thereby forma | owval ence
conpl ex havphehosyich dt A-hgpat1o:8f 1yIbey hhdkpyRRPSRIpRE or phosphite in the
~reaction system Various types of tertiary phosphines and tertiary
~ phosphi tes are usef WubfithedtNaok i o CVYarl Ny, -Af
nmet hods. Preferred exanplég g?}t%gﬁgiggﬁg ggfﬁﬁggﬂiﬁn?ﬁgeréggiigggige
tri phenyl i 1 i p | et i ne,
MR aL Yy BAARR M Egesl A LB "

1, 4- bi s(di'phenyl phosphino)but ane, T,

8, o0 o8 s A M R O b
ertiary pRgsRNGS: ol S1alSilis SHRGECb AR COMRNCR 0L et ccombijied wi t

any of the above-nentione rgands”in :
, g: i g?g?ggsl%lg%tggeﬁg gﬁ? ?ﬁtgﬁg%%:ﬂitggt:hg %olﬁ%hclle%gét'ijorrq %Ct teaptrg(’:ess of producing the

di chl oro(1,5-cycl.ooct adi ene) pal | adi 1), palladiunmll)
bishexaf&ﬁ@?ﬁﬁéﬁp§ﬁgﬁﬁﬁﬁﬁﬂé?Q§H@%gag?§ﬁﬁ%ﬁPPP§ bi spent anedi onate. Preferred
exanpl es of pho i ne or_phosphite conpl exes for use herein are ‘
di met hyl bi s(tri %ﬁgﬁmu%géf&ﬁh@ﬁépm%aisg‘tpﬁntuted or unsubstituted arylene group, of

di et hyl bi s(di phenyl met hyl phosphi ne) pal | adi um o

di net hyl M@%}Hit%ﬂ?ﬁq’fﬁnéwpp%s Binng)teal4 gaibem atoms.  Concretely, it includes

di met hyl bi s(tri et hyl phosphi ne) pal | adi um _

(et hyl endybPegtangheny| phaspethite) faihcnxdenmm 2,5-dimethyl-1,4-phenylene,
tetrakis(triphenyl phosphi ne) pal | adi um

bi s(tri cyel-omestiyidxbppervhaiepal | adi um and  2,3,5,6-tetramethyl-1,4-phenylene,

di chl orobi s(tri phenyl phosphi ne) pal | adi um The anount of the pall adi um

conpl ex t¢-teneallyeg-héphbemylémd, | s bet wezA-BhBH0XY- lahghdlaegui val ent and
preferably between 0.0001 and 2 equivalents relative to one equival ent of

t he st ar Rinbis@-medhiyhabod@s0xX0t-phapybmphaddpyor enone. Preferably, the coupling
reaction with the palladiumconplex is prenoted by a base. For it, various
types of inorgahi Gorpfular JHNAG PARES RBY h@op&ediom Nei bpoANplsebstidited | i t hi um
car bonat e, sodi um carbonate, potassium carbonate, |ithium hydroxide, sodium
hydr oxi delkyR@yelssikyinaiy @ asalide grdupt Qkyuﬂocgg&q;? or 8RB @BRIF SroupOt assi um
acetate, magnesi um oxi de, cal cium oxide, barium hydroxide, "trilithium
phosphate, tri spgh wmdRRARRAILR (id i ' P el i de,
cesi um car bonat e, aluniniun1oxidé{&ﬁgﬁﬁ§fjyﬁg%Pﬁ@fg?&?ﬂ?ﬁy?gﬁg%%%agq

N, N, N, Nprdgt LATIRE, o i ropyl-aniing, e« p .~

a1 sopr og Bt ol op et RO SR cyPlohRIPRAN AR for . and also for
2,2,6, 6-at |- pipefidi . idi 26 Aug 2003
%104 i ma T ar R s lEL AR AR SR B B8 ol YT o sy
pot assium tert-butoxide. The anmount of the base to be used falls between 1
and | 00 equival ents, preferably between 2 and 20 equivalents, relative to
one equivalent of the starting 2,7-di hal o-9-oxo-9-phosphaf | uorene. The
reaction may be effected at various tenperatures, but is generally effected
at a tenperature falling between -70 and | 80C, preferably between 0 and
150C. Preferably, the reaction is effected in a solvent. Exanples of the

2
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26 Aug 2003 -12di et hyl bi s(di phenyl net hyl phosphi ne) pa, : adi um 98 AUS 2003
di met hyl bi s(di net hyl phenyl phosphi ne) pal | adi um S
di met hyl 6i s(tri et hyl phosphi ne) pal | adi um

dimethyl [ 1, 1' - bi s(di phenyl phosphi no) f errocene] pal | adi um

di et hyl [ I, 4- bi s(di phenyl phosphi no) but ane] pal | adi um

(et hyl ene) bi s(tri phenyl phosphi ne) pal | adi um

bi s(tri cycl ohexyl phosphi ne) pal | adi um ~~

tetraki s(ttiphenyl. i.ne) pal AT o
di chl or ob.g S“Ed??*.qg?% n{i?f%%%%ﬁ% %gfﬂﬁ)%% %g}QJFﬁps““‘ ely.
di chl oro( ort hophgnant hr ol i ne).pal | adi um L

di chl or o[ et hyl eﬂghela%o— F%@Mﬁ?uﬁeﬁﬁg‘l [SF GHRD apiy containing an alkoxy group
dichlorob'sgtrbphegylgﬁos hi ne).ni ckel . The apount of the transition

met al - bas&t 10 sl 8EN EE 16 Bl tied (theP $RIPONAIPES bt WeERIBEDEO01 and
20 equival ents, preferably between 0.0001 and 2 equivalents relative to one
equi val enPeBPXYRE W hr eREY R hE 00D- 6% B @opresshiat.| wor ésre, Peefdar abl vy,
the reaction is pronoted by a base. For it, various types of inorganic or
‘organi ¢ bggesigpatbenyls ad. isThesoe- elanpirescapatdychbunylc ar frat@rbagli um
carbonat e, potassium carbonate, sodium acetate, potassium acetate,

magnesi uri-bsitdeycatmngi, omctoxiydebonyliane Chyckaytadontlrgratpay | ami ne,
tributylamne, N,N,N ,N -tetranethyl et hyl enedi am ne, diisopropyl am ne,

di i sopr opyl et hy Rdmiaydond icamnl altexydfithe bichiaritaef thb-fomiday| pi peri di ne,
2,2,6,6-tetranet hyl - N-net hyl pi peri dine, pyridine, 4-dinmethylam nopyridine,
and N-net hyl nor el i pelynEhe affoufirmafa t fllﬂ]:paslﬂafo be UsedusmY LBrdugk
excessive over the reactants, but generally falls between 1 and 10

- equi val enfeBaloffodf@badisytidieionesn, Zdaath-20xeguinsabiemtsrene! &t e diwihe
starting 2, 7-di hal o-9- oxo-9- phosphafl uorene.” The anount of the olefin to be
used for ghaht fgul®i:eaction is not specifically defined, but, in
general, 1t is preferably at least 0.5 equivalents, nore preferably from
26 Aug 2003 -130.95~ to 200 equi valgntgrel ative to

2, 7- di hal o- 9- oxo- 9- phosphaf | uoene fdﬁjTeaIizing a hi gher degree of

pol yrmeri zati on. Wen the ol efin j-s-gasec at roomtenperature; its
pressure shall be determ ned™d heXsol ubi lity and the reactivity
of the gaseous olefin, but in ge ;) py fall betm?gﬁ 0.1 and 100

at nospheres, preferably between 0.5 and I0 at nospheres. | The reaction may
be effec %H@%t;¥%ég us tegﬁerature but. i.s &gnerall effected at a

t enper at UF 6o A TRy TESFRE BIF LS 23 A% EatRd X SrRFEA RApERASR) 0 and 150C.
Preferably, the_reaction_.s effected n _a.sql vent. Exanples of_ the solvent
are N,N—dinethyﬁf%?ﬁﬁ X g¥3h%?%ﬁb?%?ﬁ%ﬁ&gb%g?§mﬂ%iygﬁﬁﬁé?k¥9ﬁeW@Fn?%luene,
benzene, tetrahydrofuran, and dibutyl ether. For prompting the

pol ycond 8RS U #9Phe anount of the solvent to be used is not specifically
defined, but generally falls between 0.1 and 100 nL, preferably between 0.3
.and 10 nL rel at ¥ Pelycangerpptions chiprdivelyageqsngn in the presence of a transition

2, 7-di hal 0- 9- oxo- 9- phosphaf | uorene. Wen the base used herein is |iquid,
its ampufictaidpsesle chempicak cabgincs, oveecitlie a dawtvatause swartshiann trivealehases s

| iquid base may serve as a solvent for the reaction. This is al so another
pr ef er r edhamivddiubsiancothat he attrvgetot Pxganic Afadeentdoenpoeadt ima, resdtienreaddt i on

m xture may be post-treated through per-se known extrusion crystallization,
filtrati gmeorllyweshvmgs wkidhtivatdditiomnehctibie r'Bactrimfitiqu odtat s payerbielyreadi | y

i solated and purified through reprecipitation or the like. The starting
conpound]attgr-Ferihdhmhiaitbnoxetad o p Gosplses a1 o@ne teopaeimd Tuble! heopie@ucti on

nmet hod of the invention is obtained by hal ogenating a

9- ox0- 9- phbslphafdrugauaple, R6n, trhgehiokl, @¥WbN0 reRREH ai'ridlﬁ&ﬁ,rﬁ}i&@el,[ﬁaﬁladiuﬁi’\ﬂﬁf ein R

2

has the same neani ng as above), with a hal ogen nol ecul e. 26 Aug 2003

- 14For  t fietif@Act EgfbcidlyeheaRlyisusRlell S T BGHALn &M Al nREAT.08 OF

i odi ne.
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



The anobunt of the hal ogen nol ecule to be used nust be at least 2,. ,,, .
equi val ents relative to the 9-oxo-9-phosphafl uorene of fornula [4X*-hutll3
may be excess over it. The reaction effectively goes on in the presence of
a Lewis acid catalyst. The Lewis acid catal yst nay be any one generally
used in aromatic electrophilic substitution. Concretely, it includes, for
exanpl e, alum niumchloride, alum nium bromde, iron chloride, and anti nony
chloride. Metals that are the precursot’s for them may al so be used,

i ncl udi ng EQF\EXaUBLe11UELQL aLuniniun}anq metal iron. The amount of the
catalyst PDYBEUsE iy "bécutiol dast ionel gl Yl et teldfive P01 M®!St arti ng
9-oxo-9-pg§ﬁ§h$flﬂore e_.of fornula.[légd but nmay be a catal ytic anmpunt

t her eof fHAER PPEIELTIG UM ImyE heiidei Balahapcraddpieered Riefsrablyous
tenperatures, but is generally effected at a tenperature falling between
-70 and | S0 PwEPE tibirgnshetwestl Gaspdachesoal sMbstasieviente neey bett egsd lin t he
reaction. However, when the starting 9-oxo-9-phosphafluorene is solid, it
may be di epovajksd ¢ Heal, &0ibadnt-oxpdék-phdsphafblovext , Hooevex avhph ele pacierised are
hal ogenohydr ocar bons; carboxylic acids such as acetic acid; carbon

di sul fi degffentd iartbmptesance iof suciceo rplavings:geoic hsiag enér n ebmhziernemoufihef theoduct
may be readily isolated and purified in any ordi nary manner, for exanple,

t hr ough reenpeshdilayzéthindhe drtereled obtogr aphy.

2, 7- Di hal 0- 9- oxo- 9- phosphaf | uorene conmpounds of fornula [VI] are novel
conpounds, not dihgcheig€shdensaiby tial Ebatdffetied ThE vRAbYITREMPEratul®, ibay €Wt i ONn
can be fornmed into thin filnms in any sinple working techni que of, for

exanpl e, %@bﬁll?@ﬁ%ét&gaw tefdeiatle falane betveks - Hp&idul 8086, ?refe?éﬂ??ﬁ&%e@f)
organic thin-filmelectrochrom c el enents and organi ¢ 1um nescent el enents.
26 Aug 2003 rsb&fhe invention is described nore concretely with reference to
the foll owi ng Exanpl es, which, however, are not intended to restrict the

scope of the inyantipeg. Wﬁg&%&m Ss léffec%e'a_ er%]i tsélggrg.n ﬁhg?ﬁﬁb&ﬁe’

0.336 g (1.2 muol s) of bis(1, ooct adi ene) ni c

I, 5-cycl i epe, L -8, al-di vl 484 g (1.0
mol ) of qg&ﬁ; i b@gng-aé&[%g’ngﬁ %d%}( o-@fogﬁggl fpl) ‘af ﬁﬁ%ﬁ%lkg%p?%ﬁgu%ghf%’] wher e
Ris n-n | gr n ' i ne re_added 20 nL o .
RN A R ey g S T
reaction mxture was poured.into 100 0 : i |l ut.ed hydrochl oric acid,
and the r% eﬁ{"ﬁ %@%@é‘a‘*’w&%m} LicBet %ﬂf?;ﬁtcﬁlﬁ%g@ﬁn% E‘Et_r ’léil? @ﬁ?&%%%ﬁt&ﬁﬂ%r was
washed with 5 f water, -then disso din5. nm of chloroform and

r epr eci piﬂfg%% 1Pl ol PRy BECTRaRG: 420 ek SS9 hrEmgl 9bHFRENB1 Mol s
in ternms Q h nonmer, unit) of a polymer having repeating units of a
9-nony|-é2%Q%@§f'HH@BH%EWRhﬁ&%%@D%,7-diy| group (of formula [I11] where Ris
nonyl group). Thus obtained, the polyner is a novel conpound not disclosed
in any |iteratuféer 8 eartanedhe Frastigh nysturg arayebs posi-tsatedntirayghaiske ( GPC
met hod), its nunber-average nol ecul ar wei ght was 3980 and its ‘

wei ght - avapageexisioautastalishiin fitrsti®025. washingNviths patrr and die acastion

el ementary anal ysis data are nentioned bel ow.

~H NVR( CDe it 188y B3 (@il h iso)ated @@l(purifiedtimosih fepsfsitdtion oy fhe. 1ke.
(2H,brs),2.17(2H,brs), 7.87(4H, brs),8.09(2H, brs). '~P-NVMR(CDClI 3): b43.7.

El enentary Anal ¥b¢ spol@akcudfatieonas VG Iiday G ZhredB@dOibzPidiBolving tRe b ei
i.:~J~~JC 76.17;, H 7.63; far, 2 Ad. Found: C, 75.93; H, 7.88; Br,
2.22. 2,7-dihalo-9-oxo0-9-phosphafluorene of formula [VI] in a solvent followed by

polycondensing it with an arylenebisboronic acid of the following general formula
[VII}:

(HO);B-Ar-B(OH), [VII}
(wherein Ar has the same meaning as above).

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



Exanple 2: -16 In the same manner as in Exanple |, obtained was O? 8521)§ 2003
(0.81 mols in terns of the nononer unit) of a polynmer having repeating
units of a 9-(2-octyl)-9-o0xo0-9-phosphafl uorene-2,7-diyl group (of formula
[111] where Ris 2-octyl group), for which, however, used was 0.470 g (1.0
mol ) of 2, 7-di brono-9-(2-octyl)-9-0xo0-9-phosphaf!| uoene (of formula [VI]
where Ris 2-octyl group and X is bromne) in place of

2, 7- di br onp- 9- nonyl - 9- oxo- 9- phosphaf | uegne in Exanple 1. Thus obtai ned, the
pol ymer i ?urlﬁ novelI -%9%2%1%9159 1tomc(i:| scl Oar%rgc?hlog %&ie'n%rlg{lﬁﬁggo??ifgal CH&ét ed

t hrough gél per meat i on romat ography

nunber - aver a | ecul ar i ght .. was. 33 nd_,i wei ght - aver age nol.ecul ar
wei ght vvag'lﬁ%giél.@’ﬁp eﬂﬁﬁgﬁgﬁhgﬁof’&l qﬁiﬂ:j aégﬁ(%”@f}byﬁﬁinq't'%lF%yLeﬁg?lgkéolrgmﬁaf%{g’are
nment i oned_hel.ow, . . . R ) .

Tt NVRL R 3 S8 (v pebistoapbatis ) ety Ry v s g 02( 1 1
brs), 2.34(IH brs),7.85(4H, brs), 8. 05(2H, brs). 3~P-NWVR(CDC13): 850. 2.

El ement ar §-3Anatspemsthytd - phepy Eachisbgionic10 (CzooHz3WPi 0Br): C, 753%%; H,
7.3l; Br, 2.51. Found: C, 75.23; H, 7.45; Br, 2.54. Exanple 3;_In the sane
nma~ner asZirdimethepld.4phepieachistpropis ©id02g-¢ibeadoxmbftPhpmylensbpbowpia he
nononmer unit) of a polynmer having repeating units of a 2 i~ ~~!ta 203

-i 79- pr opgdid Sandyes-bisphostitytteptideend.Ppieryisnediporamic 4ad- formula [I11] where
| is n-propyl group), for which, however, used was 0.200 g (0.50 mmol) of
2, 7- di br ono- 9- prBpydm@mnd b e-aoylesgrhdilaoe add t@be figadnfol the[péijcondmsdiR | s
n-propyl group and X is bromne) in place of

-2, 7- di br omay Yalh drivvecd- 0% andl- D hguiphlahisy peiigably tevaeql @.7] gndahd aguedienes e

- 0.168 g (0.50 mml) of bis(1,5-cyclooctadiene)nickel, 0.1 nL of

- 1. 5- cycl ontdtaditenae cfuitflontpf(the 84 -difmlb)9-6fo-8,phosphiaflvdreay to Betkadidd mtithof

N, N- di net hyl f or mram de. Thus obtai ned, the polyner is a novel conpound not
di scl osedjtin any literature. Its IR spectronetry confirmed that the polyner
is a hydrate. The nunber-average nol ecul ar wei ght of the polyner cal cul ated

through el ement arpe @R hakSai@S rapidt) coddien MVIRpRAGSLT Blte Rahe pAREhRIgment ary
anal ysis data of the polyner are nentioned beFow.

H NNR(8 C%lﬁhu@&' c@él@@*btv avik gélé@%})g Hg%% }’pgl-la(%ﬁ&ﬁ%'éa@[}%) n%yjkﬁ(egﬁlgfécg% bt 74(4H,

brs), (2H, brs - NVR 5. Elenentary Analysis: cul at ed

as n = 129&%9%1%&1&1%@60%@@%: 9]%§spe.|6'iallg"r ér%g%ﬁgggr?éz-galfgﬁsﬁg‘gbleﬁs 5. 72.

Exanpl e a nitrogen atnosphere, a m xt nmol ) of

tetraki s(trip | phesphine) pal | adi u .. 0.48 1. .

207" ai br ot G R A8 LD B o s B e AT WRFeRL g 8 1

n- nonyl group,.and is brom.neg), 0. 367 (1.0 mmuol. of .

5. 5201 hexgRBRy TSt ST g PoTuaRb PSS ArtmEs s BRGY PorsEed due Mebfosphat o
and 10 nmL, of N, N-di malih | f or mani de was heat ed 2 f p.l; a?20~-is~, ~
12~C. andO%Y3PRsg PBWP e&%n achom SYNE™: enperat ure. The reaction mixture was
pourc<l into 100 nL of water, and the resulting powder was taken out
through filtratiSH alfperdewebs dnsmadimsat Hat FOBOTHES BIXihf<mRlFeR!
~dissolved in 5 nL of chloroform and reprecipitated in |00 nL of_ nethanol

t o t her ebiRViRgoPalcEImY 49sun o8 Phasrilie 5 at beand witht & deriiaiyoRRISPIIRR; §) of a
pol ynmer having in the backbone a 9-nonyl - 9- oxo- 9- phosphaf | uor ene- 2, 7- di yl
group andehespiig: #i Hesaplyoeymia pvpHalayteeprmplen isvingf suchradigand[-¢hg teHae R i s
nonyl group and Ar is 2,5-di hexyl oxy-1, 4-phenyl ene group). Thus obtai ned,

t he pol yn#ospling onghesphtte ipdhmdantben dyssohos¥dripws apys bf tastiany hespldagscul at ed
t hrough gel perneation chromat ography method (GPC nethod), its -
nunber - avadagetiarp| @ouphdtes wee gisefubder 10 0i@amh abfi gewdwpitegivy- avenngd thedeecul ar
wei ght was 22000. Cal cul ated through el enmentary analysis, its nmean

nol ecul armethodht was 8290. Its NWR spectral data and el enentary anal ysis
data are nentioned bel ow

" H NVR( CDC13) : b@r&efréd, dxasiplel. Sfl (HSHidans ) fot . wsd( i Hhdrsctibn 7@k 2tighesyl, 4. 02( 4
H brs), 7.10(2H mM,7.84-7.87(2H m,7.83-7.93(2H,n), 8. 09(2H, d, J=9. 3Hz) .

31P- NIVR(%EGE ind/B. 9. diEhenBRkakY Anaihsspisine,Cal cyhatyednasyn= 13phosphine,
(CSz8H~14040P148Br 2) : % I%.45; H, Zé.68f;J Br, | 83. Found: C, 76.61; H, 8.83;

Br, 2.20.1 kxaq@bReripHofpiliR®ba@ne manner as i n3hxqaphsyiphRphiabpesanes 0. 460
g (0.89 mmols in térnms of the nononer unit) of a polyrer having i'n the
backbone a 9- oxo-9- phosphor-9-propyl fl uorene-2, 7-diyl group and a

2, 5-di hexyl oxy-1, 4- phenyl ene ~~roup (of forrmula [IV] where R is propyl
group and Ar is 2,5-di hexyl oxy-1, 4-phenyl ene Uroup), for which, however,
used was 0.400 g (LO mml) of 2 ti ALIT ?7p9 -19

2, 7- di br onb- 9- oxo- 9- phosphor - 9- propyl tl uorene (of fornmula [VI] where Ris
n-propyl group and X is bromne) in place of

~ o o ~ —y I T Y 1 M I -



Elem-'e' ~n'tYary Analysis: Calculated as n = 14 (CQ-~H58~043P~SBY 2) Al/G, 2003
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 mmol in terns
of the- nononer unit) of a polymer 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 ch, however, used was 0.166 g (1.0 +8wl) of 1, 4-phenyl enedi boronic acid
in place of. 2 5-dih | oxy-1.4-phenyl.enedi boroni.c. acid, . Th i.ned, the
ol yrer 1 S sl B T PR R RIS PR D R BIET

t hr ough C nmet hod,. .t he,.nu r-avera l.ecul ar. wei ght . of the .

TIPSl HBPEEET B Koyt adromnig: dnariat A%t S8 isyshe

wei ~~ht - aver age nol ecul <u- wei ~~ht t.hereof s,2380. Cal gyl ated. t hr.ough

ol erent ar TERAFORbIGer e ARRCE Ut @ﬁtaba‘feﬂmﬁ%“%ﬁU%Pgwgﬂﬂ%go. The
NVR spectral data and el enentary anakysis data of the polyner are nentioned
bel ow. but not limited to, bis(dibenzylideneacetone)palladium, ‘palladium acetate,
1H—NNF«CIXJ§?:80.83(3I;L,brs)“1.20(10H,b(s),1.61(2H,brs.,2.15(2H,brs),7.47(
2H, ), 7. éshiprabr(benzapitdlempliagive . 31p- <dichlamy L f-cydoestadipneppabiagiyn(lhal ysi s:
Calculated as n = 9 (Czy, Hz86010PloBrz): C, 77.55; H, 7.05; Br, 3.91.

Found: C,patlad@m(Il}y, bishegaflRropcdra@gdiomxanphml 7paltddan(®) g Kicpedkoednmity. of

pal | adi um acetate, 0.006l g (0.020 mmol) of tri-o-tolyl phosphine, 0.43 nL
of tri - n-Pufortedmenanples 285 phoshib® omgihpsplfite complexes for use herein are

2, 7-di brono- 9- (2-octyl ) - 9- oxo- 9- phosphaf | uorene (of fornmula [VI] where Ris
2-octyl gdieehydlis(teipheaylphosphire)paiadivih,5 mk of N, N-di net hyl f or mam de were
put into a glass reactor. The reaction systemwas connected to a

nor mal - pr disftyébisldipteayimetiadsiosphinyypalladiiah it was charged with ethyl ene.
Then, the glass reactor was dipped in an oil bath at 125C and its contents
wer e stirdiggiymsteihediiphely it sPaHE pallai@n) €action m xture was poured into
100 nL of 0.5 ngﬁlute%phyawgg%?grf% acid, and the resulting powder was
taken _OUtdﬁﬂ%&ﬁ'Wgﬁétirrilﬁﬁédpﬁﬂle)pﬁhﬁdiﬁﬂ‘,"d‘?éth %)H@&Hﬁlﬁbn‘ﬂﬁﬁsﬁ@n alRfliungt er,

t hen dissolved in 5 of "chloroform and reprecipitated in 00 nL of

di et hyl %ﬂa&?(}ﬁ%ﬁeﬂg@g%&iﬁ%ﬁmﬁ,07%is@ﬂqfcggggeﬁm?ﬂosﬁtﬁné)ﬁ&lmhﬁﬁ, t hgdmonormer

unit) of a po eating units

9- (2- oct yA: k195 - . 7-diyl group and a vinyl ene group (of
formula | ]ﬂ§ﬁ§%§ﬁ§&§23@?§§%@#ﬁgggﬁp . Thus obtained, the polyner is a
novel conpound t disclosed | ny literature, | gul t hr el

> (tkePloif SR8 o AR charbBHh i Gecd e AR ol 0o

per neat i on ~ ogr er-average
nmol ecul ar Lght of the po r s 15 d t.he wei ght-average. nol ecul ar
wei ght t haéﬂ\gggQ W&V%&%.Ige%%ﬁ\%%ﬁ%‘cﬁ :bgﬁpﬂpaga%l‘%ﬁ]eé%ﬁ? 86% al¥si s
data of the. pol r are.nmentigoned bel ow.
~H NIVR( cﬂ@“é@?‘?@éggﬁ?f’éﬁf"b‘?gsél?ﬂ%@&'@ﬁxﬁr%ﬂ}%Pbﬁfb&ﬁffﬁPg-) ,1.47(1 H brs), 1. 86(1 FI
,brs), 2.28( 1 H brs),6.94-8.46(8H, n). 3~P-NVR(CDC13):850.4. Elenentary
Anal ysis: Cal culPatferPlys the @”Qlltﬁ&:’?@ﬁilf’ﬁg‘@ﬁﬁbBPQ‘§%dl@ copplpx. 1s Promgotga by Found:
C, 72.15; H, 7.27. Exanple 8: In the sane manner as in Exanple 7, obtained
was 0. 112 §aseo. For fhoYarions ttapessolofnorganiey R oHinig hiases BRY b sfsfrerliilvi ng
repeating units of a 9-propyl - 9- oxo-9-phosphaf | uorene-2, 7-diyl group and a
vi nyl ene ewales( ot figrwm aargwatvmg@@um Farbangse.o pylasysu pirbonase, 3%%111@11,
however, used was 0.200 g (0.50 mmol) of
2, 7- di br dwdraxigs;, gyoyiung -hydexgdep tosgshiafd bydwnile( dithifupr pxide, fodifmwinstae.R i s
n- propyl group and X is bromne) in place of _
2, 7- di br qutasSu(2-aogtily) yn@nosiom9epides phiafuiarxédee baniufx pptoxide, thihithsum
obt ai ned, the polymer is a novel conpound not disclosed in any literature.
lts | R alphosghiateo meisogiumomhbspiiat, tthiabtakdiempphosphite) seduiny diuatide, Cadiwul at ed
t hrough el enentary anal ysis, the nunber-average nol ecul ar wei ght of the
pol ymer waghoddi¢0. TheallNWRispect r abxdal a andriglceiiahiacy analnisthslagdha of the
pol ymer are nentioned bel ow.

N,N,N',N'-tetramethylethylenediamine,  diisopropytamine,  diisopropylethylamine,

N-methylpiperidine, 2,2,6,6-tetramethyi-N-methylpiperidine, pyridine,



~H— NVR( CDC13) : 80. 99(3I -1, brs), 1. 35(2H, brs), 1. 76(2H, brs), 2. 14( 2H, M7, 7.83¢2 53
,'S), 2 0 ~~0 ?003 -22 7.43-8.04(6H nm. '~P-NVR(CDCl 3): b43.6. E enent arﬁp-

Anal ysis: Calculated as n=7 (C, 3,,H,;~0 ~PABrz): C, 66.84; H 5.6l .

Found: C, 66.96; H, 6.05. Exanple 9: In the same manner as in Exampl e 7,

obtained was 0.114 g (0.40 nmml in terns of the nononer unit) of a polyner

havi ng repeating units of a 9-propyl -9-o0xo-9-phosphafl uorene-2, 7-diyl group

and a vinyl ene group (of fornula [V~ wheére R is n-propyl group), for which,

however, 4gefea p?ﬂ@lden RLaseyRiorhhdbdi nelhyl f anpmak desin Exaaphe 8.
Thus obt ai ned, the polymer is a novel corrpound not di scl’osed |n any

i terat urgy dbsqbR %ﬂ&un%?w a‘%Q'&Tbé (R miﬁ)t&% PAY IR e a@va@ -Alydrate.

Cal cul ated t hrough el enentary ana ysi s, er - aver age ecul ar wei ght

of the p IXfé?a(bly\Bo%t\;c?egOZ %Q?%‘%ﬁ&%cﬁg ?e!latn%t% gr?ed ec?dl%ﬂe Irllttgfr Hhe? sﬂam%SI s data

of the ynmer -are nentione
| H NVR( C%;é 98 rs 37(2H brs),1.97(2H, brs), 2. 14(2H n), 7. 20( 2H, s)
, 7.57-8. ?%I'_a‘ X%%EPW% ©- 843. 4 EI enentary Anal ysis: Cal cul ated as

n:tO(C,$SH,85 ZP ~Br z) %?%géé 72. Found: C, 68.04; H, 6.12.
Exarrpl e 10 ] ef@-%tm% %Vﬂ%ﬁﬁﬁ%% D ds ermawdlyiebiested xt ur e
.58 g ( 9- 0x0- 9- phospha- 9 pyl fl uorene (of fornmula [IX]
vvhere R |5§ar1i¢IBPfi5 %‘F e gHewhetae - 6022191§0°(<§p ergbiy| betvedeniGrand 158Wder within a

period of 30 mnutes, and stirred under heat at 65C for 24 hours. The
reaction mi xt ur &Erelerebly, decreastion isctiested if 2 velvent, Ematuples obsiersabyeeidrai t h 500
mL of chloroform The resulting chl oroformextract was washed with 200 nL
of sat ur df.tdisastiiformangdoul f Aexameridphosphirs! wasiachideed wiltdneaghasenm

sul fat e anhydri de, and concentrated, and the resulting solid was

* r ecr yst alchiarefmrhy datraivﬂhﬁmmh ol tvmereb)Foir sobabeng 1B mlcbbddsammi, )thef

2, 7- di br ono- 9- oxo- 9- phospha- 9- propyl fl uorene (of fornmula [VI] where Ris

n- propyl agromnpdf thEusenbibdicnadd it g spesificiliydiehasd, duc pberdiBshilt dbwlear
crystal, and is a novel conpound not disclosed in any literature. Its IR

and NWVR gpeaid ab0 aalt, gprefepdtly Btveh Nt aang) ellereRtias o anahySbstdakatias e
nmenti oned bel ow.

| R( KBr).zgﬁ@haloz%,a@@'ﬁ@,zgha@,u@&@ 0,1394. 3, 1174. 4, 1072. 2, 817. 7crri ' .
~H- NVR(CDCI 3) : 81. 00(3H, t, J=7. 3Hz) , 1. 50- 1. 59(2H, ), 2. 04-2. 14(2H ), 7.61

2H dd. J=I .9 8 7. N
(3C- NIVR( CDC13) : ’SA%{E?EE% e?é%r??hﬁ?ea%g@g%%ﬁﬁa begééé&gm'(e 5269 thj)egls—g)

122. 8(d, §ndfdn ledtdioh2 %Eml@%% W@ilg%ﬁNW%%C%@?%ﬁ%}, 25&?” ﬂ%,( ?ea%ﬁ&? akz)

136. 3(d, J=I . 9Hz), 139. 0(d

12%2280 22Br6Hrot 1 BE a1 1<00ALY M Fpuc Rl o oA hatibh 3PEBKe. © 45040 H

The polymer of formula [V] may be produced through polycondensation,
known as Heck reaction, of the 2,7-dihalo-9-0x0-9-phosphafluorene of formula [VI]

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

| A
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



Found: C, 45.08; H 3.10. Exanple | I: 26 ;."-116 203 -24 In the sane
manner as in Exanple 9, obtained was i.63 g (11.6 mol ) of 25 AUS 2003
2, 7- di br onp- 9- nonyl - 9- oxo- 9- phosphaf | uoene (of formula [VI] where Ris

nonyl groups), for which, however, used was 7.93 ~ (24.3 mol ) of

9- nonyl - 9- oxo- 9- phosphaf |l uorene (of formula [IX] where R is nonyl groups)
in place of 9-o0xo0-9-phospha-9-propyl fluorene in Exanple 10. Thus obt ai ned,

t he compound was- a col orless acicular_gfystal, and is a novel conpound not
disclosed in any literature. Its IR and. NVR spectral data, | tin oi nt
and el eneﬁ\flasltzgpcéar,'aﬁpgflg Haﬁ searxgclH(élﬁgi BFTEIHJ A OW}[Teﬁmm. al hem?ow-valgmpc

| R(1 CBr):2952.5,2921. 6, 2850. 7, 1454.1,1394. 3,1176. 4, 1089. 6, 821. Scrri ~.

| H NIVR( CDERaY igip Mist(-Dpped, epicalpybsiansgs forpuse| hepgipgmay. bgpeevipnpls ppregared
1.47-1.53(2H, M, 2.03-2.13(2H,m, 7. 61 _ _ _

(2H, dd, J=21¢: 8 Apyagt)from foplseprsdeimedos engharembodpnept(of Msigd a putatde prepppgr

t 3C_NVR(CDA 3):bl14.1,21.9(d, J=18. 9Hz), 22. 6, 28. 9, 29. 2, 29. 3, 30. 0(d, J=69. 8Hz) ,
30. 8(d, J=t& gf, BEingrepdgy 8@1@{@&4(‘)(1@ a low-valence transition metal-based chemical

Hz), 123. 7(d, J=13. 6Hz), 132. 4(d, J=10. 3Hz),

134. 0( d, Js@8tadkiz )n 186edtidn Systei@Hz Thd 3and(ich dreld-hStdzl)cheBridal BNMR(DDS1Bt 542. 5.
mp.: 95.0-96.0C. Elenentary Analysis: Calculated as Cz, HZ50PBr2: C, 52.09;
H, 5.20 Fetended@ th2inkentidd, inbarylerhbatiplest dRusihg theheresivns yaepaesd age dm
Exanpl e 10, obtained was 5.35 g (11.4 nmol) of

2, 7- di br ot#nga (pZecassoy b the-coxpolndiresfoh akamipleNamptd substanizdsdf [méidl sudtedse R i's
2-octyl group), for which, however, used was 7.59 g (24.3 nmol) of 2 ~~ ~
1" "~ 200mheta? poRdér? needly bamrifd 0¥ Qc@vabDsiiatal upiRNekel @hd ketalddles drlnfetamher e R
is 2-octyl ~~roup) in place of 9-o0xo-9-phospha-9-propylfluorene in Exanple
10. Thus ghhigieR@dwith RRIGRAPRAUE INARI. 8 1G8fAEH 8SSusd Hefdth Afe dé%féxeé widhd is a
novel conpound not disclosed in any literature. Its IR and NVR spectral

data, mel fiing &q&ﬂﬁar@lg)g@hﬁé@ RRAY @B?Mﬁ%& St s BAqE L OARAs, R LAY

| RCKBr) : 2950. 6, 2925. 4.1,145072,1392.4,1172.5,;1085. 7, 821. Scrri ~.

2o anr U ng ot porgfun e lh™ud 4P ) niduld 6T ).
230 il e 5 gt el Bauck A6 bt By HoRod b 3208015 507y °)
55,6 dd. 920, 7 HRER) SRR DhdPeighg it BT 358 RacBn i) wipheny

& orp soparmitines s igbertifiedbs ohaghis. cheatiguti, “BRet ez ireaD 11 fhe

same manner as. in Exanple 1, obtained was 0.229 g.(0.74 mm]_ in terns of
t he mnorﬁrosahﬁn?,) 6f4'§g§5‘&f?*ﬂ?ﬁiélﬂ’h?§é’\l?}1}ﬁ’ébq1@t?eat 1s%@)lﬁ%ﬂipggnﬂph%hmomropm@
9- (3-ethyl hexyl ) - 9- oxo- 9- phosphaf | uorene-2, 7-di yl group (of formula [111]
where R i5!'3usdmpendrhosphedsiocans, wmeteyl hahespbitc, udwphepgs ohespbitg (1.0
mol ) of 2,7-di brono-9-(3-ethyl hexyl)-9-oxo-9-phosphaf| uoene (of fornula
[VI] wher@&nrthyd phemylphosphongupodigethyt msjfiniphogbhigesu sthatkene- RB-bioxazobpeni ne)
i'n place of 2,7-di bronp-9-nonyl - 9- oxo-9-phosphat 7uoene in Exanple 1. Thus
obt ai ned, diphenyjrdlogprenoethglonarpdine quymdoend, | hdipydilslc hukethdphesanghrblineer at ur e.
Cal cul ated t hrough gel perneation chromatography nethod (GPC nethod), its
nunber - aver age rtfeced aramplieg)lof thvasradbBeh arethlidosapeendghtvhahes agal mottecul ar
wei ght was 6250. Its NVR spectral data are mentioned bel ow
| H NVR( ChEt8itionCas AojrbtHobslgjprdpa’tl ¢rbbhbinsthe Tord3 68 s preajrsbr, Gi¢lidde, but are
H, brs), 2. 16(2H, brs), 7.85(4H brs), 8.10(2H, brs).

not limited to, palladium powder, activated charcoal-carried palladium,

bis(dibenzylideneacetone)palladium,  palladium  chloride, palladium acetate,
dichlorobis(benzonitrile)palladium, dichloro(1,5-cyclooctadiene)palladinm(II),
palladium(Il} bishexafluoropentanedionate, palladium(II) bispentanedionate,

dimethylbis(triphenylphosphine)palladium,



3i P-NMR(CDC13) : 844.1. Exanple 14 (reaction with catal ytic anmount f@
salt/zine): In a nitrogen atnosphere, 0.0016 g (0.0125 mmol) of n k*T” 2003
chl oride, 0.0020 g (0.00125 mml) of a,a' -dipyridyl, 0.003l g (0.50 mmuol)
of zinc powder, and 0.00627 g (0.125 mmol) of

2, 7-di br ono- 9- nonyl - 9- oxo- 9- phosphaf | uorene (of fornmula [VI] where Ris
nonyl group and X is brom ne) were dissolved in N, N-dinethylformamde, to
whi ch was added 1.6 pL (0.0125 nnDI) ofizhl orotrinethylsilane, and stirred
under heat,. a action m xture was poured into 20 niL

of 0.5 di lent]eW]ﬁiglrlBI&LﬁP’é?etEﬁ ]éosﬁhmﬁﬁ?él the'"resul ti ng powder was taken out

through filtr 0 The po wa d wth 10 nL of water, then
di ssol ved 9|t %th(CB‘FIe@Pﬂp@F’\g‘fq Qﬁ@aﬁaﬁilgbi pitated in 10 nL of methanol to
t hereby obtain 33 pgl in ternms of the nononmer unit) of a polyner
havi ng reSE’é‘ithHBISUHFtth§1PBPS 1@)%1,49111119 0x0- 9- phosphaf | uor ene- 2, 7- di yl

skel et on |(E]of formula [I111] where Ris nonﬁ)@ group). Cal cul at ed t hrough GPC
met hod, t Hengibivtble} -tastdirheryIphsiselinp Herogsnglvellediuhe pol yner was 2730 and the
wei ght - aver age nol ecul ar wei ght thereof was 3720. 2 6 ~11;; 2D03 -z7
Lsanpt e 1dimethyl[khbisdipkenyipioephiegbitangipaligsliemd; obt ai ned was 0. 264 g (0. 47
nnnol in terns of the nmononmer unit) of a polyner having in the backbone a
9- ( 2- oct y[Sth¥ermybois@r pivagiphasghireypried Y - di yétramstunphemdplzosphine)paliadium,

2, 5-di hexyl oxy-1, 4- phenyl ene group (of formula [IV] where Ris 2-octyl
group andbiiftricscl@exyhhheptydedpaltadivds, phe nydiemerapi sGuiphenyfiphosphine)palldiowey er |,
used was 0.235 g (0.50 mmol ) of

2, 7- di br otizhRr4(@rthephehdntBrotin Oyt ptiosp dadhl arofeetngercol, 2 obsoratoting phlladidrey e R i s
2-octyl group and X is bromne) in place of 2,7-dibrono-9-nonyl -9-o0xo-g

phosphaf uef éogiokdbistkmehEpkosphind)nicked were 0.0058 g (0.0050 nmol ) of
tetraki s(tri phenyl phosphi ne) pal | adium 0.184 g (0.50 mmol ) of

2, 5- di hexyl oxy- ITifl- RR@OX 8nekti RAhaRHE Iﬁahﬁbaséd Qhemphl stbdaicassi kmuphipsphat e
and 5 mL of N, N- di et hyl f or mam de. Thus obtai ned, the polynmer is a novel

conpound potiydige! t%%&@lerf 0,080/ bhd %aégﬁ%lel%l' ﬁ%ke%tﬁpl Hell Quah o6 C ap@tznod,

t he nunber-average nol ecul ar wei ght t he pol yner was 19400 and t he

wel ght - averAgRAMID! eoylap el dih theseol weagagRo. Caoul aged thy

el enentary anar ysi s e mean nol ecul'ar werght of the polynmer was 13400.

The NMWR 55%4585-99&%0@9-%9@%1@%9& ary anal ysis data of the poI ynmer are

menti oned™

él: ErNSR § C?C%g% 7&%{%2 {‘%)H gt%x%)feact%%( %Hp%%io‘][ec? by’ zil' E%)ase2 H@or it, va(rlous types of

), 3 ke gy bt bR 1 i St flebe L Bty éﬂ. "

~4 06~Pz3Br €$ C, 76.84; I—%OS 63; Br, 1.20. Found: C,  76.38; H, EB%S
1.20.  2cabongle, notasygm cap r@ieaﬁﬁ@@nwetatﬁ RS UEHACHHFmBPLAES I, OS¢

10, obtained was | 1.7 g (24.8 mmol) of

2, 7-di br o‘??éﬁlgm(3 et Wyiidsexyl ) tgn@ﬁb’l@mﬁﬁosphalt“?thb]éﬂ’é“q of f ol tRYBAIPVE) wher e
R is 3-ethyl hex group), for which, however, used was 12.5 (40 0 mmol )
of - 9-(3NE¥:hy h&tvm@l%hﬂe@dpmm@s,haf fisgsperry lqpene.f or $HACRIJPY hyj#raie R i s
3- et hyl hexyl) ace of 9-oxo phospha- 9- propyl fl uorene in Exanple 10.
Thus obt adlnﬂdohqug'n@byﬂpmm@dl\wmthalmm' ihe 252, @61 tettdmgthylry gnethylpiedding, a
novel conpound not disclosed in any literature. Its IR and NMF spectral

dat a, el pyrngng didimethythnabepweitia, ynd hagdiybndphalizg. e Treranmomed! thelbow.

| R(CKBr): 2958. 3, 2923. 6, 2856. 1, 1 442. 4, 1390. 4, 1184. 1, 1085. 7, 817. 7crri ~.

1H NVR( COGl 12) ud: ia® Bl fir, chedssibtdzy@r 8B4 Bddctanths BuCkmerally1f2H4 betfedhl, Ingnd
1.28-1.32(2H, m, 1.37-1.43(2H,m,1.65-1.71 (1 H nmM2.01-2.13(2H m,

7. 60( 2H, dth) €quifal8ntd Hpyeldrab( Bétwderd =B .adliz)( eqRaRHsdeblatile b 11 StaHing,

' 3C- NVR(CDC13) : d10. 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)dike-9(koIF=ghdsp l’rEﬂuol@r?e 7(d, J=10.3Hz), | 23:6(dd,J=4. 1,13. SHz),
132, 5(d. J=10. 4Hp) . 134, 5(dd, J=15. 5 97. 3Hz) , 136. 2. 138. 9(dd, J=3. 1. 19, 7Hzj .

3~P- NVR(CDA 3) : diR- afouiit @fthe%&%nlmlb%%s@@forl%kﬁnﬁ@ﬂ@rryac&@allyﬁmssgxgﬁww at ed
as CZOHzZ30PBrz: C, 51.09; H, 4.93. Found: C, 50.86; H, anple 17:

Ihf( S(2)| Ub(ﬂéﬂ'nteéf bk, fﬁggéh@}a)f nehid brefdraB9! A 80s) 08f eI B WNBESHORERI PG N 2



Exanples L to 9, 13 and I Sin different solvents was eval uat ed. ,)hJae,‘ i~
results are shown in Tables 1 to 4. Regarding the criteria for evaf u’éf’PO?-‘D,GB
sol ubl e sanples are indicated by (~); partly soluble sanples are by {O or
D, butO> Din point of the solubility); and insoluble sanples are by (Xx).
Table I Solubility of Polyners Pol ynmer Sol vent CHCl 3THFet hanol t ol ueneExanpl e

1 ~ODxExanpl e 2000pxExanpl e 3ppxx Table 2 Solubility of Polyners
Pol ymer Sol vent CHCO 3THFet hanol toI ueneExamJ{-e 40000CDEXanpl e 5CoCpxExanpl e 6

~~ T b|

Polo;)r(rer gol \?)e\:‘ttoalgig% %tlgaehlg FB‘S e e R e L A e e 0 e e S

9 bi | t f Pol

SIAMCR PO Ve RS VT
Ex l e 18: Th | t f th | bt d Ex | 1
Co o 13 HiAdS ok deeveiPiabgy. 'e%si@?%ppgﬁhgosp 1%3 o enESe areol He

absorption peak wavel ength in the UV range & the nol ar extinction
coef f i ci efSepRYolehe bibAoABeralnitmeyshall h@ﬁ‘éeeﬁll%laé@é@ ptrapspberey mrpleakly

wavel ength in UV exposure (EM-max), and the quantum efficiency in solution.
The resul b&fwgerel.giapdd Ojatmawpbrress. 2:~ >"alUG 2003 V1 e~- HNOGONNOO
O -31 1~ ~1li~~l,~y(\1l v;~~ (~~GL7] .-W=~"Y'f~ . :f~L..~II~MC o0 C : ~;
LVI?Lvl ! ~v v=NiE N&CliOHWay%e e various temperatures, but is generally effected
V~MD0~Gl[ ~01G>~- GLGLO~MNoGLCo~MVMVWVVMLI. Or - ~~ N=MW-ON. ~VO~f ~. ~00_ p . VW
OF ~1 ~| ~oodt-4 teipeativéfAllin L KDEXX0F0ENE 180°C, preferably between 0 and 150°C.

Preferably, the reaction is effected in a solvent. Examples of the solvent are
N,N-dimethylformamide, hexamethylphosphoryl triamide, xylene, toluene, benzene,
tetrahydrofuran, and dibutyl ether. For promoting the polycondensation, the amount of
the solvent to be used 1s not specificaily 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 Hquid, 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 1is obtained by halogenating a

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

O\\P/R )
.

(wherein R has the same meaning as above), with a halogen molecule.
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For the reaction, preferably used is molecular chlorine, bromine or iodine.
‘The amount of the halogen molecule to be used must be at least 2 equivalents relative to
the 9-0x0-9-phosphatluorene of formula [1X], but may be excess over it.

The reaction effectively goes on in the presence of a Lewis acid catalyst.

" The Lewis acid catalyst may be any one generally used in aromatic electrophilic
substitution. Concretely, it includes, for example, aluminium chloride, aluminium
bromide, iron chloride, and antimony chloride. Metals that are the precursors for them
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-phosphéﬂuorene of formuia [IX], but may be a catalytic amount thereof for
efficient reaction.

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

No solvent may be used in the reaction. However, when the starting
9-o0x0-9-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—Diha10-9—0x0-9—phosphaﬂuorene compounds of formula [VI] are novel
colmpounds, 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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6 AL~G 2003 -32 f\s i's known tl-om Table 5, the polyners o' ztained in C
xampfes 1 to 9. 13 and 15 all emt fluorescence having a peak wavel ength in
the visible light range in any formof solution in CHCI3 and thin film and
their quantumefficiency in solution in CHC13 is high, falling between 0.59
and 0.81. Exanple 19 (electrochromc elgnent formed of polynmer): This is to
denonstrate the spectral ele trochenicgl response of the _olynE{ obt ai ned
in Exanple 4. One“mVofia’his “w%*r%ﬂm%%@ww R diles Bl%’ffo lowing

di chl oroe2hane, and the resulting polyner solution was cast on a

commer ci aFr3mplgaivag: é'O’tVF‘é“ﬂ's"HSr”@gtm@dé@ltq BEEIC] B0 S%O5 ghdje 1yeBidpar e a
wor ki ng el ectrode. This was disposed in a quartz cell along with a counter
el ectrode (platinumplate) and a reference el ectrode (silver, silver ion

el ectrode). Wth that, the cell was filled with a supporting el ectrol yte,

t et r abut yEXmMPLE®N perchl orate, and a sol vent, dewatered acetonitrile. The
cell was driven, and the col or change of the polyner owing to the potential
change i nEtdmpledt| was detected with.a spectrophotoneter. As a result, it
was found that the thin filmof the polynmer of Exanple 4 was pale yellow in
neutral but chariged 4 roniitaded yehth@splicve deep3véol ef W(ID t h@molyr ease in
the potential applied to the cast filmof the polyner. Wth the change, the
UV absor pei@rs-badshctadidneiftiel,t @21HE 0] 1 tlobhiadiead). 200 5123 Aindds)asmd 390
nm di sappeared, and a novel visible |ight absorption band appeared at

around SZanﬂthHEySTRIA@mﬁPPLICm&ﬁg¢'TY Thg presenp invenhiggn provigles a
pol ymer which contains in the backbone a 9-oxo0-9-phosphafl uorene-2, 7-di vyl

ke 1o, 87 Racago.hoomyclo okt as ensampviun, el iy arow

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-9-0x0-9-phosphafluorene-2,7-diyl group (of formula [I[I] where R is nonyl
group). Thus obtained, the polymef 1s a novel compound not disclosed in any
literatare.  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.
1H-NMR(CDCh):60.83(3 H,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).

HPONMR(CDCLy): 843.7.

Elementary Analysis: Calculated as n = 12 (C;5,H301012P12Br):



- 33l um nescent el enent or electrochromc elenment. and provides a process
For producing the polymer. The invention al so provides a o Ada 2003
2, 7-dl hal o- 9- oxo- 9- phosphaf | uorene conmpound which is useful, for exanple,
as a nonomer for producing functional polymers, and provides a process for
produci ng the conpound. 2 ~ AL~~; 203 -34 CLAIM5S 1. A polyner that
contains in the backbone a 9-oxo-9-phosphafl uorene-2,7-diyl skeleton or a
conbi nati on of the skeleton and a vinylege or aryl ene skel eton ofthe

fol | ow ng-ggneral f@rpulagfl]: O-P R~~~ ~ Qn wherein -Q represents a
single bond, -Ar- (Af i's an arylene group), or a vinylene group of the

fol | ow ngg erak< §-or el 5,y [11] in which R represents a hydrogen
atom ang}o‘%ﬁab(?lah'%ﬁ’gggﬂé%’gsd’tje'éz'al kyl, cycloal kyl, aryl or aral kyl group, a
cyano group, or an al koxycarbonyl group, and it may bond to - any carbon of
the olefin chain in the formula; R represents a hydrogen atom or an
optional ly-substituted al kyl, cycloal kyl, arallcyl, aryl, alkoxy,

cycl oal kytB58P*® aral | cyl oxy or aryloxy group; and n indicates an integer of
from3 to 30000 . The polyner .as clainmed jn. claim for ich - in
formula [1] is & g‘i‘enﬁﬁ“ée E‘Gﬁ%erafﬁdn a&rwk?i P tﬁ?"é@é’FﬂseddZ%yg t@rgpfr%rfl?lg%‘ng
general formula [I11]: O- RP vy [ILI] ~6 Al..; ~G3 -35(whereip R and n
have the &5/ ealif ngRONQEICAHGRE) . 08 aTRebEity HEVINgs TEPIREd WHS cPhifh 1, for
which -Q in formula éIL is -Ar and which is represented by the_foll ow ng
general  fOfdestE)Prago-S-phesphafleqrenead,7-dwykgraum (Hfdoemlp LH RIS R dh Py as
above). ° 4. The polyner as clained in claiml, for which -Q in formla
[1] is. tgreumi nyfoenewhichup lsfweaver.muluged | | vaandd-4il chg i strepriegwht e®fby t he
follow ng general formula [V]: ~PR U (wherein R, R and n have the same
meani ngs 2%-ditvome)9-(2-octyl)-9-0x0-9-phosphafluoene (of formula [VI] where R 1s 2-octyl

group and X is bromine) in place of 2,7-dibromo-9-nonyl-9-oxo-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 wés 4679.

Tts NMR spectral data and elementary analysis data are mentioned below.
'H-NMR(CDCl5):50.84(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).

AP NMR(CDCI): $50.2.
Elementary Analysis: Calculated as n = 10 (CyoH231010P10Br1):
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



5. A process for producing the polyner of claim11, which conpri 535, A LI

dehal o- pol ycondensi ng a 2, 7-di hal o- 9- oxo- 9- phosphaf | uoene of the f’3’0I’JILc'ﬁ/\,iEIEI%3
general formula [VI]: O-P R X ~ ~ ~ ~ X ~I] (wherein R and X have the sane
meani ngs as above), or reacting it with an aryl enebi sboronic acid foll owed
by pol ycondensing the resulting internedi ate, or polycondensing it with an
ol efin. 2 GA'!'u 2003 -366. f he production process as clained in claim
~, wherein the polycondensation is effected in the presence of a transition

met al - bas%ﬂgﬁgﬁgjiﬁﬁ?—@%ﬁﬁaﬁﬂﬁ)?cnc?l?—ﬁp’? UP(I;Lg)d("(J)?t[’é)rgﬂli@[I@ﬁ%vsh%réaﬁ igln%irgﬁq in

claim6, ansition netal-based chem cal substance is @&

| ow-val ence transition. netal -based chem cal s ance. Th dygti on
process a%‘OEIP)ai nrls(a)(rj iW][(:CIhai %Off{ev\?\herg?bn tk@spoﬁ%?gndgnsé '|5%n Lﬁjgg)g flebgt ed in
t he presence.of the | ow yal ence transition netal:based ; chem.cal stance
f or med byﬂzﬂi&?rﬂﬁwt&b'?rgﬂ\é\%%ﬁéOgg‘g’r‘i’tgp}fagﬁ‘ﬁe’fer5 sIFPBR ﬁéﬁa‘?’heﬁgg gﬁéﬁgycal
substance of which the valence is .ow. 9. Th rodycti o rocess as

cl ai med i HOARYIGR & BiomEng "Poﬁéc,e %gbadl‘i’f"’flwé%l%ﬁ"s"??%ﬁ?:’?ﬁfpgﬂaﬁ}l%eﬂﬁi‘8ke| .
10. The production process as clained in any_of clai 6 1.0 E‘é wherein the
transiti o¥xareriall, pad yagd wareudnl 68 8. (0RVpmsoblsaf Pléﬂa%réb‘gg%@?ﬁefte cksdy érirer of
claim 2, which conprises dehal o-pol ycondensati on of the

2, 7- di hal mL9oOAS-Grobinsiadient] @ol08ng @64 ommel) of] &yo-dipyzidytriged ptbdwle tdfon
process as clainmed in claiml1, wherein the polycondensation is effected in
t he preseNdedmbethylformamidd. onThust abtabwde dhe h?@Eﬁmfa”l iss abseeeh cewmppgnd Ty
production process as clainmed in claim 12, wherein the transition

met al - basdistlotedin ey lisravseantie IR spatiometry aioafioeed thairtbe pplymemit ahydsalsed
chem cal substance. 14. The production process as clained in claim13,

wher ei n tTie pahyeavdags aholoculissweizheof € palyinhe cgcesed abragh tdhemdntaryval ence
transition netal -based chem cal substance forned by adding a reduci ng agent

to a trangialysBrv4¥e180- based
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(2ﬁ,brs).
IP_NMR(CDCl3):543.5.
Elementary Analysis: Calculated as n = 12 (Cg0H31024P12Br1):

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-oxo0-9-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-phenylencdiboronic

acid, 2.0 g of tripotassium phosphate and 10 mL of N,N-dimethylformamide was heated



2 6 r~~G 2G-J3 -37 chem cal substance of which the valec_e is not low 1~.
The production process as clained in any of clains 12 to 14, wieBehidst HE3
transition netal is nickel. 16. A process for producing the polyner of
claim 3, which conprises polycondensation of the

2, 7- di hal o- 9- oxo- 9- phosphafl uorene of fornmula (VI] with an

aryl enebi sboronic acid of the followi ng general forrmula [VII]:

(HO ZB-Ar-B(OH) 2 [VII] wherein Ar has i1ge- sane neani ng as above. 17. The

pr oduct i On WJG@efﬁﬁi s‘%?mgl 811' {?QOLI]&; tclhcalt, H%]cﬁllupéheﬁﬁé pe gp&%ﬁ?\t}/ﬁoﬂﬂ Q)%?lel on is

effected I'n the presence | adi um cat al tion

process ag, chaj Wid wa‘[pcr angl i eé\tqﬂ?:rﬁgjlor\]vdtcp %a? ahbadupm rg%thathl){r%floﬂ S -

| ow val ance conp eX ca roduct 1on roces as ¢

claim17, whrelnth adl C

ligand of P&{Eriiay B’hg@&mo %’I tﬁi‘?@/%ﬁﬁ%@ 11112(9??%@8%8?]60@5% on .
process as cl ai.ne erein the pal| is a

pr ecur sor fee&?mlt@%%eagﬁﬁwi g%“%@?%@ ip @Eﬂ?qyfs%lﬁﬁ\pe‘fggle%la ‘?Ef i ’6\/\9—‘3% thce
conplex in the reaction system 21. The productl on_process as clainmed in
clai m 17, hghere@mde Ppalt) adPhim tat 8PYEE! | shavipgw- il efffe JHRFIEX with a

| i gand of tertiary phosphine and/or tertiary phosphite that is fornmed from
a conbi nafinenyigt-oxo-gathosptiadnreoepl lesivhgroupadichg 2otdilgaatpxatL.4pbeptiengr v
phosphine or tertiary phosphite, and a tertiary phosphine and/or a tertiary
phosphi t egtionp (¢feforalet[i bhw grs tRermnoRg! group pod 8¢ 5 2.6rdipmobtt hirpherylgnst ymer
of claim4, which conprises pol ycondensation of the

2, 7-di hal grogpbxoﬂﬁ}sphbiamhdj theo pelyereofis f omoutlacdrivpdundi nbt slfschised iin @fy t he
f-oI | owi ng general forrmula [VII]: z aa-—~ca3 -38 R [VIII] (wherein R
has t he shtemtureanCalguhbsdabmngh gePBermEhigorpetacmatopmphp motkesb(@GYC alethadpd i n
claim22, wherein the olefin is ethylene. 24. The production process as

cl ai med iixs ahaber-2krede ddlecohenediphit has Aol 9@ cndeins atdign-averagé freslt@dari n t he
presence of a transition netal-based chem cal substance. 25. The production

process aweigh®vaEZ2000. CCalcilad thiieh @lethehti@y hii-asd, tils@iean molecular weight
was 8290. Its NMR spectral data and elementary analysis data are mentioned below.
'HANMR(CDCls):30.86(61,brs),1.31(1 61T, brs), 1.64(12H L 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).
IPNMR(CDCL):543.9.
Elementary Analysis: Calculated as n = 13 (CsagH714040P 14Br2):
- 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 |1V] where R is propyl group and Ar is 2,5-dihexyloxy-1.4-phenylene

group), for which, however, used was 0400 g (1.0 mmol) of



met al - based chem cal substance is a | owval ence transition netal -based
chem cal substance. 26. The production process as clainmed in C?l@imug?n. :
wherein the polycondensation is effected in the presence of the |'ow éfl']%-nce
transition metal -based chem cal substance forned by addi ng a reduci ng agent
to a transition netal -based chem cal substance of which the valence is not
| ow. 27. The production process as clained in any of clains 24 to 26,
wherein the transition nmetal is palladildrn 28. The production process as
clainmed inp-claim?2s, wherein the palladiumcatal yst .i.s di yal ent cgnmpl ex
W a1 e e DRy Pt BTG P T o e K8 e
production process as, clai ned i.n cl ai , _Wher ei he pall adi um cat al yst
e ot ecti BB R SR SN cb B BEPrg Pt Py o a ¢ SO e
| ow val en copplex in the reaction system 30. The production.process as
ol ai med | A0 APRTSR; NP BT hed PA Fla B iRe Wit APty Sisclogeds 1 S i efte
conplex with a ligand of tertiary phosphine and/or tertiary phosphite that
i s formedCricBigfed g@fﬁﬁ@ha@?‘énff@&@é, PaE | Bemberaverest exokstlapaeight £f the. G AUe
2Q03 -39ligand of a terCi ary phosphine or tertiary phosphite, and a
tertiary E?IEs@@hﬁh@p@zﬁ@f&he polymet ivens\o25Acwmg| the evaightaherage acl¢atarsygglim  31.
A | um nescent or electrochromc elenent that conprises a polyner having a
9- 0x0- 9- pthesphafab §88&ne-aqutatdd tHrowdbedlenamanfantlysisf b noan meplgataradiglitor nul a
[I]l: n[I] (wherein -Q, R and n have the same neani ngs as above). 32. A
process fofthppolyuei mgs &02).7- di hal o- 9- oxo- 9- phosphaf | orene conpound of the
foll owing general fornmula [MI]: O-PR X ~~ " ~ X [VI] (in which R has the
sanme nmeani ng as HioXN®[R apectél rdap ane riandantdigl agbrisadam)of thbimitymampei ses
hal ogenati ng a 9- oxo-9- phosphafl uorene of the follow ng general formula
[1X]: O-pmButid¥H beiod.whi ch R represents a hydrogen atom or an
optional |l y-substituted al kyl, cycloal kyl, aral kyl, aryl, alkoxy,

cycl oal kylpxMR(@DE;):50. 5761 185),090BH0B8), 181 @HIMs), 1 Wb bak), N3 (2H BR), O8(BT WisE -
6.98(2H,5),7.87(4H,m),8.09(2H,d,J=8 OHz).
P NMR(CDCl):344.0.
Elementary Analysis: Calculated as n = 14 (Cy77Hs37043P15Br):
| 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-oxo0-9-phosphafluorene-2,7-diyl group and a 1,4-phenylene group (of formula
[IV] where R is nonyl group andrAr is 1,4-phenylene group), for which, however, used
was 0.166 g (1.0 mmol) of 14-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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the follow ng general fornula.[VI] C%F*?@?(/ ~~\ X[VI] (wherein R and X
have the ﬁf%m?ve”%ﬁﬂ%”[%? aﬁm?cQ?Et?) \\uc’h)% LI‘LO ?03" (f"ll \(,B”?&Aﬁ{(ll Lhk(np'hpo ymer

containing in th bone osp hat nor ene- 2 “eton or

a conbi natjon of t sk skel et on oy ryI el et on.
The_pol ynikoats hfudn s hEh alo&cuﬁhwc?b#% D r g T ol LR SR rent %or
el ectrochrom c element. The p obt ai.ned b subjectln a

5 7 hal S reh Sy GOMSTS ety okt SRer o titenal ogenat on.

or to reagtion with ar %%Bneblsboronlc acid and &2ﬂ condensatlon or to

pol yconderﬁ%ﬁ%@?p }J)P@Fller(IOHNW ONPHARR2 A NG ARELAR, A

E. A. ALhv. Ai . A|§E Ah. AE. A). A). AQ@ AK@ Av) . A. A@ . Av. ANE AlL. AvL. AY) AI Ax#B! .

A K A..A9@§flk2¥.(ﬁﬁﬁﬁz&4f{(2 A | Av) . Ail.A):045 C (000 " @00 .
T ~8"0 ? x ?p000?000?p0Ox~ 0@ "~ 000p0° p0~000000000°00 ""00 """
0|0 PODOREDEAGOED00X0" 008™ "~ 0< 000000 x0° 00 0°x00 0°0@D @B

x?8??0?80 p ?8sp0” " "0 "8 0 ° "000888p80888000pp0p Op OpOp0” <?;

8p0080° OOEROE80OBANSIFsE: COO@ e asn <t AE opfElags010P10Br2):

tt(tp000 00p " ??p?80p pO0 0 p??00p0<88 0 " pOp " p008?0 °

~~ " p000° " 0" OpOC3DVN35; 1), 7.0036%, BY00° 0 0?7000 0000 08" 0~p0” 08" 0 808
0080700p>""0Op p8 8 800?0p  080>000" " Op@80° 8?0 "080p O

00000° pOOBPhdBEBPPIPAS XK BIDEIP3.98. p’ p80000p

88<880ppppp@ 8 8080880 "pO\kzM*. 9 | "#y
~ytni d_ZU] ca] ca] ca] ca] cZaV] cZa] c"a] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] c”a
] ca] ca] ca] ca] c™a] ca] ca] c™a] ca] ca] ca] ca] cal

Example 7:

0.0012 g (0.010 mmol) of palladium acetate, 0.0061 g (0.020 mmol) of
tri-o-tolylphosphine, 0.43 mlL of tri-n-butylamine, 0.235 g (0.50 mmol) of
2,7-dibromo-9-(2-octyl)-9-ox0-9-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, ar-l-d 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-ox0-9-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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bC 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(CDCLs):80.99(3H,brs), |.35(2H,brs), | 76(2H,brs),2. 14(2H,m),7.23(2H,s),
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Found: C, 66.96; H, 6.05.

Example 9:

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-oxo-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 conjfumed that the
polymer is a hydrate. Calculated through elementary 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(CDCl3):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).

TP_NMR(CDCls):843 4.
Elementary Analysis: Calculated as n= 10 (C;35H135022P“Br2):
C,68.14; H, 5.72.

Found: C, 68.04; H, 6.12.

Example 10:
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extracted with 500 ml. of chIoroform. The resulting chloroform extract was washed

with 200 mL of saturated sodium thiosulfate. Then, this was dried with magnesium
sulfate anhydride, and concentrated, and the resulting solid was recrystallized from
methanol to thereby isolate 6.32 g (15.8 mmol} of
2,7-dibromo-9-0x0-9-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(CDCl;):51.00(31,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,3=0.6,8.3Hz),7.92(2H,dd,]=1.6,9.2Hz).
13C—NMR(CDC13):515.5(d,J=16.8Hz},15.9(d,J=3.5Hz),32.3(d,J=69.7Hz),
122.8(d,i=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).
IP_NMR(CDCl3):842.2.
m.p.: 226.0-226.4°C,
Elementary Analysis: Calculated as CisH30PBr»:

C,45.04; H, 3.28.

Found: C, 45.08; H, 3.10.

Example 11:
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9-nonyl-9-ox0-9-phosphafluorene (of formula [[X] where R is nonyl groups) 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):2952.5,2921.6,2850.7,1454.1,1394.3,1176.4,1089.6,821.5cm™.
'H-NMR(CDCl3):80.86(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(211,dd,J=0.6,8.0Hz),
7.92(2H,dd,J¥1 .5,9.2Hz).
BCNMR(CDCls):614.1,21.9(d,7=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).
3IP_NMR(CDCl;):842.5.
m.p.: 95.0-96.0°C.
Elementary Analysis: Calculated as C3;H250PBra:
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-ox0-9-phosphafluoene (of formula [VI] where R is 2-octyl

group), for which, however, used was 759 ¢ (243 mmol) of
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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):2950.6,2925.5,2854.1,1450.2,1392.4,1172.5,1085.7,821.5cm™.
"H-NMR(CDC];):80.84(3H.t,J=6.0Hz),1.00(3H,dd,J=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,]=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,J=69.7Hz),
122.8(d,J=9.8Hz),123.5(dd,J=4.0,13.3Hz),132.8(dd,}=9.9,16.9Hz),
132.9(dd,J=29.7,94.8Hz),136.3,139.8(dd,1=1 1.6,18.3Hz).
3P NMR(CDCl3):849.2.

m.p.: 84.4-85.2°C.
Elementary Analysis: Calculated as CogHy;OPBra:
C,51.09; H, 4.93.

Found: C, 50.89; H, 5.14

Example 13:

In the same manner as in Example 1, obtained wa; 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-oxo0-9-phosphafluoene {of formula [VI}] where R is
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1011{{{ WB&Wn%?%a novel compound not disclosed in any literature. Calculated through gel
permeation chromatography method (GPC method), its number-average molecular
weight was 5680 and its weight-average molecular weight was 6250. )

Its NMR spectral data are mentioned below.
iH—Nl\/IR(CDClg):SO.76(6H,brs),1 21(4H,brs),1.33(4H,brs),1.67(1H,brs),2.16(2H,brs),
7.85(4H,brs),8.10(2H,brs).

TP NMR(CDCly):844.1.

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,o'-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 chiorotrimethylsilane, 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 unit) of a polymer having repeéﬁng units of a
9-nonyl-9-0x0-9-phosphafluorene-2,7-diyl skeleton (of formula {III] where R 1s 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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9-(2-octyl)-9-ox0-9-phosphafluorene-2,7-diyl group and a
2,5-dithexyloxy-1,4-phenylene group (of formula [IV] where R is 2-octyl group and Ar
is 2,5-dihexyloxy-1,4-phenylene group), for which, however, used was 0.235 g (0.50
mmol) of 2,7-dibromo-9-(2-octyl)-9-ox0-9-phosphafluorene (of formula [VI] where R
is 2-octyl group and X is bromine) in place of
2,7-dibromo-9-nonyl-9-oxo-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 moiecular 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(CDCl5):30.87(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(2I,m).
P NMR(CDClL5):851.3. |
Elementary Analysis: Calculated as n =22 (CgsgH|145067P23Br2):

C, 76.84; H, 8.63; Br, 1.20.

Found: C, 76.38; H, 8.65; Br, 1.20.
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2,7-dibromo-9-(3-ethylhexyl)-9-ox0-9-phosphafluoene {of formula [VI} where R 1s
3-ethythexyl group), for which, however, used was 12.5 g (40.0 mmol) of

] 9-(3-ethylhexyl)-9-oxo-9-phosphafluorene (of formula {IX] where R is 3-ethylhexyl) in
place of 9-ox0-9-phospha-9-propylfluorene in Example 10. Thus obtained, the
compound was a colorless acicular crystal, and is a novel compound not disclosed in
any litell'ature.

Its IR and NMK 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™.
1.H~NMR(CDCI3):ESO.-79(3H,t,J=’7.4Hz)0.83(3H,1:,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,]=1.6,9.1 sz.
BCNMR(CDCl3):610.3,14.0,22.7,27.4(d,]=8.8Hz),28.8,34.0(d,J=8 2 Hz),
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,3=15.5,97.3Hz),136.2,138.9(dd,J=3.1,19.7Hz).

P NMR(CDCl3):842.7.

m.p.: 139.1-139.8°C.

Elementary Analysis: Calculated as CooHa30PBry:
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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Table 1
Solubility of Polymers
Polymer Solvent
CHCi; THF methanol toluene
Example 1 - © QO A X
Example 2 © O AN *
Example 3 A AN X X
Table 2
Solubility of Polymers
Polymer Solvent
CHCL THF ethanol toluene
Example 4 © © O JAY
Example 5 © O A X
Example 6 © AN X X
Table 3
Solubility of Polymers
Polymer Solvent
' CHCl3 THF methancl toluene
Example 7 © A AN x
Example 8 O VAN AN x
Example 9 O AN X x
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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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CLAIMS
1. 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 of the following general formula [I]:

O\\P/ R '
ot
(1]

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

of the foll-owing general formula [11]:

11}
in which R’ represents a hydrogen atom, an :0pﬁ0na11y—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 [T} is a single

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

Q

N

’ -
/ \@’\f -
{/( A [111]
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10i K% 10i K% 10i K% H6510% K% & ()-f @y$*a|[:vU4 | < 1) 10%%l& () -

C CL0%%& ()- 2)=10%j & ()-

-35-
{wherein R and n have the same meanings as above).

3. The polymer as claimed in claim 1, for which -Q- in formula [I] 1s -Ar-

and which 1s represented by the following general formula [TV]:

QR
R )
| O A’ -
V]
n

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

T 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 gencral

formula [V]:

AN "'

' —ijﬁ v

(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

formula [VT]:

[VI] -
(wherein R and X have the same meanings as above), or reacting it with an
arylenebisboronic acid followed by polycondensing the resulting intermediate, or

polycondensing it with an olefin.
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I+ 110% & () - 0. The production process as claimed i claim 3, wherein the
polycondensation is effected in the presence of a transition metal-based chemical
substance.

7. The production process as claimed in claim 6, wherein the transition
metal-based chemical substance is a low-valence transition metal-based chemical
substance.

8.  The production process as claimed in claim 7, 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.

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—dihal0-9;0x0—9—ph05phaﬂuorene 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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chemical substance of which the valerze 1s not low.

15, The production process as claimed in any of claims 12 to 14, wherein
the transition metal is nickel.

16. A process for producing the polymer of claim 3, which comprises
polycondensation of the 2,7-dihalo-9-0x0-9-phosphafluorene of formula {VI} with an
arylenebisboronic acid of the following general formula [VII]:

(HO),B-Ar-B(OH): [vi]
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
hgand 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-9-0x0-9-phosphafluorene of formula [VI] with an

olefin of the following general formula [VIII]:
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(wherein R' has the same meaning as above).

23. The production process as claimed in claim 22, wherein the olefin 1s
ethylene.

24. The production pfocess as claimed in claim 22 or 23, wherein the
polycondensation is effected in 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 1s a low-valence transition metal-based chemical
‘substance.

26. The producﬁo‘n process as claimed in claim 25, wheren the
polycondensation is effected in the presence of the low-valence transition metal-based
chemical substance formed by a&ding a reducing agent to a transifion 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 fransition 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 1s 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
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tertiary phosphite in the reaction system.

31, A lumunescent or electrochromic element that comprises a polymer

having a 9-0x0-9-phosphafluorene-2,7-diyl skeleton of the following general formula

[1]:
0. R
P
e
- n

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

32. A process for producing a 2,7-dihalo-9-0x0-9-phosphaflorene
compound of the following general formula {VI]:

O\\P R

xx o

(in which R has the same meaning as above; and X represents a halogen atom),

which compnises halogenating a 9-oxo-9-phosphafluorene of the following general

(in which R represents a hydrogen atom, or an optionally-substituted alkyl, cycloalkyl,

formula [IX}:

aralkyl, aryl, alkoxy, cycloalkyloxy, aralkyloxy or arvloxy group), with a halogen

molecule.
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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 1s 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

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

general formuda [V]]
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A polymer containing in the backbone a 9-oxo-9-phosphatluorene-2,7-diyl
skeleton or a combination of the skeleton with a vinylene skeleton or arylene skeleton.
The polymer is utilizable as, e.g, a component of a luminescent element or
electrochromic element.

The polymer is obtained by subjecting a 2,7-dihalo-9-oxo-9-phosphafluorene
to polycondensation with dehalogenation, or to reaction with arylenebisboronic acid and

polycondensation, or to polycondensation with an olefin.



