;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 formla); 26 Aug 2003
Lor Pt esent s, NALA AT o8B RSB RB LA A Kl vy

group, aqﬁl ntheiz nd.elirt(.:at esHo%\rr]eviep,t egerpo?)];mer 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



from3 to 30000]. Fornmula [I] where -Q is a single bond represer;,té B nre
pol ymer that contains in - the backbone a 9-oxo0-9-phosphaf!| uoren ,F?U"élitgﬁlﬁé
skel eton of the follow ng general forrmula [I1I]: OPR/ ~ ~ [~I] (wherein R
and n have the sanme nmeani ngs as above). Fornula [I] where -Q is -Ar-
represents a polyner that contains in the backbone a

9- oxo0- 9- phosphaf | uorene- 2, 7-di yl skelgEgn and an aryl ene skel eton of the
foll owi ng general formula [IV]: O-P ft™\ Ar n (wherein Ar and n have the

sane rreanﬂh@%o%@rﬁ%b\@vﬁeéxo—E%%H}Hh%ﬂ[lér]enmgr—ﬁgfr etk ®n AV h ML EMAS.LGE QP RS

formula [I1] represents a polynmer that contains in the backbone a

9- 0x0-9-p oL 2,75 d | et - vinyl skel et o f. the
Fol | owi ng Soneral T ormala l o ek RS o B ProBic 5863 Tl Melsi n R

R and n th Jreani above)., In formulae [I1], (II] V] and
fv 2"k rentEeh SEMEATSOR MRt & Mnbumillontrre st of v butPdbe
cycl oal kyl,, aral kyl, aryl,. al koxy, cl oal kyl oxy, aral kyl oxy or aryl oxy
group. THEHFAT %?C(Bi?ﬁﬂ%)fm’f ﬁi:er%eﬁ‘{f'i o%‘f’r?lhﬁr- abiBett ?f%/ thedgvention s §e @Eﬁi’lﬁie‘o? R nay
be a linea r brapched al ky] group preferably having from1l to 20, nore
prefer abl%}‘fiﬁj&?ﬁ‘ aﬂ‘&%‘é‘)x@ ‘B%?Fpéﬁfilﬂﬁf?nq fempEidp MaichaSeusedt 2y the BaHPE, n- or
i so-propyl, n-, iso- sec- or tert-butyl, n-, iso-, sec-, tert- or

neo- pent yrongasdenthe pplymeptapd a proesss {ir produsatgythe gemipeundony|  groups. The

cycl oal kyl group of the optionally-substituted cycloal kyl group for R
preferably has from5 to 18, nore preferably from5 to 10 carbon atons. Its

exanpl es a & GVl CA cflm YILI‘TI%WTILI bNand cycl ododecyl groups.
The aral ky - al kyl group for R

preferably has from7 t0.13, re. preferabl rom7 to 11 carbon.atons. Its
exanpl es are benz{f, "PHERS hrﬁ{g?e n&gn%pﬂ?lﬁﬁeﬁe%ﬁgﬂcoﬂ%p@ t(\F‘F‘ie &YPGrdup of
the optionally- stjtuted | ..group for R preferably s from6 tq 18,
_nore pref eg'é’b‘)l‘éirgs“ P Q?H}l%ﬁl‘f%af%%éﬁ‘%oﬁmi?t%ﬁr F (OB ¢ eSlfﬂ(ﬁ%ﬁ?I%n a
napht hyl, tolyl and xylyl groups, The al koxy group of the
opt i onal | yvaiflaearytaleng| skelelory pb iy flovrng respeph frypubmdllf fom aroesss for nore
preferably from1l to 15 carbon atons. Its exanples are

producing the polymer, and to a luminescent element or an electrochromic element that

contain the polymer.

0, R
P
-0
n

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

group of the following general formula [II]:
=

[11]
(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,



net hoxy, ethoxy, n- or iso-propoxy, n-, iso-, sec- or tert-butoxyg N7
i so-, sec-, tert- or neo-pentyl oxy, n-hexyloxy, n-heptyl oxy, n-ocgyﬁb?yzﬁﬂd
2-octyl oxy groups. The cycl oal kyl oxy group of the optionally-substituted
cycl oal kyl oxy group for R preferably has from5 to 18, nore preferably from
5 to 10 carbon atons. Its 2 6 AUG 2003 -5 exanpl es are cycl opcntyl oxy,
cycl ohcxyl oxy. cycl ooctyl oxy and , ycl ododccyl oxy groups. fhe aral kyl oxy
group of the optionally-substituted arabkyl oxy group for R preferably has
from?7 t OR]@J?]re%'fﬁa prefoerabiom f &:0m gptti&m}lﬁ*—sﬁggtggt@d ab Qs ch 3.5 QXQH}%@S are
benzyl oxy, phenet hyl 6xy "and napht hyl et hyl oxy groups.” The arflbxy roup of
the optiopal ly-subst.i ed..ar . or, yref,erably has .from6 to 18,
nore pr efe{e}éi lét%%;}%?’r %H%%g&fd a%lg%ohrf %f%ﬁ%ogglﬁrglﬁgf 3% %1138 métre% a%ﬁ%tﬁ%%{ﬁ |- or
2-naphthyﬁ§§%% %ﬁbMJoxy and xylyloxy groups. The substituent 1 for these

al kyl, cyc oalﬁy , éralkyl, aryl, al koxy, cycloal kyl oxy, aral kyl oxy and

aryl oxy groups includes, for exanple, an al kyl group such as nethyl, ethyl,
n- or iso-propyﬁgnﬁ aiﬁwﬁ €9 bﬁgyéﬁgﬁﬁﬁ?%ﬂﬁPW8?§%aéPH@%?fh%ﬁBH@HﬁdPogen
atom such. as fluorine, chlorine, bromne, iodine. Except these, any other
subst i t uéht BREEPA%R PIErHghNPhHINNsepS yarndeheen io§rihe Mollpwingr swewd of
produci ng the polynmer of the invention is acceptable for these groups. In
formul a FPWW#aﬁﬂﬂiepresents a substituted or unsubstituted aryl ene group,
of which the arylene group has from6 to 14 carbon atons. Concretely, it

i ncludes 1, 4-phenyl ene, 2-nmethyl -, 4gphenyl ene, 2, 5-di net hyl - 1, 4- phenyl ene,
2,3-di methyl -1, 4- phenyl ene, 2, 3,5,%s/tetranet hyl -1, 4- phenyl ene,

2, 5-di met hoxy- 1, 4- phenyl ene, i’ hre

2, 5- bi s(1- et hyl hept yl oxy)

. grroups. In formulae [I1] and [V],
R is a hydrogen atom an opt Fut ed al kyl, mycl oal kyl, aryl or
aral kyl group, a cyano group, © oxycar bonyl group. For the
definitions and the exanples of the al kyl, cycloal kyl, aryl or aral kyl
group of the optionally-substituted al kyl, cycloal kyl, aryl or aral kyl for
R, and ghbeefOk abdig heeS thBishhoReadngs khoe¥aNnpl es of the substituents for
these groups, referred to are the 2 6 AUG 2003 -6 sane as those nentioned

her ei nabove f OrFBnfg8 RRCKLYR! o The- Al kakeafbonyhiAPUBa Hnifhd Sy REST €7 abl y

one contai ning an al koxy group having from1l to nore preferably from1

o15 car BaBhOU:. ohd 5-REGTANES::ALS, TRV NONGBE BABYL, o RRONIGRLR UMY 1 O

i so- propoxycarbonyl, n-, 1'so-, sec- or tert-butoxycar , 1S0-,
tert- or gNeQeh, &ﬂ%% %ggﬁ . - hexoxycar bonyl, n-heptoxycarbonyl,
n-octoxycarboﬁgg an E -oc?ﬁ&@barbonyl groups. R may bond to any carbon of
the olefin site of the fornula. The . polynmer of fornula [II1] may be
produced t hrough dehal o- pol ycondensati oa of a
2,7-dihalo-9-oxo-9-phosphafluoréhgfbf t he \f ol | owi ng

[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]



general formula [VI]: O-PR X~~~ ~ X - C'I] (wherein R has

nmeani ng as above, and X represents a hal ogen aton). Exanpl es of P 8”Hgﬁwéen
atomfor X in formula [VI] are chlorine, brom ne and iodine atons. The

pol ycondensati on effectively goes on in the presence of a transition

nmet al - based chem cal substance, especially a | owval ance transition

net al - based chem cal substance that is active to organi c hal ogen conpounds
in a reaction node generally known as oxidative addition reaction. The
transition nmetal is preferably a latter-period transition nmetal of G oups 8
to 10 of the Periodic Table. Concretely, it includes , for exanple, iron,

ruthenlun1 obal um Jiridium nickel palladiumand platinum
Especi al | ¥ ngbéT%dmg }WH%QEF9”$H@*WB(“€599HP$ transition nmetal - based

chem cal substance_m viously prepared, or nmay be prepared in situ
by adding a redu rﬁfgmﬁ*dfé? e tﬁ”& ﬁvér?étﬂ | EnEPTEERSY YS9 LRR PRI bRis Y

chenm cal substance and naéw 26 AUG 2003 be directly used in the reaction
as it is. PHenlycrubstHuted gl Gyalorliabaralipl awkaksx, C%@ﬁlm‘fﬂb}olﬁ&ﬂy}dﬁiﬂc

| 'i thi umal um ni um hydride, netal zinc, and hydrazine. Preferably. the anmpunt
of the tr&A8INeorETAeR-al - based chenical substance to bé used is at. least 1
equi val ent to the 2, 7-di hal o-9-oxo-9- phosphafl uorene. However, when the
reaction is effethedkyh ghp pf dsenptéoratlysushitacd aethytigrgumdenk, mogibage even a
catal yti c anmount of the conpound nmay attain the intended object. The

pol yconde hisedri @rbramehed elkel froop edefatablsahavins frvmnper 20, unes, préfefablysfrg@nier al | y
effected at a tenperature falling between -70 and | 80C, preferably between

0 and 150@ 15 cerbeherahd.y,itst banpddsyaonaengatihel) n- oreédd-pobed nk Nsé el yent .
The sol vent includes, for exanple, N, Ndinethylfornmam de,

- hexanet hyt@hbaphm-yhsotrseam /a7 drohdéeptylDRNZRPE  n-REAYL el 6@y dredcidr a4 The
anmount of the solvent to be used in effectlng t he po¥ycondensat|on i's not
speci fi cahlnongegbgd but falls generally between 0.1 and 100 niL, preferably

between 1 and 20 nmL relative to 1 mvl of the starting

2, 7- di hal o- 9- oxor@s @?Q&Qiaﬁ déx%ﬁﬁed}eche eﬁtﬁgalw‘é‘lﬂsﬁﬁﬁéd efblodiRa tf-f)f?iz ation,

nlxture nay be post eat’ed t hrough p e 'known extrusion cé

| Sol at ed. BRATAT T R KOG RR e pr ARt oh e PR AYES. TRY %%‘r I of
;O;nglﬁa{%¥% oxglgﬁiggégﬁ&gﬁ g¥8%3§6$h%!ngd%ﬂgfb$fuP% a solvent fol | owed by
PO sl D e i S L T
ibgvg%} eny g ?38ﬁ§n$1§reeﬁ fﬂiﬂ&gﬁgé%gt nﬁbcar c?r{ e%g{n% aftls gxa?rxrlgles 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_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



8 acid, 1, 3-phenyl enebi sboronic acid) 1, 4-p:.enyl enebisboroic acid,

2- et hyl -1, 4- phenyl enebi sbor oni ¢ acid, 2,5-dinethyl-1,4-pheny|eﬁ%5ié56rgﬂgc
acid, 2,3-dinethyl-1,4-phenyl enebi sboronic acid,

1, 4-di met hyl - 2, 3- phenyl enebi sboroni ¢ aci d,
2,3,5,6-tetranet hyl - 1, 4- phenyl enebi sboroni ¢ aci d,

2, 5-di met hoxy- 1, 4- phenyl enebi sboroni ¢ aci d,

2, 5-di hexyl oxy- 1, 4- ohenyl enebi sbor oni c-a¢i d, and

2,5-bi s(1-met hyl hept yl oxy) -1, 4- phenyl enedi boroni ¢ acid. The amgunt of the
aryIenebiEbﬁﬂg%ié“géﬁﬂnghﬁé“ﬁséﬂ“?g?“*ﬁé‘ﬁﬁF BﬁﬁBﬁééﬁgdﬁwHﬁgggahﬁybetmeen
0.5 and 2 equivalents, preferably between 0.7 and 1.2 equivalents relative

to one eqii®Bi-ent of the 2,7-di hal o-9- oxo-9- phosphaf | uorene to be reacted
with it. The polycondensation rapidly goes on at a preferred rate in the
presence of a palhcatfialileat goystof tardpsasanowatitipdedralsylopal draeh don Bat al yst
may be enpl oyed, but preferred are | owval ence conpl exes. Especially

pr ef er r edprgfesabiy has Bam T onbl, exas pwifedably frérgdnid 1dfcasbonertemar yitphasphdsne or
tertiary phosphite. Al so preferred is an enbodi nent of using a suitable
precur sorart batzyhayy, peencggdivdyyandanpkthy methyidoy geeps.a | ow- val ence_conpl ex in
the reaction system Still-also preferred is an enbodi nent that conprises
m xi ng a conpl eX'trotrfiaxs ngoap t&f tthargptiphsibphitiened phdsphi dreugsfoa Ri gand
with a tertiary phosphine or phosphite to thereby forma | ow val ence

conpl ex  herefergbl s Hehireml 6 @A) mavé peeférablli fadry 6RHAFRAILIG MmH AT Katpldsn t he
reacti on system Various types of tertiary phosphines and tertiary

phosphi t efe phénotts f-Wr X Raphitioryl ﬂﬂﬂldxjaﬁnc%q?llo&?tgﬁﬁfpx in any of these

met hods. Preferred exanples of the ligand Tor use in the reaction are

~triphenyl phosphinge, suglimbany hoet ke PRASPHI el BNyl Ak et Ryl pggggﬁineé6

2

1, 4- bi s(di phenyl phosphi no) but ane, 1, 3-bi s(di"phenyl phosphi no)propane,

{1 phony! “ERaRPog SRUBIGHY MBI B PP GBARIS: o BRI, o IREERRG o
any of 1 He RRous kR s B AR ST R BES iy RO e ™ 10
g : igF'OP gglfalsld .egﬁag%xﬁfﬁcﬁrae ) 1g§+r:ugeg:c§fr§nn@,a 'bzlro%%ing,n}o%i?n%? atE%bept these, any other

di chl 1.5 I ' | | adi [1), | 1 adi | 1 i
e R SHREHRE RS e b st B o e
exanpl es oi hogphi ne or phosphi. fjpoqglexes for use herein are
G et hy | BRSER O BHSSHR ey iaal ailiges eroups.

di met hyl bi s(di phenyl net hyl phosphi ne) pal | adi um i

di met h§| bi SE di ggq %Hg’ﬂ’gﬁ’b@gfﬁsﬁg% g Shbskigatedhpr unsubstituted arylene group, of

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

(et hyl enéyBehs thg apHeEisy BiWeskasi Hepal altft gabon atoms.  Concretely, it includes
tetrakis(tri phenyl phosphi ne) pal | adi um _

bi s(tri cyet-Brawidanghosphi n@ypethylabifmiengaet, 2,5-dimethyl-1,4-phenylene,
dichlorobiséééiphenylphosphine)palIadiunl The amount of the pall adi um

conpl ex tZ3-Benailedd . hpheivterfeal | s bet ween 0. 000085 Arteltr@fetbyll Y-ahemtlene,
preferably between 0.000l and 2 equivalents relative to one equival ent of

t he st ar Zindin®thoxgi hddpbe®yrlanen- 9- phos phafdihmykixgried-pResfl@cabl y, t hand¢oupl i ng
reaction with the palladiumconplex is pronoted by a base. For it, various
t ypes of 2inbisgamethytrepoilgaitcd-pasetensayoupe. used. Their exanples are |ithium
car bonate, sodium carbonate, potassium carbonate, |ithium hydroxide, sodium
hydroxi de, pot aisfarmulyediIoxage [V],i R'hisWhokiogden afdi abpeaiafh Subfditagsi um
acet at e, magnesi um oxi de, cal ci um oxi de, barium hydroxide, trilithium

phosphat alkyt, iysiegikyinaph 0 RRatye grdupl Qeﬁaaqasgﬁwp, PRaS BBk foarliR§l idup! uor i de,
cesium carbonate, alum niumoxide, trinmethyl'am ne, triethylam ne,

N, N, N, N - tetrangt iyl RERN a9 aRl 3 S&mildd SORE ARK1 2 Nfaikyl, aryl Ikyl

di i sopropyl et hyl am ne, N—nethylpiper?gﬁie, B%L@Wc Y, Ayt or araity

2,2, 6, 6- bRALITREOYaalTG LY R RE L1k 4 : -
-104-din%th?lanino%§rﬁg?§e, N- e *@TE@F%&%&F%@Q%Eéﬁﬁﬁﬁﬁﬁ?ﬁdéggékoéﬁa

pot assi Ut Btk QX ' - o be used falls between 1
and |00 e&JﬁVafentséaggé?éggw%gﬂgg%abéﬁI Sgﬁ§§§ﬁ&%I§P %f%%?g€h%%F§ fve to
one equi valent 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
sol vent are N, N-di met hyl f ormam de, hexanet hyl phosphoryl triam de, toluene,
benzene, chloroform tetrahydrofuran and water. For pronoting the

N Y o o o, o - e 0«



bi s(tricycl ohexyl phosphi ne) pal | adi um 98 AUS 2003
tetraki s(tri phenyl phosphi ne) pal | adi um S

di chl orobi s(tri phenyl phosphi ne) pal | adi um

di chl oro(ort hophenant hrol i ne) pal | adi um

di chl or o[ et hyl ene- 1, 2- bi soxazol i ne] pal | adi um and

di chl orobi s(tri phenyl phosphi ne) ni ckel. The anobunt of the transition

met al - based chemi cal substance to be us®d herein falls between 0.00001 and

20 equi VaLfﬂ%&%’tﬁggegf‘gfftﬁ%‘yh%%%dﬁ?”%af&)?39%‘3%%@%!"2 equi val ents relative to one

equi val ent of the starting 0- 9-phosphaf | uorene. Preferably,

the reaction is -pronpted base. Eor it rious types of inorganic or
organi ¢ bases na?nebaglg O&%ﬁ%ﬁ*ﬂé}f?weﬁ?érlhﬂsége%f%%l ?If%(ioﬁﬁf{r@% BOAKCEY 488 um
carbonate, potassium c_)@r bonat e,  sodi um acetate, potassium acetate,

magnesi unt 5B T AR InTOKF B8 CEPINEP Ry Sl n&arion] BYRYI| a peamples are
tributylam ne, N, N, N, N -tetranethyl ethyl enedi am ne, diisopropyl am ne,

di i sopr opFFeeRYAERANE, CHPEYE e ky Prehyisamapexydhmhy Inpi per-i dicpre, or

2,2,6, 6-tetramnet hyl - N-net hyl pi peri dine, pyridine, 4-dinmethylam nopyridine,
and N- et Bytavdrpkebrmd. nThisoantsant teof drhecchamoryoabenyls echaxayydaebdnat,
excessi ve over the reactants, but generally falls between 1 and |00

equi val ent-ssptpxyshgoapl, y-dettxwesho2yl and 22@weguirbahdkeupsel ative to the
starting 2, 7-di hal o-9-0xo0-9-phosphaf| uorene. The anmount of the olefin to be
used for starti ®jntdydbonéactriyorurbe dfthe spéaisfié 68dhk Yogefii ned, but, in
general, it is preferably at least 0.5 equivalents, nore preferably from
26 Aug 2003 - 13G‘h95~pt)©'11%0 eﬂl“ mm S [[[H:l atﬂn&ﬁ tge produced through

2, 7- di hal o0- 9- oxo- 9- phosphaf | uoene for realizing a higher degree of

- pol yner i zehhiorpol Weedersi@ologf 2, 7-8iHaRSQOUS-9aihokARMbRIBES RIKY Sotldwife =
pressure shall be determ ned depending on the solubility and the reactivity
of the gasaeupf@hafdvi:but in general, it may fall between 0.1 and 100
at nospheres, preferably between 0.5 and 10 atnospheres., The reaction may
be effected at various ter'rperature? b i's generally effected at a
tenperature falling between -70 an *1@3% preferably between 0 and 150C.
Preferably, the reaction is effeeted im_agsol vent. Exanples of the sol vent
are N, N-di net hyl f or mam de, X3 | p Roty triam de, xylene, toluene,
benzene, tetrahydrofuran, and o For pronoti t he

pol ycondensation, the anmount of the solvént to be used tS™-not specifically
defined, /b eperally falls between 0.1 and 100 , .preferably between 0.3
and 10 Rt Fafns Ve imeingf 4 REN it Ripresenty hatbges 00

2, 7- di hal 0- 9- oxg- 9- phosphaf] yor ene. en,the base used herein js liquid,
i'ts amount may @ém? S8£5§s{§$19%en0?}8¥‘v¥1%§(ﬁ% mﬁ%" ﬁoar?ﬁgltonﬁlﬁeb@%é’é‘“ss
liquid base.nay serve as a solvent for the reaction. This is al so another
pr ef erreﬁn‘iwgﬂ%‘?%ﬁ of the invention. After the reaction, the reaction

m xture may bev\gost -treated through per-se known extrusion crystallization,
filtration or waBhibRycondemsifrresiicciivalyt meesr emdn itbp mresder of rayrapstioeadi | y

i solated and purified through reprecipitation or the |like. The starting
conpoundeal-pagidh shenaabsybsayiso sysheditlizo endowonfrmgn diraasiticme mytdehastd on

met hod of the invention is obtained by hal ogenating a

9- 0x0- 9- phwssiptafubgonemthabis aéfevef ol duganinchafperera@imfoanduima [reXdtion(wbér ei n R
has the same neani ng as above), with a hal ogen nol ecul e. 26 Aug 2003

- 14For t bencrabicknowm appeidetiab hdditise deactom| Beulrarsitidl ortanés phifeabiper or

i odi-ne. The anmount of the hal ogen nolecule to be used nust be at |east 2
equi val ehttsr-paiat irasition hbial 8f Gxexd-Phosphatioupsent: ohbkor tdhaefelpdic  but
may be excess over it. The reaction effectively goes on in the presence of
a Lew s aeldesaforleyahpleThen, kewesivat icBbaatiddgh, MRYuREaRY, QMadesn&@l |y
used in aromatic el ectrophilic substitution. Concretely, it includes, for
exanpl e, piatintithNi BEHEHI9N pleurredl UMhRUM Bie.de aléﬁc%ntrgfﬁlktﬂﬁ tal 3Gk Ant i mony
chloride. Metals that are the precursors for them may al so be used,

i ncl udi nghenfi@f sﬁ%@ﬂ%la‘?nayr%tﬁ%vi@hﬂgi[pfﬁg)ﬁ%@dggﬂﬁngﬁ%%{ép%ﬁ'i{l_-gﬁﬁ bgga@]ﬁt, LOf the

catal yst to be used may be ‘at | ea ative € starting
9- 0x0- 9- f 0L iyt I y.be.a,catal yti c.anmunt

t her eof 1{32\?&%‘? i’%#g(éltg m?%}%%t‘{a%%. lIt%nes[lJrlgegaf(]?te ?%%a rggyChﬁgmé’% Flzbé eﬁpd V&Fi ous
tenperatures, but is generally effected at a tenperature falling between
-70 and |1 80C, preferably between 0 and 150C.




No solvent may be used in the reaction. However, when the starting ,,,.

9- 0x0- 9- phosphafl uorene is solid, it nmay be dissolved in a sol vent . ~Ear2ilhe
solvent, for exanple, preferred are hal ogenohydrocarbons; carboxylic acids
such as acetic acid; carbon disulfide; and aromatic vitro conpounds such as
ni trobenzene. The product nmay be readily isolated and purified in any

ordi nary manner, for exanple, through recrystallization or chromatography.
2, 7- Di hal 0- 9- oxo- 9- phosphaf | uorene comyounds of fornula [VI] are novel
conpounds, not discl.osed in any literatyre. The pol yner of the invention
can be f oPfrats! tBbefiHPnt“‘fi‘?‘}‘ré‘(’?‘/n‘sa‘h;‘r‘si'ﬁ’ﬁl ‘é?dk}\ﬁ}l%iaﬁ%%tléﬁlﬁﬁ?fqﬁ%‘ B

exanpl e, se&n oa%ing or. casting,. and it is useful as a conponent of
organi ¢t GNP DPIhYEG HEE RPN MeRgEds. mrlg!l grgamddyPiMnGes fehradyenent s.
26 Aug 2003 -15fhe invention is described nore concretely with reference to
the fol | otk rignameh e ties tranghiih mepdnhasedr chegrieal gbstirmeeiadiead vied s e tleaset t he
scope of the invention. EXAMPLES Exanple |: |n a nitrogen atnosphere,

0. 336 g (gquivalendiiesyhect,70itg{ar99xoyeplosphattiiossns) nHokelver, Ovl2n he whction is

|, 5-cycl ooctadiene, 0.200 g (1.3 mmls) of a,a -dipyridyl, and 0.484 g (1.0
ol ) of dfettadi ibrtbnpreSentomy lsudh oxakPinghgsphatihyervene chnfytikanruhac] Me] wher e
Ris n-nonyl group and X is bromne) were added to 20 nL of

N, N- di et tophgomndarniy deainahelirtéided edjesnder heat at 60C for 48 hours. The
reaction m xture was poured into 100 nL of 0.5 Mdiluted hydrochloric acid,
and t he resultiﬁgmppwgaﬁKMﬂQMbﬁkﬁﬂyO&icﬁﬁ%ﬁﬂgbtRhﬁbﬁﬁ&&ﬁ?aﬂﬁ&%,ﬂﬂMd@r was
washed with 50 nL of water, then dissolved in 5 nL of chloroform and

repreci pi geabRdly ieffed@atttefipeRirB #0he bOWeBR RPN FOPEL SrefrAdpbéweth §1 Ml s
i.n ternms of the nononmer unit) of a polynmer having repeating units of a

9- nonyl - S5@608%= phosphaf | uorene-2, 7-diyl group (of formula [I1l] where Ris
nonyl group). Thus obtai ned, the polyner is a novel conpound not disclosed

X it t t i t GPC
in any literatupgrGahcuha c‘foﬁe%gu 90:98% Cf,\%g;%%g 8812%@!‘?9‘5?@ &t (

met hod), its nunber-averag ar weli ght

vei ght - avgriage npleg 1ew%,wla%4$@%§oga,ggi%é S DR SRAGASsBhorI L @iafiDg,

el enentary anaf ysi s data are ne W.

(o br s) 3 gty o Gyt "8 Sy gt B Wi by aped i 7

" A B ST B D AT st
2.22. Ex le,2: -16 In.t sane nne s jn Exanple |, obtained was 0.251
g (0.81 rhoPdd TR0 il it B B m LA ay dlatve b },rmmﬁabﬂwgst@’aﬁ%at i ng
uni ts of - (2-octyl)-9-ox0-9- phosphafl uorene-2, 7-diyl group (of formula
[111] mhéf%3#§ﬁ§'9¥'€ﬂ§Ps BYnesf or whi ch, however, used was 0.470 g (1.0
mml ) of 2, 7-di bronp-9-(2-octyl)-9-o0xo0-9-phosphafl uoene (of fornula [VI]
where Ris 2- oct‘ﬁ‘lef dreotspctinm tg’@ FeAChHe FuKNBYe npfypbegpestdfeated through per-se

2, 7-di br onp- 9- nony| - 9- oxo- 9- phosphaf | uoene i n Exanple 1. Thus obtained, the
pol yrer  k&own rxjaibion obfiye alication, lﬁtr@@tprosaedwaahi@wyviﬁ wateat and thCatasudmt ed
t'hrough gel perneation chromat ography nmethod (GPC) nethod, its

nunber - awerdgemap bematdy ispkatehandyasifR38SiEroagurdpreimitightor thedikege nol ecul ar
wei ght was 4679. Its NVR spectral data and el enentary anal ysis data are
ment i oned bel owlhe polymer of formula [IV] may be produced by dissolving the

| H NVR( CDC13) : b0. 84(3H, brs), 1. 24(9H, brs), 1. 50(1 H, brs), 1. 72(2H, brs), 1. 92( 1 H,
brs), 2.3#-dibalbrSdxoroPhéditatineknd. 66 (RBhnbias ) VIB-R- MVRoEREL 3plloBed. 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



El ementary Analysis: Calculated as n = 10 (CzooHz3WPi oBr): C, 75! 83ALH, 2003
7.3l Br, 2.5l. Found: C, 75.23; H 7.45; Br, 2.54. Exanple 3: In the sane
ma~mer as in Exanple 1, obtained was 0.99 g (0.38 mmmols in terns of the
nononmer unit) of a polynmer having repeating units of a 2 i~ ~~lta 203

-1 79- propyl - 9- oxo- 9- phosphat | uorene-2, 7-diyl group (of fornmula [II]] where
| is n-propyl group), for which, however, used was 0.200 g (0.50 nmol) of

2, 7- di br onp- 9- pr opyl - 9- oxo- 9- phosphaf | tihene (of fornula [VI] where Ris
n-propyl gr,gup anldf pBenc}lenegpbwew}nc n pla% GE of 1él;(pi-‘.envien?bisbomL acid,

2, 7- di br ofib-9- non osphaf | i6ene in an sed were

PRI dleﬁmwﬁé)ph%ﬁyib' é%%% ECZ%@CB%% %Q?ﬁ@?'lﬁ%vﬂyaﬂfbl*boaiO% Agidog
N oot oneq S %ﬂl oy aeﬁ%o‘%‘érﬂ%gglseﬁﬁrcﬁ T2 Sy BBt e A o virer

is a hydrate. The nunber-average npol ecul ar wei ght of the polyner cal cul ated
t hr ough e?éﬁ%@f%ﬁ%m%m%ﬂy%P@ﬂV#§e@f%UOHWhe NMR spectral data and ef8fentary
anaIyS|s data of the ymer are nentioned bel ow.

" H NVR( co@SgélnveﬂﬁO@s(lzﬁpm}e@b@mrmcbﬁcsf; 1.5e8 oy lews) .4 phegylongbisberonie, 74( 4H,
brs), 8.04(2H,brs). 3'P-NVR(CDC13):843.5. Elenentary Analysis: Calcul ated
as n = 12aqd BdE=-8bclampctBiiepty®)xyo1.BohenylerBdipgronoamd: C, 68.05; H, 5.72.
Exanple 4: In a nitrogen atnosphere, a mxture of 0.012 g (0.010 mml) of
t et r aki s(t ri pherfigdospiiofepaylkaabishori) acid toBd ugpd(for hemwicpndensation
2, 7-di br ono- 9- nonyl - 9- oxo- 9- phosphafl uorene (of formula [VI] where Ris

‘n-nonyl gmaydaldrigtwedns0.brandi heduiviledS,7 pgfdratily Gbetwedn) 0.Gfand 1.2 equivalents

- 2, 5-di hexyl oxy- 1, 4- phenyl enedi boroni ¢ acid, 2.0 g of tripotassium phosphate
and 10 mrenftivbltdlotlé BghikybhooiTasD Jedihals- hewd- @chosphaflugrehe t@b&fFacted ivath, ~

12~C. and stirred for 48 hours at the tenperature. The reaction m xture was
pourc<l ipto 100 nL of water, and the resulting powder was taken out
through filtration. The powder was washed with 50 nL of water, then

di ssolved in 5 nthe"ﬁol%n@é&%@éﬂ@ap@dw gb@@é@ﬁi :Pblée@éﬁéji tafe in0fe Ples@icerBEtahanol

to thereby i sol ate 0.495 mmols in terns of the nononmer' unit) of a
pol ymer NayiaAfhnk Bat b%‘ﬁ%ﬁ@ Hgﬂ@l’)k paltQkGh TaRAS RS URERBRAZ bl di Y]
group an ag 5- d?h@gyloxy 4 phenyl ene group ( gfﬂgornglg ]ﬁ&& where Ris

nonyl gro fe?l%q A 10& Galicd! (Q) %}%;éy dlﬁgp‘% pahlg dﬁfﬂe?ﬁl%dg&%@-)valeﬂ-p%ﬁl%a i ned,

the poly I's a novel conpoun inany literature culated

th h h t

nunber - aS’WlerthEﬁ R o SR REARRR O oy B A ST R srkelted s dtecu a
ht . | cul at d h h el t

ﬁgigculg?s HV%E“%%%%'%W?élhﬁégg % gFgmgre]ﬁ %ﬁysﬁaﬁgﬁ@é?vf%ﬁ%|y5|s

data are ntloned bek

" H- NVR( %Yalﬁ%fez?@{“@ XHPé‘)‘effa%’%’(‘l%ﬁeﬁlr s), 1. 64(12H brs), 1. 77(2H, brs), 4. 02( 4
H, brs), 7.10(2H,m 84-7. 3- 7. 93 2H, m, 8. 09(2H, d, J
31P- NVR( CDd 3) : %llbaISE|péﬁ¥eﬁ% fsya%ﬁla‘; ment é%i’i COMBFSH BHEIRE af@mp?ex het
"(C828H~14040P14Br2) C, 76.45; H, 8.68; Br, 93. .Found:. C, 76.61; H, 8.83;
Br, 2.20.hawagnp tertgry |nhopmiune SrPheEMREr 298 ilgﬁnéx‘é(ﬁbl%twla’éfbtﬂa‘?sﬁ@d'emﬁs 0. 460
g (0 89 Mol s in terns of the nononer unit) of a polyner having in the
backbone Bhosplieotoothsteby plren-olgr-splgndd ewpelae-Rvingdiugh aglisand -eng tegtiary
2, 5-di hexyl oxy- 1, 4- phenyl ene ~~roup (of fornula [IV] where Ris propyl
group andehspliige 2r Phdjphex yih dhey rebctorp Rgstyrh.e n¥ atiperupypes ﬁﬁﬁemmthSMV@ver
used was 0.400 g (LO mml) of 2 ti ALIT ?7p9 -19
2, 7- di br card- @xtiacg-thopplosp hoe - Befut dpy lthd bigmeh of (gwodf m”fnmdyalr{ ¥hy ofihibese R i s
n- propyl group and X is bromne) in place of
2, 7- di br aneth®dsnonyl - 9- oxo- 9- phosphaf | uorene. Thus obtained, the polyner is
a novel conpound not disclosed in any literature. Calculated through GPC
met hod, the nuniresfeaveragapiml o€ uharligapd gt @ ihehd HEag@hubleetrehylof t he
pol ymer was 6230 and the wei ght-average nol ecul ar wei ght thereof was 8980.
Cal cul at gshobpHiRelgh ebpmeRiiakihyRnal Ysiosphihdle NEpReryRiigetydr Weplhdphiaé, t he
pol ymer was 9090. The N spectral data and el enentary anal ysis data of the
pol yner ar - henylphosphino) ro ane,
D VR o S Bphe 87(6H, %rs) 8283 (3H brs), 1. 37020 breS PRI IR G 13( 21
brs),3.98(4H, br~), 6.98(2H,s),7.87(4H m, 8.09(2H, d, J=B. OHz) . 31P
~C, DA 3)a~14.~. Elem'e' ~n'tYary Analysis: Calculated as n = 14
(CQ-~H58~043P~SBr2): C, 74.94; H, 7.73; Br, 2.10. Found: C, 74.73; H, 7.88;
Br, 1.76. Exanple 6: In the same nmanner as in Exanple 4, obtained was 0.319
g (0.80 mol in ternms of the- nononer unit) of a polyner having in the
backbone a 9 nonyl 9 0X0- 9 phosphafluorene 2 7- d|yI group and a

A -



the wei ~~ht -average nol ecul <u- wei ~~ht thereof was 2380. Cal cul ayed At gei[ﬁh
el enentary anal ysis, the nean nol ecul ar wei ght of the pol ynmer was 4090. e
NMR spectral data and el enmentary anal ysis data of the polynmer are nentioned
bel ow.

1H NVR(CDC 3) : 80.83(31-1,brs), 1. 20(10H, brs), 1. 61(2H, brs), 2. 15(2H, brs), 7. 47(
2H M, 7.65-7.87(6H m,8.14(2H, m. 31P-~(C~13):(~13.9. Elenentary Analysis:
Cal culated as n = 9 (Czy, Hz86010PloBrz)2- C, 77.55; H, 7.05; Br, 3.91.

Found: C, ,77..37; H_ (.10 Br. 3 98 EXx e .7: 0, 001 (0. 01 of

IZ bz%(éltlpeh,ehél.paa%alhmé))f(abl%aeég, [nnl%)m%rcl)f pl%Ob‘JhltC_. di%ylg'l i}%gblhﬁ%ﬁg)ﬂgl

pal | adi um acet mo r-o-to 43 nL

f tri-n-hut 1 0. 235 0. 50 | f ) . L

o 7 G b oGRSk B Fg e DteBRu TRt @iy PPoPhUP PR S Wi e R i s
2-octyl oup and X.is, bromne).and 0.5 nlL.of N, N-di net hyl forpam de were
put o ergu?lﬁsc%)é@oqr.ﬂ%ﬁ@%@&@%ﬁha@ygﬁ i R BEIRIER gy melude,

nor mal - pressure ethyl ene reactor, via which it was charged w th ethyl ene.
Then, theb¥l aBet r dgdiedr s WiFEgazylKleasacsionelpatialivin. 1288wy | pE@Bnt ent s
were stirred under heat for 48 hours. The reaction m xture was poured into
100 nL of dighlsramdb¢nsorigrileypatladinmer i ¢ acidichlenadl.?keclpesadienappilsengs).was
taken out through filtration. The powder was washed with 50 niL of water,

t hen di sspalladm(fl) 5 bishewaflupnopantiodionatan damde p paltadpini(@l) e cbispenfapedipnatef

di ethyl ether to thereby isolate 0.077 g (0.23 mol in terns of the nononer
uni t) of Breftednexamples ngf r@pepltinggomurphosplofe aomplexes for use herein are

9- (2-octyl)-9-o0x0-9-phosphaf | uoene-2, 7-diyl group and a vi nyl ene group (of
formul a [dfnedtydie(tiplicayPhosphyie)galladimn, Thus obtai ned, the polyner is a
novel compound not disclosed in any literature. Cal cul ated through gel

per neat i odimeth®/ 18k ighenyimétieiphodpliine padddgnaphy. the number-average

nol ecul ar wei ght of the polyner was |560 and t he wei ght-average nol ecul ar

wei ght t hahreeyiMme@in&aPphedsishditneperidiah, data and el ementary anal ysis

data of the polyner are nentioned bel ow

~H NVR : ; ' : : . 86( I FI
Ty G RS EREPhind A o B phofHiadplletiund Do
Anal ysi s: ALk .= 3P H, : A4 9 Found:
g

0.112;; j : it f I havi
\rNgf)eati nédlgl%élggﬁg?ggglj&?%rSB@P%?%(%@@%$28$¥ | ﬂglre%e?z, ?- 8?nym;ougviazg a
vinyl ene group (ﬁeﬁk%égyéﬁbé%%ﬁ%%yﬁ i[e% t(r)] Bgagéayﬁergﬁ%ig)bet\}cvgern d/‘ﬂ%db'f’

however, used was

2, 7-di bromg- 9 pro - 9- ox0z 9-phqgsphaf | yorene (,of forml ] where Ris
n- propyl %OZ% eEQHg}%E:n?sS Q}ﬁ%mb&é%eﬁﬁee& Q@gﬁgfan% E equlv%en S [ré{a‘lwe to one
2, 7-di brono: 9: (2-octyl ) -9-0x0-9- phos flJuorene in Exanple 7. Thus
obt ai ned,eqﬂ‘h‘@leﬁ%f’g'&?ﬁFt%‘%ngaﬂﬁ%ﬁgiﬂ?%gﬁ‘ﬂﬂﬂpsﬁg?jﬂWW%ed in any literature.
Its IR absorptignmetry. confirned that the polynmer is a hydrate. Cal cul ated
through el ement f@f%ﬁmﬁq %qupilﬂ%r%ﬁﬁ%m@\;g?g AN SOTPEX R YREEGOYt he
pol ymer was 2410. The NWR spectral data and el enentary analysis data of the
pol ymer & fasgenticpibgvasepgwypes of inorganic or organic bases may be used. Their
~H- NVR( CDC13) : 80. 99( 3l -1, brs), 1. 35(2H, brs), 1. 76(2H, brs), 2. 14(2H, m , 7. 23( 2l -
1,s), zxgmpley agofthipp garhgnage,0a¢BrnnFarborge, NpREEDEN3yarbgmts. litiekent ary
Anal ysis: Calculated as n=7 (C 3,,H,;~0O ~PABrz): C, 66.84; H, 5.6l

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,  diisopropytamine,  diisopropylethylamine,

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



L=

obtained was 0.114 g (0.40 mol in terns of the nononer unit) of a pol
havi ng repeating units of a 9-propyl -9-oxo-9-phosphafl uorene-2, 7-di yl 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-dinethylformam de in Exanple 8.
Thus obtained, the polyner is a novel conpound not disclosed in any
literature. Its IR absorptionetry conf}9med that the polyner is a hydrate.

Cal cul at edathsavghnelerentar M-aaal v ?helfn@e DUTRET 2@V EHATELADECU @n wei ght
of the polymer was 3260. The NWR spectral data and el ementary anal ysis data

of the p t
| H- NVR( C%I&S% R dﬁ?@gfp%&%ﬁﬁe B 25 SPGBy ! 0 GHNE S S0 21, )

= 37(?;%%%@&%%’5259%5 Dy e B e AR e T

Exarrpl e 2312.3 nL of brom ne Was added to a m xture
.58 g ( 47§ﬁf?ﬁ%§)°x8fzd @%ygatgloﬁ?ﬂ%pha 9-propyl fl uorene (of formula [IX]

where Ris n-p yl gr.oup nd 2 (4.35 mol ) of iron powder within a
period of 30 ni g@?égagwﬁﬂé‘zaé’aq ﬁfg‘ﬂeér?&é{?n%é?m%qfa@?@ P is geneklyediectee
reaction mxture was_mxed with 500 nL of water, and . extracted with 500
nL of chlaéﬁéffIBPff?ﬁﬁwlﬂgsbﬂW?%mﬁP@rl&@&M@W?H@WMMQ @ith 200 ni
of saturated sodiumthiosulfate. Then, this was dried with rmagnesi um

sul fate anhydr i delerahly, dherrgastionas effectahin ¢ hadvenss uExampies of thd sakyent arc
recrystallized fromnethanol to thereby isolate 6.32 g (15.8 nmol) of

2, 7- di br d¥d-dunsiieyl Hrphwsisha- dexpmmthilphasphank (tofhmfde nukdudny | neere, R i s
n- propyl group). Thus obtai ned, the conpound was a col orl ess tabul ar

- crystal, chhdofosma tctcnkeﬂrorfmracpoarrw watdr. diFec| psadting thnpolycoedabatie, thes | R
and NVR spectral data, nelting point and el enentary analysis data are

ment i onedmiveinowf the solvent to be used is not specifically defined, but generally falls between

| RCKBr) : 2956. 3, 2933. 2, 2875. 3, 1456. 0, 1394. 3, 1174. 4, 1072. 2, 817. 7crri'

~H NVR( CDAIl 33d 300 X, rleferably batvekn 1. &G 10 83( 2Has & 04nmolldf ﬁié’,sﬁartm- .61
(2H,dd, J=I .9, 8.3Hz), 7. 71 (2H, dd, J=0.6, 8. 3H), 7. 92(2H dd, J=1.6, 9. 2

" 3C- NVR( mﬁmosg,ax@@% hhsdieBbizhe 15. 9(d, J=3. SHz) , 32. 3(d, J=69. 7Hz)
122. 8(d, J=10. 1 Hz), 123. 6(d, J=13. 7Hz), 132. 4(d, J=10. 3 Hz), 134. 0(d, J=98. 4Hz) ,

136. 3(d, J=I . IHZ ©fibBhfdcdo?. tﬁ@'f@cuoé%'ﬂxhﬂ}@&%@ ot42ared tﬂ}o%gh per-se
226.0-226.4C. El enentary Analysis: Calcul ated as SH 30PBr2: °C,~ 45.04; H,

3.28. Fo%ﬂgwncéxtﬂléwg%ryﬁaﬂéa B ng?{lll &t wésheu)% @m? 1xivaté>r Enqe ﬂ?eoieacgzlnl n the

same manner as in Exanple 9 was |

nonyl” o Suasy ALY évﬁ%ﬂﬁﬁ‘i’S%%ﬁ%%??ﬁ’%ﬂseéﬁmgﬂ%%@ LG oL ek ]hk%‘)"eéfe e
?nngr.glzego?xg gxfé@g’% hosp a pro Flﬁa&ngeﬁéédUQdE@%&epf o e&é“&g{g?ﬁ%,
é.: gcigg’éﬁe P Ergﬂ'ﬁw %ﬁéffﬁioastgfgf%h&{?ﬁ rﬂ%@b-e | Ovaif%ﬁrmr&aw Wghypqipund, no
| R(I CBr )} Y g@b‘?@%@@%’@%i@ﬁ% ‘géiggﬁilm 4,1089. 6, 821. Scrri ~.

IH—NIVR(CDCIS) b0.86(3H,t, J=6. 7Hz), 1. 21-1. 27(IO—| m, 1. 28-1. 33(2H, n‘)

1.47-1.53(2H, M, 2. 03-2.13(2H, m, 76

(2H, dd, J=2. 3, 8. OHz), 7. 70( 2H, dd, J=0. 7.92(2H,dd, J=1.5,9. 2Hz) .

t 3C NI\/R(CDCI 3):b14.1,21.9(d, J=18. 9Hz) 28.9, 29. 2. 29{‘811@0 0(d, J=69. 8Hz),

. 30.8(d, J=15. SHz 3181228(dJ101'

Hz) , 123. (herga 18 haHhy saipe mppding23 6bate)) |

134.0(d, J=98. 6Hz), 136. 5(d, J=1. 8Hz), 139. 0(d, J=19. SHz) . 3~P- NVMR(CDC13): 542. 5.
The polycondensation _efﬁciently goes on in the presence of a transition

Found: C, 66.96; H, 6.05. Exanple 9: In the sane manner as in Exarﬁ)iaeq“ @33
yme

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



mp.: 95.0-96.0C. Elenmentary Analysis: Calculated as Cz, HZ50PBr2: C, 52.09;
H 5.20 Found: C, 52.21; H, 5.11 Exanple 12: In the same nmanner as EnAlS 2003
Exanpl e 10, obtained was 5.35 g (11.4 mmol) of

2, 7-di bronp-9- (2-octyl)-9-o0x0-9-phosphaf | uoene (of formula [VI] where. Ris
2-octyl group), for which, however, used was 7.59 g (24.3 mmol) of 2 ~~ ~
' "~ 2003 -25 9-(2-octyl)-9-o0x0-9-phosphat| uorene (of formula [I X~ where R
is 2-octyl ~~roup) in place of 9-oxo-9:=phospha-9-propylfluorene in Example

10. Thus obt ai ned, the conpound was a colorless gcicular grystal , and is a
novel | conBOURT Rt CUrSEN HoBa HaRy E: Fkar dra. PR arder SBEEt al

dat a, nelting_goint_gpd el enentary anal ysis data are nentioned bel ow

| R(KBr ) : 28805160 gl pasegoohemioa) sbspanegd 501 gusg 1psei maygly pregpysiggyppared

~H NMR( CDC13) : 80. 84(3H,t,J=6. OHz), 1. 00( 3H, dd, J=6.9, 18. 9Hz), 1. 21 (BH, brs),
1, 43- 1. 46009 H,A‘@a}'tlt,r();qjtg_gtlg@preieq:q:,dﬂf apot g_eznl:g)qj(mq_nt of using a suitable precursor
Hm,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) .
23C- NVR( Cogiadle @&f being tepddy 200612 18027 lo5y-2@e@e3t1arGitR®. Bed]-hased chigmical
122.8(d, J=9. 8Hz), 123. 5(dd, J=4. 0, 13. 3Hz), 132. 8(dd, J=9. 9, 16. 9Hz) ,

I'32. 9( dd, Jul@ginZe xih8HizdctioB 6y Berh39 T8¢ ddnpdtidil nBfal BaBidzohemical substances that
32P-NVR(CDCl 3):849.2. mp.: 84.4-85.2C. Elenentary Analysis: Calcul ated as
CzoHz 30PBaz: us€d ibthdBiveMjordindshy érabiime, of50siB® theHprebiohdyfpxgrpddeork3or | n t he
same manner as in Exanple 1, obtained was 0.229 g (0.74 mml in terns of

t he nonomesing Aipkdcutior af telcympbuitatepr cepaple] sighplodubstadlesdf metal such as

9- (3- et hyl hexyl) - 9- oxo- 9- phosphaf |l uorene-2, 7-diyl group (of formula [II11]
where R i fegd @blivibd eneydls 841800 by ab@vat¥hblthcoad oneéaike; BSE et Salty ¢t letdl (1. 0
mol ) of 2,7-dibronn-9-(3-ethyrhexyl)-9-oxo-9-phospﬁafluoene (of fornula
[VIT wher é‘orﬁglleﬁes with varids tfped & Bedn®t HLREXY ForAlise WRredh Sre-cdfhplexe§ witham ne)
in place of 2,7-di brono-9-nonyl - 9- oxo- 9- phosphat 7uoene in Exanple 1. Thus
obt ai ned, ; : i ; ; o ' | ature.’
Cal cul ot o e s e P Rl 1 s

nunber - av xulia I - ' .aVv cul ar
wel oht et aas, CESITERELTRL Wegupd ot i PrRCLPIIGE EARE SOuR

| H NVR(C : : , .4 .. 33( brs),1.67(1

o brs) 2, SErb et ek bR belod B R o0ci3) - 8aa. 1.
Example 14 (reaction with catal ytic .amoynt of N. salt/zine): In.a nitrogen
at mosphere, 0. OOIEREeT ORI hE JFERE cles senimb e Asigoss Jitshol 20
mrol ) of a,a' -dipyridyl, 0,003l 0.50 mmol.). of, zin owder , 0,.00627 g
(0. 155 mioprifies” Sirtt iR b. bipbits: oRbeer Biifal BrEAE (BRETE R o
N ot S pbPome A SR B a5, 5 B P ghormr e
chlorotrinethylsilane, and stirred under heat at |00C for 48 hours. The
reaction hi edhgadphesphuweieroesney simethyh phasnhitced tHphensk hpBesplitaci d,
and the resulting powder was taken out through filtration. The powder was
washed widimetiyl mgeluflpmp@qouﬁ,rfbmeaiyé suithpdphdsphinowt. edfylerist b? bisoragoliand
reprecipitated in 10 nL of nmethanol to thereby obtain 33 ng (0.108 nmol in
terms of dipkenyiphosgnneméthylogdzcdinpaiyyidere, haldipyridgpesd oty phenanghroline

9- nonyl - 9- oxo- 9- phosphaf | uorene-2, 7-di yl skeleton (of forrmula [I1I] where R
i s nonyl group) .Pré@atredleasmplcs lof oy ra@@umetelrd diompoanduwbeh-iawsed gethe

nol ecul ar wei ght of the polymer was 2730 and the wei ght-average nol ecul ar
wei ght t heveoionves FéRi0usly-pleffared, dre; or iADBBS form of its precursor, include, but are

not limited to, palladium powder, activated charcoal—canied palladium,
bis(dibenzylideneacetone)palladium,  palladium  chloride, palladium acetate,
dichlorobis(benzonitrile)palladium, dichloro(1,5-cyclooctadiene)palladium(Il),
palladium(II) bishexafluoropentanedionate, palladium(II) bispentanedionate,

dimethylbis(triphenylphosphine)palladium,



-z7 Lsanpte 1 ~: In the sane manner as in Exanple 4; obtained was% ﬁ 264 %
(0.47 nnnol in ternms of the nononmer unit) of a polymer having in ehvs 2003
backbone a 9-(2-octyl)-9-o0xo0-9-phosphafl uorene-2,7-diyl group and a

2, 5-di hexyl oxy-1, 4- phenyl ene group (of formula [IV] where Ris 2-octyl
group and Ar is 2,5-di hexyl oxy-1, 4-phenyl ene group), for which, however,
used was 0.235 g (0.50 mmol ) of

2, 7-di bronp-9-(2-octyl)-9-o0xo0-9-phosphafiuorene (of fornmula [VI] where Ris

2-octyl grou d i S _bromn .0 place of 2,7-dibronp-9-nonyl-9-o0x0-g
phosphaf | 831?%@{}}5&%@“5%%%?&%%1“ﬁ cé“d‘l&%‘r“e 0. 0058 g (0.0050 mml) of

tetrakis(tri yl pho i ne | 1 adi u . 184 g (0.50 mmol ) of

2, 5-di hex§1" Eﬁ%%ﬁﬁlﬁﬁ%h&l&égﬁw%ﬁ?@‘a@i% 1.0 g of tripotassium phosphate
and 5 nL of N, N-di net h?/l formam de. Thus obtained, the polynmer is a novel
conpound ABrethyEs(tpedyphasphiRepalladi®-ur e. Cal cul ated t hrough GPC met hod,

t he nunber-average nol ecul ar wei ght of the Pol_ymer was 19400 and the

wei ght - avéimagjeylhbl dus(Hipheridphyliphipadpisesenapatladomo. Cal cul at ed t hr ough

el ementary anal ysis, the nmean nol ecul ar wei ght of the polyner was 13400.
The NVR spgetthel] 1. ¢rbtsédiphahythespineabytapelphlaiiemdat a of the pol ymer are

ment i oned bel ow.

1H- NVR( CDELIBylei80bisIiSenplpdpsphigfgaldduan, ) =6 tdiykd:(triphgyigh@pling)palladium,

BH, brs), 1. 73(7H,n), 2.00(1

H, brs), 2. B3(takydisisxy Rhogihdid)mila)iuth, 09 ( 2 Hlishlpib8FitDhemlphtsphig@idaigdi8n04( 2H, m
). 3'P-NVR(CDC 3):851.3. Elenentary Analysis: Calculated as n = 22 (C8; 6Hi
~4, 06~Pz 3BicR)oro(Crthdfhe84nthtd]lin8)paBadiin, dichlGo[cBoleid:1,GhiséRadBinedall@lien; Br,

1. 20. 2 57r"];;u 2903 -28 Exanple 16: In the sanme manner as in Exanple
10, obt ai peddisaisrdbistiriphen sphigliokef

2, 7-di brono- 9- ( 3- et%yli)hex}gﬁﬁ g 0Xx0- 9- phosphal ' 7uoene (of formula [VI) where
R i's 3-ethyl hexyfhgh@ht of ¥e Wahsilon HAMENEIsed UHEHicMRSubsdtarRe Go( ¥d ubedmol )

of - 9-(3-ethyl hexyl)-9-o0x0-9-phosphafl uorene (of formula [1X] where Ris
3- et hyl heyylj, fdiusme%&@enot).ogowgn@d@heaﬂme&g,%@&y@w UREGOS ?.00@%@@ 10.

Thus obtal ned, the conpound was a col orless acicular crystal, and is a

novel coI qq}%gﬁerﬂgt din%%{ig%ed itéé'aanyOﬂei ter gliffend tS bR ang,dWM Fséﬂ?r%el g ral

data, ne poi nt an enentary anal ysis data are nentioned b

| RCKBr) : 2958,.3. 6 42 4,1390. 4,1184.1, 1085. 7,817. 7crri ~.
1H( NI\/rR% CD%éﬁﬁ?ﬁ’éé%z 3?@?‘?53’}:‘%“‘5@& .83(3H,t,J=7.OHz), 1.12-1. l?(fllr—L”rr),
1.28-1.32(2H, M ,p) »37-1. 43(2H. M, 1.65-1.71.(1 H.m2.01-2. 13( 2H,

7 ao( 2k - o=p) ety B2 ERk i By vl e Tad) 2 g3t 18, st Phas o1

' 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. zﬂfyg,%lﬁ % (e dases iy ?Eé‘.se'f‘(('d, _fcﬁxsilﬁ’ie,s ape Taign g?f,bﬁ‘?g‘? SF@%{ SHz) ,
132.5(d, J=10. 4Hz), 134. 5(dd, J=15. 5,_97.'3%2&2 , 136. 2, 138. Q&dd, J=3.1,19. 7Hz]j .
3~P- NVR( CEEP @)ty aptapsiupy garbonptey sedijigyagste,cpolassiih AP iR 198RS RS at ed
as CZOHz30PBrz: C, 51,09; H, 4.93. Found: C, 50.86; H 5.14. Exanple 17:
The sol ubfal$iH5R (1 ngxist yner /Mimethyéspipent ) oftiethElapwis ner s BibugldBgei n - 2
~ ~( 2003 -29 Exanples L to 9, 13 and | S in different solvents was
eval uat edN.MhheN-tatiamethyiethy leppsiigming, Tadlisepropylamine, Redjisoarapylethidasiopt eri a
for evaluation, soluble sanples are indicated by (~); partl K sol ubl e
sanpl es adiey@ghex@methPamine, CmBLhiyipipraidime, 3£2,6.hdetsamaiby FNtnpgthylapgriimgol ubl e
sanples are by (x). Table | Solubility of Polymers
Pol ymer SopwetinaCHctigEHFatinapioldied, art &Exatipleorbheldix ExldremneoudOolhx Brenpl e
3ppxx Table 2 Solubility of Polyners
Pol ymer Sofovient€HiGhayT b dirhaxcedsival aren el amptaatsd @ p@mEtiynfalie bbBeEpXExsipl e 6
~~pxx Table 3 Solubility of Polyners

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



Pol ymer Sol vent CHC13THFnet hanol t ol ueneExanpl e 7~pQxExanpl e BOCpr&ﬁan n

9pxx ? ar~ 1.1 ~ ? ~D3 -30 fable 4 Solubility of Polymers =Y #ub 2003
Pol yner Sol vent CFl C13 THF net hanol tol ueneExanpl e 13~opxxExanpl e 15~0~QX
Exanpl e 18: The optical properties of the polyners obtained in Exanples 1
to 9, 13 and 15 were evaluated. The matters tested for these are the
absorption peak wavel ength in the UV range (UV~, max), the nolar extinction
coefficient per the nmononmer unit (s), th&-fluorescent spectrum peak

e e

The resul ts are

O.' L- igﬂl,): {/ :;b\f,’f gi/e I I ~%H@l¥%r12qtloﬁ;g§@ffeﬁe oleﬁn is gaseous af fofomLtemEle}a-‘Eul\{g 1(133 ¢
V~MDo~ Gl[ ~01G>~- 0~ GLCo~-MVMWMWVVMI. Or - ~~ N~-MW-ON. ~VO~f ~. ~00 . VW
of ~I ~| ~ooPL?F§-‘F§-<§g]1% R TEDERTISR N he Solhtip Bty Beeivie o the

gaseous olefin, but in general, it may fall between 0.1 and 100 atmospheres, preferably
between (.5 and 10 atmospheres.
The reaction may be effected at various temperatures, but is generally effected
ata temperature falling between -70 and 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 ;)ver 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 washiﬁg 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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VWMWhV1~cj Mct VW~t W~ VWWKI ~OV~ IOCOOOOOO V~~~ I~OOOOOOOVMVMVMWVVMVD "N ~c
~'vI] Vr [ ~COGIMVL r CINOfIJNNNUNt C r _ - r_ - ._
-14 -

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.



nr_ ~- CN R._ " rc_~ =c_Jc_J-mrwx '~ XX ::r. XXXX==1 W=7
VWAV =. 1 W-. 2 6 AL~G 2003 -32 f\s i's known tl-om Table 5, %BeAlis 20403
polymers o' ztained in C xanpfes 1 to 9. 13 and 15 all emt fluorescence
havi ng a peak wavelength 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 (el ectrochrom c el enent
formed of polyner): This is to denonstrate the spectral electrochen cal
response of the polyner obtained in Exanpl e 4. e of the polynmer was

di ssol ved in ZOOHb‘L nEENtHNC K| G Esamare nﬁkf“‘t“ﬁé W’O‘gét’ﬁqg‘icﬂbc Bbﬁ%%hmé’&%uti on
was cast on a comrercially-avail able transparent electrode (50 x 5 mm to
prepar e aFWRPRIERGVIBt e SOPVEYE: AFAPS NfRsled faiseSEbhE Scepedl die P VEEI- al ong wi t h
a counter electrode (platinumplate) and a reference el ectrode (silver,
silver ion electrode). Wth that, the cell was filled wth a supporting

el ectrolyte, tetrabutyl amoni um perchlorate, and a sol vent, dewatered

acet oni t rEKaMRAhES cel | was driven, and the col or change of the pol yner
owing to the potential change in the cell was detected with a
spectrophBtangedr. As a result, it was found that the thin filmof the

pol ynmer of Exanple 4 was pale yellow in neutral but changed from pal e

yel l ow to deep MVhol eif wnitfodehe | m@iplgel N 0886 potent (BR apphiotd t coft he
cast filmof the polyner. Wth the change, the UV absorption band intrinsic
to the poﬁiyg,es-c)ﬁdrtﬂictdaa@leﬁﬂ&m,emz ahl agfolBEy390ctAdeAd, TRIPear(@d, matuls)aofmovel
visible |ight absorption band appeared at around 570 nm | NDUSTRI AL

APPLI CABI & l,Tfiplaypr esentypiinvent igogg4pr ovi degs a pel ymer whjghypcontaidgys in
t he backbone a’9-0xo-9-phosphafl uorene-2,7-diyl skeleton or a conbination

of Lhe SkeyehBBmBindilI A LASHOIRIRNLRD SO KRHRIATITIRLER RSisuasbiy. for -

exanpl e, as a conponent of , 110 2003 -33lum nescent el enent or

| . | | . |
The i nv BT @A) B QS5 28 AT %ﬁ‘ﬁ%:@%hh%?%ﬁﬁ%@% ﬁr?g“@%%gﬁﬁd
N1 O 1S o oy of Qo TR 85 ThRNGNRT AL, BEOUNELAG LUBGThODED s
DO B L AMR o A ory et et conta s L n o backbone a o T
S oo o SEING: s R BA, drdthe FORk e ot bAS S SR BRodih Gikatian el of on

and 2 vinglens, o AR08 S 8 R, of LA, Bl NG A8l of Al 1 OP

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):



wherein -Q represents a single bond, -Ar- (Ar is an arylene gro&ﬁ%,lgg a
vi nyl ene group of the follow ng general fornula [I1]: y [II] in ch/R 7693
represents a hydrogen atom an optionally-substituted 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 fornula; R represents a
hydr ogen atom or an optionally-substituted al kyl, cycloal kyl, arallcyl,
aryl, al koxy, cycloal kyl oxy, arallcyl oxygor aryloxy group; and n indicates
an integer off1pma3. ke B9000. 2. The polymer as claimed in claiml, for
which -Q 1n formula [I] 1s a single bond and which is represented by the
fol | ow ngg erak< §-or 143y O- RPy [111] ~6 Al..; ~G3
-35(mhergﬁ%ﬁgjgﬁgi%%ﬁgvgﬂ%%%’%g%e meani ngs as above). 3. The pol ynmer as
claimed in claiml, for which -Q in formula [I] is -Ar and which is
represented by the follow ng general fornmula [IV]: n (wherein Ar, R and n
have the same neani ngs as above). ~ 4. The polymer as clainmed in claiml,
for whic X%ﬁygﬁ'fornula [I] is. the vinylene group of fornmula [II] and
which is represented by the foll.own eneral . f or mul A3PR U (wherein
R, R and n havé®thfes aW@HﬁFHB§&§§“§%$v8§?H@S Séﬁ%%l%éaﬁgpﬂB?%dﬁcing
the polyner of claim1, which conprises dehal q- pol ycondensi ng. a

2, 7- di hal 8T8 o&lo- B prRIREe | F8EheObf 2t RO ?MVW@ JEPEIEB 1“8%%% BVI]:

O-PR X~~~ ~X~l] (wherein R and X have the sanme neani ngs .as abogve), or
react i ng $-€2-0¢¥bD-920%0a9-phespbpiladsencai/ dixcgraup (M foraya bl yaepe Bt drShilg t he
resulting internediate, or polycondensing it with an ol efin. 2 GA'lu

2003 - 366grofipihe for odubtchon prvwvess asek| avaed ¢-H7/¢| a8 m €0 whemebn e
pol ycondensation is effected in the presence of a transition netal-based
cheni cal ATHdgtramo®-(2-octyl)-9-0x0-9-phosphaflucene (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



7. The production process as claimed in claim®6, wherein the traasitgpn

nmet al - based chem cal substance is a | owval ence transition netal-5h§é§ 2083
chem cal substance. 8. The production process as clainmed in claim?7,
wherein the pol ycondensation is effected in the presence of the | owval ence
transition netal -based "chenmical substance forned by addi ng a reducing
agent to a transition netal -based chem cal substance of which the val ence
is not low 9. The production process as7€¢lainmed in any of clains 6 to 8,
wherein the trapsitigQ is.nekel . 10., Fh Gt recess,As

cl ai med i 2%5}%‘ ??,Emé|ﬁﬁ@%ﬂ%@f%ﬁéﬁ’gio;,&&h<gﬂ“?gﬁ§ﬂ?ﬁ?‘ﬁr:“%&; R ‘Qiﬁgﬁ?%ﬁ | adi um
11. A process for produci ng the polyner of clai-m2, whi co hSes. ¢
dehalo-po&?%@ndeﬁ§at?ﬁﬁﬁof (H§W§£7-é¥%aléy -oggﬁg-pﬁos ﬁSQIu§@%%§ ?
formula [VL]. 12. The ductj gn process | ai kn claim. 11, wherein
the poryconnede biropl-Geracr St P fRe e Pl B i ih i dipdb

nmet al - based chem_cal , suhstance. 13 he producti rocess as.clained in

cl ai m 12, &aHR e R FERTEERAN AP ﬁ%%grd?%fag@d&fewﬂf%cg’fo- HhSelRBEods 1

| ow-val ence transition netal -based chem cal substance. 14, The ro? ction
process alkxasmple ednd Hsesl wirn 4368 wHEr8! mmaklsofbisUle s Ry pAdige)pigkels 'gct ed in
the presence of the |owval ence transition netal -based chem cal substance
formed bymhdef dg-eyolegtadiang, Sgdht 2t(9.64 mmaglyiafi o' dinyaidybasddl0 ml ofr —~G
2G~J3 -37 chem cal substance of which the valec_e is not low 1~ The
product i oN,Nordowtkd famanlidi. meBhiusn obtajneds thd giokmner2ist @ navel voanouad t
transition netal is nickel. 16. A process for producing the polgner of
claim 3, dikilededdoamy liteesurpol Yte bR desvs@trictny coffitohwsl that the polymer is a hydrate.

2, 7- di hal 0- 9- oxo- 9- phosphaf | uorene of forrmula (VI] with an

ar yl enebi Blzon@nber-aeiage aholthidarf wkichbinvbh hegprigmat chlonlaiedathfovh]elementary

(HO ZB-Ar-B(OH) 2 [VII] wherein Ar has the sane neani ng as above. 17. The
product i ofnaBiRGASB186. cl ainmed in claim 16, wherein the polycondensation is
effected in the presence of a palladiumcatalyst. 18. The production

process as clai mad NMEEIspédital ataVh&] @ietncnbBRy Rahlyaidi dita GAttht Whlyrhe are
| ow- val ance conpl ex catalyst. 19. The production process as clainmed in

claim 17, ,wWhgkel Belblle pal l adium catal yst is a divalent conplex with a
ligand of a tertiary phosphine or tertiary phosphite. 20. The production

process agy vk EESCILYS CORBIM LN, 1. SRSISEY), 119520 k)3 IR 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



catalyst is a precursor conplex capable of being readily converted into a

| ow- val ence conplex in the reaction system 21. The production pfodESs?HS
clainmed in claim17, wherein the palladiumcatalyst is a | ow val ence
conplex with a ligand of tertiary phosphine and/or tertiary phosphite that
is formed froma conbination of a palladiumconplex not having a |igand of
a tertiary phosphine or tertiary phosphite, and a tertiary phosphi ne and/ or
a tertiary phosphite in the reaction syﬁgen1 22. A process for producing

t he pol ymer 7(31:3 Ct‘gl Jn 1%(1 A%Efll?mﬁ‘s?ﬁmﬁé 7LPRUI¥COH@$F§I%6 ﬁﬂn‘gtlrc \b’f% pr%)um(l

2, 7-di hal 0- 9loxo hos uor ene o or nul a an ol efi f the

fol | owi ng; genes al; §ermil a%lh\{l’l re]SEES)m&-ﬂQWdC‘} SEuE Ef%en I Hro é%g f Jatl(gél(\geﬁ%l ni rFl\y

has t he sare neani hg as ’above "on
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substance is a IOMFvaIence transition metal -based chem cal substance. 26.
The produ%ﬁloﬁnﬁﬁﬁ%ﬁss“§§ cl &f medl i ROMET m baVingheiei nthehe B36¥KBSNdénsat i on
is effected in the presence of the | ow val ence transition netal-based
cheni cal $upsylahexo-Pahwerhaiyoraeiligdial weenpe b 2ageriiheylaxyt howserylens

nmet al - based chem cal substance of which the valence is not |ow 27. The
product i ogropp ¢efcosmule [EV bvherd R is namy! grbup kad e 1925 tdshegloxphbf-ehenytléens
transition netal is palladium 28. The production process as clained in
cl ai m 27, grahp). ei Thushebtpmkd atheupolyateal iysa nosela cothpalreinhot displossd witt dnya
l'igand of a tertiary phosphine or tertiary phosphite. 29. The production
process altecitakre@alcnlatddahrou2l gelramehtiorn deomalopeghhy meatid{GRE meshea),
precursor conpl ex capable of being readily converted into a | ow val ence

conpl ex ik himbeeadri@nmpyEuRM waght Wae 110100l ual | i weigt-aserags edlacuimd i n
claim 27, wherein the palladiumcatalyst is a | owval ence conplex with a

ligand of wéight wad 3200005 PRl RutdNBf Righ leRirten @iy mﬁ&lpsw histogeah hadlediBarfvosigmd from

a conbi nation of a palladium conpl ex not having a ?. G AU 2Q03
was 8290. Its NMR spectral data and elementary analysis data are mentioned below.
'HANMR(CDCls):30.86(6H,brs), 1.3 1(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).
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



-39ligand of a terC ary phosphine or tertiary phosphite, and a tertiary
phosphi ne and/or a tertiary phosplute in the reaction system ﬁ%'ﬁtﬁ? 03
| um nescent or electrochrom c el enent that conprises a pol yner a\‘/l“ngﬁ"“‘g

9- ox0- 9- phosphaf | uorene-2, 7-di yl skel eton of the foll ow ng general formula
[1]: n[l] (wherein -Q, R and n have the sane neani ngs as above). 32. A
process for producing a 2, 7-di hal o-9-o0xo-9-phosphafl orene conpound of the
foll owi ng general fornmula [VMI]: O-P RX%~ " ~ X [VI] (in which R has the

sane neanhng,. bove: sand X represents a hal egen, at wLhi,ch conpri ses
ol eganar B RRoYEy Bl AP ER MBS e IRLAPER A Atk o0 RTRYL B

[1X]: Op R[I in which R represents .a hydroge to r an
bt § onal | §R4REAE: CUBCOBRY T 0 Baridot Dby Rt Zpgro-Sordiagtuorere.
cycl oal kyl oxy, arallyl oxy or aryloxy group). wth a hal ogen nol ecul e. 2
T 20meud abaarcdrie PPEERFELF oh "V elcexBPYdc Pl AiseOFsd €1 At 1§9ralUiper ei n
the halogenation is effected in die presence of a Levvis acid catal yst. 34.
The produtticBlatasy dressgh £sPe| gicthod. i the chunbsrameragp emelasulaneveighi ofadicd
catalyst is a netal or a nmetal salt. 35. The production process as clai ned
in clai m 3WF-sphdlepart o dharpelamer avas 2a tand thewietehiaiveragateglgamiar weighton,
al um niumor antinony. 36. A 2, 7-di hal 0-9-o0xo0-9-phosphaf| uoene conpound of
the fol | othieregf yanéPel. fCalenldted (hvbdghCelEmentxy/analysis) thX nisdhjm¢lehaaredgight and X
- have the sane neani ngs as above). 2 6 AIJG 2003 -41i\BSI Rf~C f

of the polymer was 9090.

The NMR spectral data and elementary analysis data of the polymer are
mentioned below.
TENMR(CDCl):50.87(611brs),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 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



f polynmer containing in the backbone a 9-oxo ~)-phosphat!| norene-2, 7-diyl
skel eton or a conbination of the skeleton wth a vinyl ene skele?gnf 6 EMB
aryl ene skel eton. The polymer is utilizable as, e.g., a conponent o

| um nescent el enent or electrochromc elenment. The polyner IS obtalned by
subj ecting a 2, 7-di hal o- 9- oxo- 9- phosphaf | uorene to pol ycondensation with
dehal ogenation, or to reaction with aryl enebi sboronic acid and
polycondensatlon or to pol ycondensatiod®wi th an ol efin.
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The NMR spectral data and elementary analysis data of the polymer are
mentioned below.
_HNMR(CDCl3):80.84(6H, brs), 1.03(2H, brs), 1.23(6H,brs), 1. 47(1H,brs), 1.86(1 H,brs), |
2.28(1H,brs),6.94-8.46(8H,m).
SPNMR(CDCL):850.4.
Elementary Analysis: Calculated as n = 5 (Cy30H14506PsBr12):
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 .whic_h, howevef, used was 0.200 g (0.50 mmol) of
2,7-dibromo-9-propyl-9-ox0-9-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 disciosed in any
literature. Its IR absorptiometry confirmed that the polymer is a hydrate. Calculated
through elementary analysis, the number—a.lﬁerage 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 chloroform. 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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groups), for which, however, used was 793 g (243 mmol) of
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=i .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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compound was a colorless acicular crystal, and 1s a novel compound not disclosed 1n
~ 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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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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“terms  of the monomer wunit) of a polymer havmg in  the backbone a
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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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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luminescent element or electrochromic clement. and provides a process for producing
the polymer.

The invention also provides a 2,7-dihalo-9-0x0-9-phosphafluorene compound

which is useful, for example, as a monomer for producing functional polymers, and

provides a)process for producing the compound.



& 10% K% & ()- 6$f 10% K% & ()-!1, -10%!& ()- |]10% K% & () - Qé)/v'tg%l.%a
A !

K% & () - pY 10% #F & ()-1~]f|[:bWU4 ! -s6510%& ()-f L3S10%
Y )1'10% K% & () - #/]10% K% & ()- 3-110% K% & () - 3*i 1 10% K%
& ()-flmo~@ud ! |10%%& () - v y10%%& ()- 10%3%d& ()-@
@<10%1%& ()- 10i K% 10i K% 10i K% H6510% K% & ()-f @y$*al|[: vW4
' -34-
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]:

o ' [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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h. 4109%d& ()- .4109%[& ()- iV--10%l%l& ()- iP+j!10%%l& ()-e-zY8 !

3y10%& ()- @ \&10% & ()- -10d%10d%10d%i10%%& ()-0 L9} 10%%d& () -

L7! 109696& ()- -"-j|[:2Y8 ! 10% & ()- 10% & ()- i!'10% & ()-
10% & ()- 10% & ()- M10%& ()-jq[:zY8 ! 01 10% & ()- 10% & ()- v
109% & ()- v10% & ()- L!10% & ()- 1!489 & ()-2J|[:zY8 ! T

y/ $10%’ d(‘%h@e‘in 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]:

{IV]

(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 gencral
formula [V]:

W, LT
' n 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]:

vl -

(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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1090n' 0& ()- v 1109%On' 0& ()- pwl0%®n' 0& ()- ,$10%0On' 0& ()-! W&o|[:bU4 !
1090n' 0& ()- 109%On' 0& ()- #10%n' " & ()- 10%On' 0& ()-  10%n' 0& ()-

gl0%n' 0&' ()-0@[: bW ! 1)10%On' 0& ()- & L!'10%On'0& ()- Vv
%40%n' 0& ()- #!10%n' 0& () - -36-
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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i #10960 & ()- M 1090 & ()-7|[:vUs | 3109%) & ()- 01i!10%) & () -

01 - " 109%) &efdical SL]bSJ{&ﬁl%Q(gQ()\ﬁFfIiCQ’t){ﬁE VZHI?I);’.Q]-IQ%QR&V.( ) -

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.

i 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
g

(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, R

xx v

(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]]



