Pol y(9. 9" -spirobi sfluorenes). their preparation and their use. The
present invention relates to unsubstituted and substituted

pol y(9, 9' -spirobisfluorenes); a process for their preparation; a
conposi ti on GegBiieetNg @ support material and a |layer of arrawerebesodt ut ed
or substituted poly(9, 9" -spirobisfluorene), which may, if desired, further
conprise a | um nophore; a conposition conprising an unsubstituted or
substituted poly(9,9 - spirobisfluorene) “whi ch conprises a | um nophore; and
the use of the conpositions or the poly(9,9'-spirobisfluorenes) as

f 1 uor ophores for“ g Jight-e ] ctrodes in display
appl i cat i ons ¥ FeER 2t AL At I - bi sfl uorenes.

In recent tines, naterlals mhlch emi t quorescent rad|at|on have attracted

greatly incr eased interest for display elenents or phot L dv.
Mat er . 1994, Dig vaxiegeade prigeungbatifi ¢nsy ég:twgne ypd syggputaégé ly{g sprro isfluore-

pol yphenyl SNG8: \éﬁ VidPrafifefh 2k eHin ﬂé?st&fﬁh? é&&é@:sﬁh&@h@e&aﬁ@taub e Tr'a’gﬁemeeﬂd
mechani cal er ma ro erties of lp g gr] % are lé%ﬁ de
und einer SCthh emes unsubstituierten ode tu1ert n Poly(9,9™-spirobisfluorens), das

gegebenentalls zusatzlich einen Luminophor enthéit; eine Zusammensetzung aus einem

unsubstituierten oder substituierten Poly(9,9’-spirobisfluoren), das einen Luminophor ent-
hélt: und die Verwendung der Zusammensetzungen bezishungsweise der Poly{8,9"-spiro-
bisfluorene) als Fluorophore zum Beispiel in Licht emittierenden Dioden oder Elektroden in
Displayanwendungen, sowie 2,2"-Dihalogen-7,7'-disubstituierte 9,9™-Bisfiuorene.

In letzter Zeit hat sich das Interesse an Fluoreszensstrahlung emittierenden Materialien fiir
Displayelemente oder Photodioden stark erhdht. J. M. Tour beschreibt in Adv. Mater. 1994,
8, No. 3, Seiten 190 bis 198 Polyphenylene, die bekannterweise blaues Fluoreszenslicht
emittieren. Die guten mechanischen und thermischen Eigenschaften der Polyphenylene
sind bekannt. Die Unidslichkeit in organischen Lésungsmitteln und die damit verbundene
mangelnde Verarbeitbarkeit sowie die Instabilitit dotierter Polyphenylene beintrachtigt eine
kommerzielle Nutzung stark. Es besteht ein hohes Bediirfnis nach blau fiuoreszierenden
und verarbeitbaren Materialien auf der Basis aromatischer Kohlenwasserstoffe, die ausge-
zeichnete thermische und mechanischen Eigenschaften (zum Beispiel Thermostabilitéten
@iber 200 °C) aufweisen, wobei die Polymeren leicht herstellbar sein sollen und besonders

die gezielte Herstellung definierter Polymerer moglich ist. Ferner ist es wiinschenswert,
dass sich die Polymeren als Matrix fir die Einlagerung geringer Mengen von unterschiedli-
chen Fluorophoren eignen, um Flureszensemissionen {iber das ganze sichtbare Spektrum
erzielen zu kdnnen.

Es wurde nun {iberraschend gefunden, dass man 9,9-Bisfluorene polymerisieren kann und
hierbei blau fluoreszierende Polymere erhdlt, die in vielen t dsungsmitteln i&slich und daher
auch leicht verarbeitbar sind, zum Beispiel mittels Gblicher Beschichtungsverfahren. Die Po-
lymeren weisen ausgezeichnete thermische und mechanische Stabilititen auf und sie stel-
len ausgezeichnete Matrixsysteme fiir die Einlagerung von molekularen Fluorophoren dar,
die in Fluoreszensdisplays und in Elektroluminiszensdisplays Verwendung finden kénnen.



insolubility in organic solvents and the associ ated unsatisfactory

¢ processibility and also the instability of doped pol yphenyl enes greatly

i mpairs commercial utilization. There is a great need for blue-fluorescing
and processiphe,sRI-£ri als based on aromatic hydrocarbons, g?bﬁﬁﬁmghFrials
have excel |l ent "thernmal and nechani cal properties (for exanple ernal
stabilities above 200[err]C); the polyners should be able to be prepared
easily and, in particular, the targeted p?éparation of defined polyners
shoul d be possible. Furthernore, it is desirable for the polyners to be
suitable as matrix for the incorporation of small amounts of different

f | uor ophor e&in erster Gegenstansisies Erfinfiungsind;Belyfbiseh9 Jiuprens) miy gleichercodesit i r e

vi si bl e speghisdifedenehiwibtittkehfiasy ERiltFeRHeNeRBAFSMang t hat

9,9 -bisfluorenes can be polynerized to give blue- fluorescing polyners
whi ch are soluble in many solvents and are therefore also readily
processi bl e, for exanpl e by _neans of customary coating processes. The

pol ymers have excel N\ t h#rmxl _and nechanical stabilities and are
excellent matrix syt e#fs f\or_yhe i ncorporati on of nol ecul ar fl uorophores
whi ch can be used in jopescent di splays and in el ectrol um nescent

di splays.  The inventi g\ provides, firstly, soluble (0,

pol y(bis-9,9" -fl uorene &»"i\ sing identical or different structural

repeating units na :

worin

die beiden R, unabhéngig voneinander H, C1-C1g-Alkyl, Cs-Cis-Atyl, C;-Cy5 Aralkyl, C1-Cig-
Alkoxy, Ra-(O-CoHap)m-O-, C+-Cia-Alkyithio, C4-Cg-Dialkylamino, -C(O)OH, -C(O)O-C1-C1e-Al-
kyl, ~C(O)-N(C-C1a-Alkyl)z, -SO3H, ~-SO3-C;-Cyg-Alkyl, ~SO2-N(C1-C1s-Alkyl)z, C1-C17-Alkyl-
C({O)-O- oder C;-C-Alkyl-C(O)- darstelit, R H oder C,-C,,-Alkyl bedeutet, n filr eine Zahl
von 2 bis 6 steht, und m eine Zahl von 1 bis 12 bedeutst.

Die erfindungsgeméssen Poly(bis-9,9’-flucrene) sind in vielen organischen Losungsmitteln
laslich, z. B. in THF, CH,Cl;, DMF, DMSO oder Toiuol.

Die Alkylgruppen im Rest R, als Alkyl, Alkoxy, Alkylthio, Diaminoalkyl, Carbonsaureester
oder Sulfonsédureester, Carbonsdureamide oder Sulfonsaureamide, Alkyl-CO,- und Alkyl-
C{(0O})- kdnnen linear oder verzweigt sein und enthalten bevorzugt 1 bis 12, und besonders
bevorzugt 1 bis 8 C-Atome. Einige Beispiele fir Alkyl sind Methyl, Ethyl, n- und i-Propyl, n-,
i- und t-Butyl, und die Isomeren von Pentyl, Hexyl, Heptyl, Octyl, Nonyt, Decyl, Undecyl, Do-
decyl, Tetradecyl, Hexadecyl und Octadecyl.

R enthélt als Aryl bevorzugt 6 bis 10 C-Atome. Einige Beispiele sind Naphthyl, Biphenylyl
und besonders bevorzugt Phenyl.

Ry enthéit als Aralkyl bevorzugt 7 bis 12 C-Atome und die Alkylengruppe im Aralkyl enthélt
bevorzugt 1 oder 2 C-Atome. Ein bevorzugtes Beispiel ist Benzyl und ferner Phenylethyl.



- 2- [err] where the two
err] are, independently of one another, H {err]-Cerr]alkyl,
e r] Cerr]aryl, (err]-Cerr]aralkyl, Cerr]-Cerr]al koxy,
O CnH er r]\)vbemds'r,O Clerr]-Cerr]al kylthio, PCT/EP96/05091
err]-Cerr]8dialkylamno, -C(COOH, -C(OO (err] Cerr]alkyl,
-CO-NCerr]-(err]alkyl)2, -SG8H, -SG-Cerr]-Cerr]alkyl,
e

rr]N(Cferr]-Clerr]alkyl)2, (err]-Clerr]alkyl- C(O-0O or
Clerr]-Cferr]alkyl-C(O-, R is Hor (ferr]-Clerr]alkyl, nis from2 to 6
S

fr Ole, iz% gerjszedeutung von Halogen steht bevorzugt far F, Cl oder Br.

R als Aikyl enthilt bevorzugt 1 bis 8 und besonders bevorzugt 1 bis 4 C-Atome. Es kann
linear oder verzweigt sein. Einige Beispiele sind Methyl, Ethyl, n-Propyi und n-Butyl.

Im Rest Rz-{O-CnHan)m-O- Steht n bevorzugt firr sine Zahl von 2 bis 4, und besonders be-
vorzugt fir die Zahlen 2 oder 3.

Im Rest Ra-(O-CHzn)im-O- steht m bevorzugt fir eine Zahl von 1 bis B, und besonders be-
vorzugt fir eine Zahi von 1 bis 6.

In einer bevorzugten Ausfihrungsform des Erfindungsgegenstands stehen in den
Polymeren der Formel | die beiden R, im Rahmen der Definitionen fiir gleiche Reste.

In einer bevorzugten Ausfiihrungsform des Erfindungsgegenstands steht in den Polymeren
der Formel | R, je fiir H, C,-C,,-Alkyl-C{O)- oder Cy-C;z-Alkoxy.

Die erfindungsgemdassen Polymeren konnen vernetzt sein, was im wesentlichen von der
Herstellungsmethode abhéngt. Der Vernetzungsgrad kann so hoch sein, dass ein praktisch
nur vernetztes niedermolekulares Polymer vorliegt, das aber immer noch 18slich ist. Solche
Polymeren enthalten Strukturelemente der Formel (la), Ib oder beide Strukturelemente,

O.Q R,
a%a

(1a),



The alyl groups in alkyl, alkoxy, alkylthio, diamnoalkyl, carboxylic
ester or sulfonic ester, carboxam de or sul fonam de, alkyl-CJerr]- and

al kyl-C(O) - radicals R err] can be linear or branched and preferably
contain frora,ﬁ; ;,?;,8,1,2, particularly preferably from1l to 8,,_,&,@‘;93%9 Sone
exanpl es of a ﬁy are nethyl, ethyl, n- and i-propyl, n-, 1- an t-lbutyl,
and the isoners of pentyl, hexyl, heptyl » octyl, nonyl, decyl, undecyl,
dodecyl, tetradecyl, hexadecyl and octadetcyl. Aryl radicals Rerr]
preferably contain from6 to 10 C atons. Sone exanpl es are napht hyl,

bi phenylyl and, particularly preferably, phenyl. Aral kyl radicals Rerr]
preferably contain S 12 C atons and the al kyl ene group in the

aral kyl radical p+é htains 1 or 2 C atons. A preferred exanple is
benzyl and al so phe Hal ogen atons Rlerr] are preferably F, C or
Br. Al kyl radicals referably contain from1l to 8 afyj particularly

preferably from1l to 4 qt ons. They can be |inear or branched. Some
exanpl es are net hyl -

worin R, die zuvor angegebene Bedeutung hat.

Strukturelemente der Formel la werden aus monosubstituierten und Strukturelemente der
Formel Ib aus unsubstituierten 9,9’-Bisfluorenen gebildet.

Der Polymerisationsgrad (Anzaht wiederkehrender Struktureinheiten) kann von 2 bis 100,
bevorzugter 3 bis 50, noch bevorzugter 3 bis 40, und besonders bevorzugt 5 bis 30 betra-
gen. Der Begriff Polymere umfasst somit auch Oligomere. Im allgemeinen enthaiten die
erfindungsgeméssen Polymeren Polymerketten mit unterschiedlichen Polymerisationsgra-
den {Kettenldngen).

Die erfindungsgeméssen Polymeren kdnnen nach an sich bekannten und in der Literatur
beschriebenen analogen Verfahren hergestelit werden.

Ein weiterer Gegenstand der Erfindung ist ein Verfahren zur Herstellung von Poly(bis-8,9'-
fluorenen) mit gleichen oder verschiedenen wiederkehrenden Strukturelementen der Formel
L

(s

und gegebenenfalls gleichen oder verschiedenen Strukturelementen der Formeiln



In the'radical Rlerr]-(OOnH[err])m-0O nis preferably from2 to 4,
sparticularly preferably 2 or 3.

- 3- In the radical Rerr]-(OChHerr])mO, mis preferably from1l to 8,
particularly pyebososdly from1l to 6. In a preferred enbodirmavereedsebhe
invention, the two Rlerr] in the polyners of the fornmula | are identical
radi cal s as defined above. In a preferred; enbodi ment of the invention,
each Rerr] in the polyners of the formula | is H,

O.Q R,

a2 |
Q0

a0

worin R, die zuvor angegebene Bedeutung hat, das dadurch gekennzeichnet ist, dass man
a) wenigstens ain halogenfreies 9,9"-Bisfluoren der Formel I,

¢,

worin R; die zuvor angegebene Bedeutung hat,
in Gegenwart eines inerten Losungsmittels kationisch-oxidativ polymerisient.

Geeignete Losungsmittel sind zum Beispiel N,N-disubstituierte Carbonsédureamide und N-
substituierte Lactame (Dimethylformamid, N-Methylpyrrolidon), Ester {Essigséurebutylester),
Ether (Dibutylether), Sulfoxide (Dimethylsuloxid), Sulfone (Tetramethylensulfon), aliphati-
sche und aromatische Kohlenwasserstoffe (Toluol, Xylol), hatogenierte oder nitrierte alipha-



_C[er‘r]‘-C[err]aI kyl-C(O- or (Jerr]-Cerr]al koxy. The pol yners of the
rnvention can be crosslinked, which depends essentially on the nethod of
preparation. The degree of crosslinking can be so high that a virtually

only crossli | ow ol ecul ar wei ght pol yner, which is, hﬂs{%@ il
sol ubl e, is%ﬁ?ﬂ?"ﬁ d. Such polyners conprise structural units o?’n'?)ilte
formula la, Ib or both structural units,‘5 [err]

(I'b), -
tische und aromatische Kohlenwasserstoffe {Tetrachlorkohlenstoff, Tetrachlorethan) und
Schwefelkohlenstoff.

Die kationisch-oxidative Polymerisation ist von P. Kovacic et al. in Tetrahedron Letters No.
11, Seiten 467 bis 469 (1962) fir Benzol beschrieben worden und kann analog auch flr die
Polymerisation von 9,9°-Spirobisfluorenen angewendet werden.

Die Polymerisation wird zum Beispiel mit oxidierenden Lewissauren wie zum Beispiel FeCls,
oder mit Lewisduren, hauptséchlich Metallhalogenide wie zum Beispiel AlCl,, AlBrs, BF3
oder BCl,, in Kombination mit einem Oxidationsmitte! wie zum Beispiel Metallverbindungen
mit hoherer Wertigkeitsstufe durchgefihirt. Haufig wird CuCl, verwendet. Ferner sind
Oxidationsmittel wie KMnQ,, Fe*>-Salze, Benzoquinonderivate wie zum Beispiel
Tetrachlorobenzogquinon verwendbar. Auch die elektrochemische Oxidation kann in einem
geeigneten organischen Losungsmittel zur Polymerisation angewendet werden.

Das Molverhéltnis von Spirobisfluoren zu Katalysator beziehungsweise Lewisséure kann
von 1:0,2 bis 1:2, bevorzugt 1:0,4 bis 1:1,5 und besonders bevorzugt 1:0,5 bis 1:1,2 betra-
gen. Das Molverhiltnis von Lewisséure zu Oxidationsmittei kann zum Beispiet von 1:0,2 bis
1:1, bevorzugt 1:0,3 bis 1:0,8 und besonders bevorzugt 1:0,4 bis 1:0,6 betragen.

Die Reaktionstemperatur betrigt bevorzugt von 20 °C bis 200 °C, bevorzugter 20 °C bis
150 °C, besonders bevorzugt 20 °C bis 100 °C, und insbesondere bevorzugt 30 °C bis 80
°C.

Die Reaktion kann zum Beispiel so durchgefiihnt werden, dass man zum geldsten Spirobis-
fluoren den Katalysator gibt, gegebenentalls erwarmt und unter Ruhren einige Zeit (zum
Beispiel bis zu 24 Stunden) reagieren lasst. Danach kann das gebildete Polymer gefalit und
ablfiltriert oder das Lésungsmittel entfernt werden. Die Riickstande kdnnen zur Entfernung
der Lewisséuren/Oxidationsmittel mit Wasser gewaschen, getrocknet und dann mit Lo-
sungsmitteln wie zum zum Beispiel Methylenchlorid oder Tetrahydrofuran behandeit wer-
den, um die gewlinschten laslichen Polymeren zu isolieren.



where Rlerr] is as defined above. Structural units of the fornula la are
*f'ormed from nobnosubstituted 9, 9' -bi sfluorenes and structural units of the
formula I'b are fornmed from unsubstituted 9, 9'-bi sfl uorene.

-4- The degwase@bskol yneri zation (nunber of structural repegiepbiostdii tS)
can be from2 to 100, nore preferably from3 to 50, even nore preferably

from3 to 40 and particularly preferably 7.

Bei dieser Polymerisationsmethade werden héufig vernetzte Polymerisate gebildet, wobei
undsliche Polymere leicht entfernt werden konnen. Der Vemnetzungsgrad kann durch die
Reaktionsbedingungen wie zum Beispiel der Monomerkonzentration im Reaktionsgemisch,
der Katalysatormenge und dem Verhéitnis von Katalysator zu Oxidationsmittel, sowie der
Reaktionstemperatur beeinflusst werden.

Eine andere Herstellungsweise der erfindungsgeméssen Polymeren kann analog der von T.
Yamamoto et al. im Bulletin of the Chemical Society of Japan, Vol. 51 (7), Seiten 2091 bis
2097 (1978) und Macromolecules 25, Seiten 1214 bis 1223 (1992) beschriebenen Verfah-
ren aus 2,2'-halogenierten 9,9'-Spirobisfiuorenen erfolgen. Dieses Verfahren wird bevor-
zugt, da man gezielt Polymere mit definierter Struktur herstellen kann.

Ein weiterer Gegenstand der Erfindung ist ein Verfahren zur Herstellung von Poly(bis-9,9'-
fluorenen) mit gleichen oder verschiedenen wiederkehrenden Strukturelementen der Formel

M,

worin R, die zuvor angebenen Bedeutungen hat, das dadurch gekennzeichnet ist, dass
man ein 2,2'-Dihalogen-9,9’-spirobisfluoren der Formel Ilf,

(i,



from5*to 30. The term polyners thus al so enconpasses oligoners. In
. general, the polyners of the invention conprise polynmer chains having
di fferent degrees of polynerization (chain |engths). The pol yners of the

i nvention can be prepared by nethods known per se and by t | ogous
to those des@f‘?ﬂggs"i"n the literature. The invention furrﬁ’g?%g%‘gp%es a

process for preparing poly(bis-9,9 -fluorenes) conprising identical or
different structural repeating units of t+fe fornula I, [err]
and, if desired, identical or different structural units of the fornul ae

worin R, die zuvor angebenen Bedeutungen hat, und X fir Halogen steht,
in Gegenwart eines inerten Losungsmittels, eines Alkali- oder Erdalkalimetalls und eines
Uebergangsmetallkomplexes oder Metallsalzes eines Uebergangsmetalls reagieren iésst.

X steht bevorzugt fir F, Cl oder Br, bevorzugter fir Cl oder Br, und besonders bevorzugt fir
Br.

Geeignete Losungsmittel sind hauptsachlich die fur Grignardreaktionen verwendeten Lo-
sungsmittel, zum Beispiel aromatische Kohlenwasserstoffe wie Benzol, Toluol, Xylol, Nitro-
benzol, und Ether wie Diethylether, Dipropylether, Dibutylether, Tetrahydrofuran, Dioxan,
Ethylenglykoldiethylether, Ethylenglykoldimethylether und Diethylenglykoldimethylether.

Als Alkali- und Erdalkalimetalle werden héufig Li, Na, K, Zn, Cd, Mg und Ca verwendet; be-
sonders bevorzugt sind Li und Mg.

Geeignete Uebergangsmetallkomplexe sind in grosser Vielzahl bekannt. Bei den Ueber-
gangsmetalikomplexen kann es sich um solche von Metallionen oder neutralen Metallen
handeln. Einige Beispiele fiir Metalle sind Fe, Co, Ni, Mo, Cr, W, und Edeimetalle wie Pt,
Pd, Ru, Ir und Os. Bei Metallionenkomplexen kdnnen sich die Anionen von anorganischen
oder organischen Séuren ableiten, zum Beispiel Essigsdure, Benzoesaure, Toluolsulfon-
saure, Schwefelsiure und Halogenwasserstoffséure. Bevorzugt sind Metallhalogenidkom-
plexe. Beispiele fiir Neutralliganden sind offenkettige und cyclische 1,3-Diene (Cyclohexa-
dien, Cyclooctadien), Nitrile (Aceto- und Benzonitril), Ether, Alkohole, tertidre Phosphine
(Triphenyl- und Tricyclohexylphosphin), ditertidre Diphosphine, tertdre Amine und ditertidre
Diamine wie zum Beispiel Bipyridin. Einige Beispiele flir Metallkompiexe sind Ni{Cycloocta-
dien); in Mischung mit P{CgHs)s, NifP(CeHs)als, NIiCl(Bipyridin)z, NiBrR{P{CsHs)a)z,
Pd(Cl)x{Bipyridin)a, NiCl,, CoCl,, FeCl; und FeCla.

Die Menge an Alkali- beziehungsweise Erdalkatimetatlen ist bevorzugt &quimolar zur Menge
an Dihalogen-9,9'spirobisfluoren; es kann aber auch ein leichter Ueberschuss verwendet
werden, Die Menge an Uebergangsmetallkomplexen beziehungsweise Uebergangsmetall-
salzen ist bevorzugt ebenfalls &quimolar, wobei jedoch ein leichter Ueberschuss oder Un-
terschuss eingesetzt werden kann.



L]

-5- '

(4 b), where R err] is as defined above, which process conprises
cationically-oxidatively polynerizing a) at | east one hal ogen-free
9, 9' - bi sfl uor epg oPbesthe fornula 11, PCT/EP96/05091
-g-

Die Reaktion kann schon unter milden Bedingungen bei Raumtemperatur stattfinden. Eine

hohere Temperatur von zum Beispiel bis zu 150 °C, bevorzugt bis zu 100 °C beschleunigt

die Reaktion.

Die Polymerisation kann so durchgeflihrt werden, dass man die Reaktionskomponenten
und das Lésungsmittel zusammengibt, dann erwdrmt und ausreagieren lésst. Zur Vermei-
dung von zu langen Inkubationszeiten kann zum Beispiel wenig elementares lod zugege-
ben werden. Die Reaktion kann auch so gefiuhrt werden, dass man zunéchst aus dem Di-
halogen-9,9’-spirabisfiuoren und einem Alkali- beziehungsweise Erdalkalimetall oder einem
entsprechenden Metallalky! die entsprechende Organometallverbindung (Grignardverbin-
dung) herstellt und erst dann einen Uebergangsmetalikompiex zugibt.

Die isolierung der Polymeren kann in {iblicher Weise erfolgen, zum Beispiel mittels Filtration
unloslicher Bestandteile der Reaktionsmischung, Waschen zur Entfernung von Salzen, Fal-
len oder Entfernen des Ldsungsmittels. Durch Umféllen und gegebenenfalls Waschen kon-
nen die Polymeren gereinigt werden.

Die Verbindungen der Formel Il sind teilweise bekannt oder kénnen nach an sich bekannten
Verfahren hergestelit werden.

2,2-Dibromo-9,9'-spirobisfluoren kann durch direkte Bromierung von 9,9'Spirobisfluoren in
Gegenwart von Lewisséuren wie zum Beispiel FeBr; hergestelit werden (V. Prelog et al,,
Helvetica Chimica Acta 52(5), Seite 4253 (1969). Die erhaltenen Produktgemische aus Ver-
bindungen mit unterschiedlichen Bromierungsgrad und Stellungsisomeren kénnen durch
Umkristallisation und chromatographische Verfahren gereinigt werden. 2,2'- Dinitro-9,9"-spi-
robisfluoren kann nach J. Weissenburger, JACS, Seite 4253 {1950) hergestellt und aus
dem Produktgemisch durch Umkristafiisation und chromatographische Verfahren gereinigt
werden. Die Dinitroverbindung kann zum Beispiel mit Eisen in Ethanol zum Diamin redu-
ziert, dann diazotiert und mit CuBr zum 2,2'-Dibromo-9,9'-spirobisfiuoren umgesetzt werden.

2,2-Diamino-9,9'-spirobisfluoren kann mit Alkylierungmittein in die entsprechenden
N,N,N’,N'-Tetraalkylverbindungen umgewandelt werden. Die Umsetzung der Dibromver-
bindungen mit metaliorganischen Kohlenwasserstoffverbindungen (Grignardverbindungen}



R " where Rerr] is as defined above, in the presence of an inert
* sol vent . Exanpl es of suitable solvents are N, N-di substituted carboxam des
and N-substituted | actans (dinethylfornmam de, N-nethyl pyrrolidone), esters

(butyl acetfw é ers (dibutyl ether), sulfoxides (di rretE g}gé i de),
sul fones (te 6 F@@% | ene sul fone), aliphatic and aromatic d’F% “ggns
(toluene, xylene), halogenated or nitrated aliphatic and aromatic
hydr ocarbons (carbon tetrachl oride, tetrd®hnl oroethane) and carbon
di sul fi de.
fihrt zu den Dialkyl- oder Diarylderivaten. Die Substitution mit Alkoholen, Thiolen oder Poly-
oxaalkylendiolmonoethern ergibt die mit Alkoxy, Alkyithio und Polyoxaalkylenoxy substitu-
ierten Derivate.

Diazotiertes 2,2'-Dinitro-9,9’-spirobisfluoren kann mit konzentrierter Schwefelsaure in 2,2'-
Dihydroxy-9,9'-spirobisfluoren umgewandelt werden, das in an sich bekannter Weise ver-
estert werden kann. 2,2"-Dimethyl-9,9’-spirobisfiuoren kann in Ublicher Weise zur Carbon-
saure oxidiert und dann verestert oder amidiert werden. 9,9'-Spirobisfluoren-2,2'-sulfon-
saure ist in bekannter Weise durch Oxidation von 9,9'-Spirobistluoren-2,2’-dithiol erhéltlich,
wobei das Ditiol durch nukieophile Substitution von 2,2-Dibrom-8,8'-spirobisfluoren zu-
génglich ist.

2,2’-Diacyl-9,9'-spirobisfluorene sind in einfacher Weise und hohen Ausbeuten durch Frie-
del-Crafts Acylierung mit Carbons&urehalogeniden in Gegenwart von Lewisauren wie zum
Beispiel AlCl;.

Es wurde Uiberraschend gefunden, dass man aus den Verbindungen der Formet |, worin R,
nicht fir ein Wasserstoffatom steht, dann in hohen Ausbeuten und Regioselektivitét die
Dinalogenverbindungen der Formel iti erhélt, wenn die Reaklion mit eilementarem Halogen,
zum Beispiel Cl;, Br; oder I, bevorzugt mit Br,, in Gegenwart eines Ueberschusses einer
Lewissdure durchfiihrt.

Ein weiterer Gegenstand der Erindung sind Verbindungen der Formel [V,

),

worin
X flir Hatogen steht, und



The cati oni c-oxidative pol ynerization has been described for benzene by P.
» Kovacic et al. in Tetrahedron Letters No. 11, pages 467 to 469 (1962) and
can al so be enpl oyed anal ogously for the pol ynerization of

9, 9' - spi r obi sflLuRkfIES. The polynerization is carried out pcfRpocR¥@IP! €,
using oxidizing Lewms acids such as FeC [err] or using Lewis acids, mainly

metal halides such as Al C13, AIBr3, BF3 or, BCA 3, in conbination wth an

oxi di zing agent such as a netal conpound Havi ng a relatively high oxidation
state. Use is frequently nade of CuC[err] Oxidizing agents such as KvnO4,
Fe[err] salts and benzoqui none

-6-  deri vatRa@<CisAlH, &sCretvlahformlohLoturAlae: BafP-ShtomR Gska-Alpt s

al 50 oS fSi bl q?i?f)ctte@. le%!ﬁﬁérﬁ%ﬁt}. LeR)eR Qﬁbt AD)Ei-BALAIRY, -CO)N(EUT]HkyD., 05 OsH)i C
sol ven or effectin e polynerizatj on.
-803-01—0,59Alkyl, 'S%z-N¥C1-C1a-AtKYl)g, Cer'A!kY"C(O)‘O’ oder CrCn‘Alle'C(O)" dar-
stelit, R, H oder C,-Cz-Alkyl bedeutet, n fUr eine Zahl von 2 bis € steht, und m eine Zahi

von 1 bis 12 bedeutet.

X steht bevorzugt tiir Cl, Br oder 1, bevorzugter fiir Ci oder Br, und besonders bevorzugt fiir
Br.

Far Rs gelten die fiir R, in Formet | angegebenen Bevorzugungen und bevorzugten Aus-

flihrungsformen.

Ein anderer Gegenstand der Erfindung ist ein Verfahren zur Herstellung der Verbindungen
der Forme! IV, das dadurch gekennzeichnet ist, dass man eine Verbindung der Formel V,

V),

worin R; die zuvor angegebene Bedeutung hat, in einem inerten Losungsmitte! mit elemen-
tarem Halogen in Gegenwart eines Ueberschusses einer Lewisséure umsetzt.

Die Reaktionstemperatur kann von Raumtemperatur bis 200 °C, bevorzugt von 20 bis 100
*C und besonders bevorzugt 20 bis 50 °C betragen. Besonders bevorzugt wird die Reaktion

bet Raumtemperatur durchgefithrt, was bei Reaktionsbeginn eine Kithlung erfordern kann.
Das Halogen wird bevorzugt in aquimolaren Mengen eingesetzt.

Geeignete Losungsmittel sind polare aprotische Losungsmittel, die alleine oder in Gemi-
schen verwendet werden konnen. Einige Beispiele sind offenkettige oder cyclische Ether,



The nmolar ratio of spirobisfluorene to catalyst or Lewis acid can be from
. 25:0.2to 1:2, preferably from1:0.4 to 1:1.5 and particularly preferably
from1:0.5 to 1:1.2. The nolar ratio of Lewis acid to oxidizing agent can
be, for exa from1:0.2 to 1:1, preferably from1:0.3 nd
particularlge‘iﬂg nyfrom104to 1: 0. 6. The reaction tésﬁg%oggﬁure IS
preferably from20[err]C to 200[err]C, nore preferably from20[err]Cto
150[err] C, particularly preferably from2®-err]C to 100[err]C and nost
particularly preferably from30[err]C to 80[err]C. The reaction can be
carried out, for exanple, by adding the catalyst to the dissolved

spi r obi sf | uog@pRielichicASBif coWie hMaRbrmied diphatischeioder apcdoaibhatischegKoienmassesac t
for sone tinme (for exanple up to 24 hours) while stirring. The pol yner
formed can tRefP-be precipitated and filtered off or the solvent can be
renoved. To renove the Lew s acids/oxidizing agents t he resi dues can be

A e S -

chl ori de or 0 TS0 e5|re ol'yners. In
thi s pol ynerfFeGl, FeBrzr&BmdlCIQif@SsShﬁk,e?‘d’%ﬁy%ﬂad §v%r4fﬁe@qqegftw'5¢ Aigl R¥8Y and

I nsol ubl e po)“é bRvenaby €asily be renoved. The degree of crosslinking can be
i nfl uenced by the reaction conditions, for exanple the nonomer

concentration in the reaction mxture, the amount of catalyst and the ratio
of catalyst g,ddndidkdha vaaiten, daBSIdIB¥ohsdt BeiltRilsgehierunSramaiontnvdh Aromaten

in katalytischen Mengen eingesetzten Lewiss#uren in einer Menge von mindestens 1 Mo,
bevorzugt mindestens 2 Mol, bevorzugter mindestens 4 Mol und besonders bevorzugt min-

destens 10 Mol vorliegt, bezogen auf 1 Mol der Verbindung der Formel V.

Die Isolierung der gewiinschten Verbindungen und deren Reinigung kann in tblicher Weise
erfolgen, wobei die Reinigung selbst oft nicht notwendig ist, da Nebenprodukte nur inge-
ringen Mengen gebildet werden. Bsi den erfindungsgeméssen Verbindungen handelt es
sich je nach Substitution um kristaliine oder amorphe Festkérper, die in polaren aprotischen
Lésungsmittein laslich und daher leicht verarbeitbar sind. Die Monomeren weisen bereits
eine bauliche Fluoreszensstrahiung auf, und sie eignen sich hervorragend zur Herstellung
von definierten und im allgemeinen unvernetzten Polymeren.

Die erfindungsgeméssen Polymere sind trotz der steifen Strukturelemente in tiblichen orga-
nischen L&sungsmitteln noch ldslich und kdnnen daher in Losung als Beschichtungsmittel
verwendet und leicht verarbeitet werden. Sie weisen sehr hohe Thermostabilititen, Glasum-
wandlungstemperaturen und ausgezeichnete mechanische Eigenschaften auf. Ferner be-
sitzen die erfindungsgeméissen Poly(bis-9,9"-fluorene) Absorptionsbanden im Wellenlang-
enbereich unter etwa 400 nm, sowie Fluoreszensemmissionsmaxima bei Wellenlangen von
etwa 420 bis 460 nm. Es handelt sich somit um blau fluoreszierende Materialien, die erst-
mals als verarbeitbare Polymere bereitgestellt werden.

Ein weiterer Gegenstand der Erfindung ist eine Zusammensetzung aus (a) einem Losungs-
mittel, wie z. B. THF, CH:Cl,, DMF, DMSO oder Toluol, und (b} einem Poly(bis-8,9'-fluorens)
mit gleichen oder verschiedenen wiederkehrenden Strukturelementen der Formel 1.



Anot'hér way of preparing the polyners of the invention is from
2,2'-hal ogenated 9,9'- spirobisfluorenes using a method simlar to that
described by T. Yamanoto et al. in Bulletin of the Chem cal Society of

Japan, Vol. %gy@fnpages 2091 to 2097 (1978) and Macr onol ecuierse/dd91 pages
1214 to 1223 (1 . This nmethod is preferred since polyners having a
defined structure can be prepared in a tali et ed manner. The i nvention
al so provides a process for preparing pol y(bi s-9,9' -fl uorenes) conprising
identical or different structural repeating units of the formula I,
-7 -

Die Menge an geldstem Poly(bis-9,9'-fluoren) hangt im wesentlichen vom Losungsmittel,

Polymerisations- und Vernetzungsgrad und der Substitution ab. Die erfindungsgemassen

Lésungen kdnnen 0,01 bis 80, bevorzugt 0,01 bis 60, bevorzugter 0,01 bis 50, besonders
bevorzugt 0,1 bis 30 und insbesondere bevorzugt 0,1 bis 20 Gew.-% Poly(bis-8,9'-fluoren)
enthalten, bezogen auf die Gesamtmenge der Zusammensetzung.

Die erfindungsgemasse Zusammensetzung kann weitere zusatze enthalten, zum Beispiel
Verarbeitungshilfsmittel, Mittel zur Verbesserung der mechanischen und thermischen
Eigenschaften, Mittel zur Verbesserung des Aussehens, oder Mittel zur Verbesserung der
Hafteigenschaften. Einige Beispiele sind Fliessmittel, oder Haftvermittler, Farbstoffe, Pig-
mente, Warmestabilisatoren und Lichtschutzmittel, Antistatika, Antioxidantien, Gleitmittel,
Entformungshilfsmittel, Fillstoffe, Verstérkertlillstoffe und viskositétserhdhende Mittel.

In einer besonders bevorzugten Ausfihrungsform enthélt die erfindungsgemésse Zusam-
mensetzung {Lésung) zusétzlich wenigstens einen Fluoreszensfarbstotf {Fiuorophor). Be-
vorzugt sind solche Fluoreszensfarbstoffe, deren Absorptionsbande mit der Emmissions-
bande (Fluoreszensemmission) des erfindungsgeméssen Polymers Uberlappt. Die Menge
an zusitzlichem Fluoreszensfarbstoff kann zum Beispiel 0,000001 bis 10, bevorzugt
0,00001 bis 5, bevorzugter 0,0001 bis 3, besonders bevorzugt 0,001 bis bis 2, und insbe-
sondere bevorzugt 0,001 bis 2 Gew.-% betragen, bezogen auf die Menge an Polymer. Sol-
che Farbstoffe sind in grosser Vielzahi bekannt. Einige Beispiele sind Rhodamine, Fluores-
ceine, Cumavrine, Distyrylbiphenyle, Stilbene, Phatalocyanine, Naphthalocyanine, Metall-
kompiexe von Uebergangsmetallen und Lanthanidmetallen. Weiter kdnnen fluoreszierende
jatente Pigmente (solubilisierte Pigmente mit idsungsvermitteinden Substituenten wie zum
Beispiel abspaltbaren Schutzgruppen) aus der Reihe der Diketopyrrolopyrrole oder der Qui-
nacridone, fluoreszierende Perylenderivate oder fluoreszierende Perinone verwendet wer-
den. Ebenfalls verwendbar sind kommerzielle Producte wie Lumogen L Yellow®, Brilliant
Yellow®, Yellow Orange® oder Red Orange® {BASF) und ferner 2,2"-Dihyroxybipyridile und
verwandte Verbindungen. Ferner kdnnen molekular verteilte (geldste) fluoreszierende
Pigmente eingesetzt werden. Solche Zusammensetzungen sind erhaltlich, wenn man mit
Schutzgruppen solubilisierte Pigmente im erfindungsgeméssen Polymer 16st, und
anschliessend die Schutzgruppe zum Beispiel durch erhitzen abspaltet.



[err'] ' where Rerr] is as defined above, which process conprises reacting
a 2,2 -dihalo-9,9 - spirobisfluorene of the fornmula II1, [err]
where R err] is as defined above and X i s hal ogen,

WO 97720877 PCT/EP96/05091
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Die erfindungsgemasse Zusammensetzung (Lésung) kann in Formen unter Entfernung des
Léungsmittels, gegebenenfalls unter Anwendung von Vakuum, zu freitragenden Formkor-
pern und Filmen verarbeitet werden. Die erhaltenen Polymeren kénnen mit zum Beispiel lod
oder Salzen wie zum Beispiel Alkalimetallhexafiuormetaliaten dotiert und als elektrische
Leiter, zum Beispiel als Elektroden verwendet werden. Die Losungen haben besondere Be-
deutung zur Beschichtung von Trigermaterialien.

Ein weiterer Gegenstand der Erfindung ist ein Tragermaterial, das auf wenigstens einer Sei-
te mit einem erfindungsgeméssen Polymer beschichtet ist.

in einer bevorzugten Ausfihrungsform enthélt die Polymerschicht in homogener Verteilung
wenigstens einen weiteren Fluorophor in homogener Verteilung, wobei vorzugsweise die
Emmissionsbande des Polymers mit der Absorptionsbande des Fluorophors tiberlappt.
Durch den Gehalt an zusitzlichen Fluorophoren kénnen durch die Wahl von unterschiedli-
chen Emmissionen im sichtbaren Bereich sémtliche Farben des sichtbaren Spektrums er-
zeugt werden, wobei das Polymer selbst die blaue Fluoreszensstrahlung aufweist. Diese
blaue Fluoreszensgrundstrahlung kann durch blau emmittiernde Fiuorophore verstérkt oder
modifiziert werden. Die bevorzugten Mengen und einige ausgewébhite Fluorophore sind zu-
vor angegeben worden

Tragermaterialien sind in grosser Vielzahl bekannt. Bei dem Tragermaterial kann es sich um
anorganische oder organische Tragermaterialien handeln. Das Tragermaterial kann opak,
transiuszent oder transparent sein. Bevorzugt sind transparente Tragermateriatien. Geeig-
nete Tragermaterialien sind zum Beispiel Kunststoffe, Glas, Keramiken, Mineralien, Gestei-
ne, Metalloxide und -mischoxide, Metallnitride, Metalicarbide, Halbleiter, transparente elek-
trische Leiter {zum Beispiel ITO-Glas, Glastrager mit Sn0,/in,O3 beschichtet), Metalle und
Metaliegierungen.

Die Luminiszens der erfindungsgeméssen Polymere und deren Mischungen mit Fluoropho-
ren kann auch durch elektrische Leiter angeregt werden (Elektrofiuoreszens). Eine beson-
ders vorteilhafte Ausgestaltung der Erfindung sind daher elektrolumniszente Zusammen-
setzungen, die aus einem elektrischen Leiter als Tragermaterial bestehen, der auf wenig-
stens einer Seite mit einem erfindungsgeméassen Polymer afieine oder in Mischung mit we-



in the‘presence of an inert solvent, an alkali metal or alkaline earth
nmetal and a transition netal conplex or netal salt of a transition netal.
Xis preferably F, d or Br, nore preferably C or Br and particularly
preferably Bryg 9.,§h|g.,?abl e solvents are mainly the sol vents pgegpridises
Gignard reactions or exanple aromatic hydrocarbons such as benzene,

tol uene, xylene, nitrobenzene and ethers such as diethyl ether, dipropyl

et her, dibutyl ether, tetrahydrofuran, di"dRane, et hyl ene gl ycol di et hyl
ether, ethylene glycol dinethyl ether and diethylene glycol dinethyl ether.
As al kali netals and al kaline earth netals, use is frengntly made of Li,

Na, K, zn, Cohigstanssinemczusaslichen Fivorpheihesahighietdsti Qie Begenichtngist V&HHQW‘SE A
great many Suyjd é’imaﬁts% e?:@l%kttrddé%m%één. BRHRkERRES IvBrzkGQrinspati istr ansi ti on

nmet al conpl exes can be those of netal ions or uncharged netals. Sone
exanples of netals are Fe, Co, Ni, Mo, C, Wand noble netals such as Pt,

Pd, Ru, |1 ansle eRktrikbhdnllRitera®AnéH je ﬁﬁérﬁAnW&ﬂung opak, transluszent oder transparent und
Halbleiter oder metallische Leiter sein. Transparente Leiter sind bevorzugt mit haibleitenden
Metalloxiden oder Mischungen von Metalioxiden beschichte Giéser.

Die Schichtdicke der Polymerschicht kann zum Beispiel 0,1 bis 1000, bevorzugt 1 bis 500
und besonders bevorzugt 10 bis 200 um betragen.

Die Herstellung des beschichteten Trigermaterials kann in an sich bekannter Weise durch
Tauch-, Streich- oder Giessverfahren, besonders Schleudergiessen erfolgen, wobei die
Schichtdicke (ber den Gehalt an Polymer und gegebenentalis Fluorophor in der Lésung
sowie die Wahl der Verfahrensbedingungen bestimmt werden kann.

Die erfindungsgeméssen Polymeren und beschichteten Tragermaterialien kdnnen tberall
dort eingesetzt werden, wo Markierungen mittels Fluorophoren detektiert oder dekorative
Eflekte erzielt werden sollen. Die beschichteten elektrischen Leiter kdnnen besonders vor-
teilhaft als Leuchtdioden fiir das gesamte sichtbare Spektrum eingesetzt werden. Ferner
eignen sich transparente beschichtete Elektroden fir Bildschirme oder Anzeigeelemente
elektronischer Bildwiedergabesysteme.

Ein weiterer Gegenstand der Erfindung ist die Verwendung der erfindungsgeméssen, gege-
benenfalls zusatzlich mit wenigstens einem weiteren Fluorophor dotierten Polymeren als ak-

tive Strahlungsschicht fiir Leuchtdioden, Bildschirme und Anzeigenelemente.

Die nachfolgenden Beispiele erldutern die Erfindung néher,

A) Herstellung von 9.9'-Spirobisfluorenen

Beispiet A1: Herstellung von 2,2-Dibromo-9,9'-spirobisfiuoren.
Eine Lésung von 0,7 g 2,2™-Diamino-9,9'-spirobisfiuoren in 90 mi halbkonzentrierter wass-
riger HBr wird mit 0,338 g NaNO, in 20 mi Wasser bei O bis °C eine Stunde gerithrt und da-



-8 - ‘conpl exes, the anions can be derived frominorganic or organic

. &ids, for exanple acetic acid, benzoic acid, toluenesulfonic acid,

sul furic aci d and hydrohalic acids. Preference is given to netal halide
conpl exes. rq)I es of uncharged |igands are open-chain and cyclic

1, 3- di enes (B‘S’b 888 %adi ene, cycl ooctadiene), nitrites (acetPSHERPFIS@Nand
benzonltrlle) ethers, alcohols, tertiary phosphines (triphenyl phosphi ne
and tricycl ohexyl phosphi ne), ditertiary diphosphines, tertiary am nes and
ditertiary diam nes such as bipyridine. Sonme exanples of netal conpl exes
are Ni (cyclooctadiene)2 in adm xture with P(Clerr]Herr])3,

Ni[P(C[err] "‘Ef‘c'hrda)s LSéWsLﬂdsQEB]Natanﬂuhﬁhﬁ Hasel zbrdioREDann wird bei 0 °C eine Lésung
Ni Br2[ P(C] err H[err]):%éb|g 2(bipyridine)2, Nil[err Cod 2, Fed [err]
and Fed [ er ryon 0,70h@C 0 f@fha R%ﬂei" riggter-wasseger KBy aygegebendindizwhbTagedel s

preferably eﬁ&wﬂehﬁéram g%hsﬁnanaya&sgefaumefnb@ak@wﬁd aﬁm’thér@ l?n‘nféﬂ WesdAger NADH 2

slight excess can also be used. The amount of npl exes or
transition niidgangmit Wasser gewpsshap Q'elq“P{@fM”g é"%MG‘“ﬁ'B‘P’&FQmlS'l?tT“&"@Tbi‘"GHPQ in

excess or dejrfisggsaitgan be used. The reaction can take place even under
mld conditigny al bORMe GOBE S §o1 14 NLPBRE, 21, 3-H): 7.70 (0, J=8,2 Hz, 2H, 4-H);

7.50 (dd, J=8,2 und 1,8 Hz, 2H, 3-H); 7,38 (1d, J=7,6 Hz und 0,9, 2H, 6-H); 7,14 (id, J=7,6

und 0,9Hz, 2H, 7-H); 6,84 (sd, J=1,8 Hz, 2H, 1-H); 6,71 (d, J=7,6, 2H, 8-H).

Beispie! A2: Herstellung von 2,2’Dihydroxy-9,9'-spirobistiuoren.

Eine Losung von 0,7 g 2,2’-Diamino-9,9"-spirobisfluoren in 70 mi halbkonzentrierter Schwe-
felsiure wird bei O bis 5 °C mit einer Ldsung von 0,337 NaNO; in 20 ml Wasser versetzt
und eine Stunde gerihrt. Die Reaktionslosung wird zu 40 mi konzentrierter Schwefelsaure
gegeben und und eine Stunde am Rickfluss gerithrt. Man filtriert den Niederschiag ab,
wéscht mit Wasser und erhélt die Titelverbindung in 74% Ausbeute.

Beispiel A3: Herstellung von 2,2'-Dihexanoyl-8,9'-spirobisfluoren.

Zu einer Suspension von 79,1 mmol feinteiligem AICI; und 68,9 mmol Hexanoylchiorid in
100 mi CS; wird eine 1.8sung von 31,6 9,9'-Spirobisfluoren gegeben. Man rithrt eine Stunde
bei Raumtemperatur und giesst danach in 40 mi eisgekihltes Wasser. Die Mischung wird
mit Salzsdure angesduert und die beiden Phasen getrennt. Die wéassrige Phase wird einmal
mit Methylenchlorid extrahiert. Dann werden die vereinigten organischen Phasen mit Was-
ser gewaschen und {iber wasserfreiem Kaliumcarbonat getrocknet. Dann wird das L&-
sungsmittel verdampft und die Titelverbindung mit einem Schmelzpunkt von 142 °C wird in

quantitaiver Ausbeute erhalten. Elementaranalyse [(gefunden) (theoretisch)}: C 86.51%
(86.68); H 7.04% (7.0B); O 6.25% (6.24).

Beispiel A4: Herstellung von 2,2’-Dibromo-7,7'-dihexancyl-8,9'-spirobisfiuoren.

Eine Losung von 28,5 mmol 2,2'-Dihexanoyl-8,9"-spirobisfluoren in 50 mi CS; wird langsam
zu einer gertihrten Suspension von 0,171 mmo! feinteiligem AICl; in 100 mi CS, gegeben
und dann eine Stunde am Rickfluss erhitzt. Die Reaktionsldsung wird gekihit und dann 57
mmol Brom in 50 ml CS; zugegeben. Die Mischung wird unter Lichtausschluss Gber Nacht
bei Raumtemperatur geriihtt. Die Reaktionsmischung wird dann auf eine Mischung aus 300



tenperature of, for exanple, up to 150[err]C, preferably up to 100[err]C,
» accel erates the reaction. The pol yneri zation can be carried out by
conbi ning the reaction conponents with the solvent, then heating the

m xture and al QW fgh7 t to react to conpletion. To avoid exgesairyedsyoll ong
I nduction tinmes, a small anmount of elenental iodine, for exanple, can be
added. The reaction can also be carried out_by first preparing the
correspondi ng organonetal | i ¢ conpound (Gri'éﬁérd conmpound) fromthe
di hal 0-9, 9' -spi robi sfluorene and an al kali nmetal or alkaline earth netal or
a corresponding netal alkyl and only then adding a trangjtion. ne

nateh dhang. e

a . al .

conmpl ex.  ThenlgRis yns3amiSaizsgure apgpssen ynd fie £ WHEPY- HENYRSPI9% é}}asgxfgﬁm e

by filtering gffeindl it 208!nd 020 §EWAdCHET] Die V&relnitfter @gaiisohon Fhadenivisrdererain 800y t o

renove salts, precipitation or renoving the solvent. The Jagldégmar st&%%be

purified by rdpldnfpiorentioporassiaer Naf"”é{}?%?ﬁ’ﬁf‘?tg’ﬁé‘?g QeuERehe und dann i azpQy,

ﬁormounds of tdaﬁg&ézisb{rgagh tém %mgmmwgas%mmw ettdiltpricrpdie Titbhaybindungdrd s
nown per se. ' - Di byrono- ' = Spi.rabi r o

di rect bron nSfohusheuts: ébmegﬁf@8%§£ﬁ$%%q Hie&h%ﬁﬁﬁgﬁ%h?g?esgggr?%%g%ﬁg‘ws{g? %ci ds

such as FeBr 3 (6X1); Br 25.88%€23.83).Q 4 4B¥\(¢FVX a

B) Herstellung von Polymeren

Beispiele B1-B4: Direkte Polymerisation von 9,9'-Spirobistlucren (SBF).

1 Mol 9,9'-Spirobisfluoren werden in CS2 mit AlCI/CuCli bei 30 °C polymerisiert. Weitere An-
gaben befinden sich in Tabelle 1. PSBF bedeutet Poly-(8,9"-Spirobisfluoren}. Die Polymeren
sind amorphe und leichtbraune, biau-fluoreszierende Feststoffe. Das Polymer von Beispie!
B2 ergibt bel der GPC-Analyse mit Polystyrol als Standard ein M, von 2684 und ein My, von
16516. Bei der Analyse mit MALDI-MS kann ein Polymerisationsgrad bis 31 nachgewiesen
werden. Das Polymer B1 erweicht bei 349 °C und zersetzt sich bei 434 °C. Die anderen mit

Differential- Thermoanalyse bestimmten Daten sind in Tabelle 2 angegeben.

Tabelle 1

Beispiel AICl, CuCl Reaktios Anteil vernetz- Anteil in CHCl: Gesamt-
{Mol) {Mol) zelt (h) tes Polymer oslichem Poly-  ausbeute

(% PSBF) mer {%PSBF) (%)

B1 05 0,25 2 23 77 13

B2 1,0 0,5 12 18 82 19

B3 1.2 0,6 2 59 59 11

B4 2 1,35 24 98 2 43

Tabelie 2

Polymer von Beispiel Zersetzungstemperatur (°C) 5% Gewichtsverlust bei

B2 426 550

B3 414 640 (10%)

B4 421 657



-9-  Chimica Acta 52(5), page 4253 (1969). The resulting product mi xtures
of conpounds having different degrees of brom nation and positional isoners
can be purified by recrystallization and chromatographic nethods.

2,2 -Dinitr pi robi sfl uorene can be prepared by the .

Vi ssenburgg"r gfﬂ@ page 4253 (1950) and isolated in puré'g?é:P?ﬁ%ts?%mthe
product m xture by recrystallization and chromatographi ¢ nmethods. The
dinitro conmpound can, for exanple, be rethrced using iron in ethanol to give
t he di am ne, then diazotized and reacted with CuBr to form

2,2 -di bronp-9, 9" -spirobi sfl uorene. 2,2'-Diami no-9, 9" -spirobi sfluorene
can be conwgﬂssmﬂyrha%aﬁ&svasmzrmibmommsbfro&éﬂuorbstraal kyl conpounds by

means of al kyl a eacti F‘% di brom) ou Wi t

o ganonet al§ & BieB 3R SrermiD d ARERERe] el ety SRR 38 Wi

di al kyl or Bipyakii|228eng (2ax1i mmsl) Csdbecttatemaenc(ﬁcm) tud 42200 (2,83 miviol) HIEOR), in

pol yoxaal kyl.enedi . . - - h O

pol yoxaal k oe '(e)t%b'ggqe{ ESS}F.IQ F"f'f?gdﬁ @ge&#s}b\é %’%’pv ?'se.% lﬁ%erion%llﬁanM? ln%rtg%’ﬂ\rgon) aut
60 °C erhitzt und bei dieser Temperatur 5 Tage geriihtt. Das entstandene Polymer wird in
HCl-saurem Methanol (100-150 mi) geféilt, filtriert, mit Methanol, verdiinnter Salzs&ure und
Wasser gewaschen und anschlieBend bei 50 °C im Vakuum getrocknet. Man erhalt 0,605¢g
(91% der Theorie) eines blau fluoreszierenden Polymers, das in Tetrahydrofuran, DMF und
CH,Cl, i5slich ist. Die Untersuchung mit MALDI-MS ergibt Polymerisationsgrade um 12. Die

GPC-Analyse mit Polystyroi als Standard ergibt ein M, von 2264 und ein M,, von 8213.

Beispiel B6: Polymerisation von 2,2'-Dibromo-7,7’-dihexanoyl-9,9-spirobisfiuoren.

1 g (1,47 mmol) 2,2’-Dibromo-7,7'-dihexanoyl-9,9"-spirobifluoren werden zusammen mit 274
mg (1,76 mmol) Bipyridil, 158 mg(1,47 mmol) COD und 293 mg (1,76 mmol) Ni(COD), in 15
ml DMF dispergiert. Die Dispersion wird auf 70 °C erhitzt und 4 Tage unter Inertgas (Argon)
bei dieser Temperatur gerithrt. Danach wird analog Beispie! B5 verfahren. Man erhétt 690
myg (90,5 % der Theorie) eines blau fluoreszierenden Polymeren, das in Tetrahydroturan,
Dimethylformamid und CH,Cl, l6slich ist. Die GPC-Analyse mit Polystyrot als Standard er-
gibt ein M, von 3681 und ein M, von 6306. Die Zersezungstemperatur des Polymeren liegt
bel 308 °C und der Gewichtsverlust bei 600 °C betragt 356%.

C) Anwendungsbeispiele

Beispiel C1;

Das Polymer von Beispiel B2 beziehungsweise Beispiel B5 wird in CH,Cl, geiost und mittels
Schieudergiessen ein 100 nm dicker Film auf einer Quarzplatte hergestelit und das Ab-
sorptions- wie das Emmissionsspektrum gemessen. Das Absorptionsmaximum liegt in
beiden Féallen bei Amax gleich 370 nm das Emmissionsmaximum bei Ams, gleich 420 nm. Zur
Messung des Emisionsspektrums wird beim Absorptionsmaximum {370 nm) eingestrahlt
und die emmitierte Strahlung mit einem hierflir geeigneten Geréat (Fluoreszensspekirometer)
wellenldngenabhénig gemessen.



Di azotized 2,2'-dinitro-9,9' -spirobisfluorene can be converted by neans of
concentrated sulfuric acid into 2,2'-di hydroxy-9, 9' -spirobisfluorene which
can be esterified in a nanner known per se.

2, 2" - Di met hylyw@ofhosspi r obi sfl uorene can be oxidized in a cuGTERAYSIPEENNEr
to give the carboxylic acid and then esterified or am dated.

9,9' - Spi robi sfluorene-2,2"-sul fonic acid_jg_obtainable in a known manner by
oxi dation of 9,9 -spirobisfluorene-2,2"-dithiol, with the dithiol being
obt ai nabl e by nucl eophilic substitution of

2,2' -di brono-9, 9" - spi robi sfl uorene. 2,2 -Diacyl-9,9' -spirobisfluorenes
can be obtai i » sinple manner and in high yields by Friedel-Crafts
acyl ati on usjipgdéemPeRier hemass Bhispil Beledrdiem Filregeméss Beispieb€1 hegesielidias such
as AlCl [err]. It has, surprisin bheen. f . j : unds of
the fornula fPFOBYaS PR kergle&ﬁ' zyfé;efsggevgﬂaﬁ{ﬂg%ﬁeﬁgg? g’%{gﬁ/"%'gg romthe
conpounds of tibAshaiipkabsi Ak gleich 340 aid FF5omm pul. Das Emmissiopemayenmdieghiei Amsk he
reaction is carried out using el enental hal ogen, for exanple C[err], Br2
or 12, prefePSPPBPS in the presence of an excess of a Lewis acid. The
i nvention further provides conpounds of the formula |V,

Beispiel C3:
Aus dem Polymer gemass Beispiel B6 wird ein Film geméass Beispiel C1 hergestellt, wobei
zusatzlich 0,5 Gew.-% eines Fluorophoren gelést werden. Die Ergebnisse sind Tabelle 3

angegeben.
Tabelie 3
Fluorophor Absorsoption (Amax) Photoluminiszens {Amax)
(Emmisionsmaximum)
N
\ 437 503
i ~ NH
NICH,), ©
C(CN),
L CH=CH 480 565
CH,
N(CH,),
= l {CH=CH);
N
Yo e NICH),
CH; * 479 655




C[0- rrj e X is halo and R3 is (Jerr]-Cerr]alkyl,
rr err]aryl, | k ,

HEE et e RS ] R G .
-C(O) OH, - Cld S¥debe '] - C[err]a kyl', (O - N(C[ err] - err] addeipsgaso

Sgerr]H -SQerr]Cerr]- errJalkyl, -S2-N(C[err]-Cerr]alkyl) 2,
C[er ]-Cerr]alkyl-C(O-0 or Cerr]- C[(_a%]alkyl-C(O)-, R2is Hor (err]-

PATENTANSPRUECHE:

1. Poly(bis-9,9"-fluorene) mit gleichen oder verschiedenen wiederkehrenden Struk-
turelementen der Formel |,

.

worin

die beiden R, unabhéngig voneinander H, C4-Cia-Alkyl, Cs-C14-Aryl, C;~Cis Aralkyl, C1-Cys-
Alkoxy, Rz~{O-CyHzn)m-0-, C1-Cia-Alkylthio, C-C1e-Dialkylamino, -C{O)OH, -C({O}O-C4-Cyg-Al-
kyl, -C{O)}-N(C-Cg-Alkyl)z, -SO3H, -SO»-C-Cg-Alkyl, -SOz-N(C1-C1e-Alkyl)2, C1-C7-Alkyl-
C(0)-O- oder Cy-C7-Alkyl-C{O)- darstelit, R, H oder C:-C2-Alkyl bedeutet, n fur eine Zahl
von 2 bis 6 steht, und m eine Zahl von 1 bis 12 bedeutet.

2. Polymere geméss Anspruch 1, dadurch gekennzeichnet, dass die Alkylgruppen im Rest
R als Alkyl, Alkoxy, Alkylthio, Diaminoalkyl, Carbonséureester oder Sulfonsdureester, Car-
bonsaureamide oder Sulfonsaureamide, Alkyl-CO»- und Alkyl-C(O)- linear oder verzweigt
sind und 1 bis 12 C-Atome enthalten.

3. Polymere geméss Anspruch 1, dadurch gekennzeichnet, dass R, als Aryl bevorzugt 6 bis
10 C-Atome enthéit.

4, Polymere gemass Anspruch 1, dadurch gekennzeichnet, dass R, als Aralkyl 7 bis 12 C-
Atome enthélt und die Alkylengruppe im Aralkyl 1 oder 2 C-Atome enthitt.

5. Polymere geméss Anspruch 1, dadurch gekennzeichnet, dass in den Polymeren der
Formel | die beiden R; fur gleiche Reste stehen.



C[er'r]’al kyl, nis from2 to ' to 12. X is preferably O,
. Br or 1, nore preferably C I mm{”’L m ularly preferably Br. For
Rlerr], the preferences and prefernedn nts given for Rerr] in

formula | appyysrnegne i nvention also provides a process fICIEREEIPNg t he
conmpounds of the fornmula IV, which conprises reacting a conpound of the
formul a V, [err] where Rl err] _bg.as defined above, in an inert
solvent with el enental hal ogen in the presence of

6. Polymere gemass Anspruch 1, dadurch gekennzeichnet, dass in den Polymeren der
Formel | R, je fiir H, C4-C12-Alky-C(O)- oder C4-Cz-Alkoxy steht.

7. Polymere gemass Anspruch 1, dadurch gekennzeichnet, dass sie Idslich und wenigstens
teilweise vemetzt sind, und dass sie Strukturelemente der Formel (la), Ib oder beide Struk-

turelemente enthalten,

| (1a),

Q-0
222

worin R; die zuvor angegebene Bedeutung hat.

(b},

8. Polymere gemiss Anspruch 1, dadurch gekennzeichnet, dass der Polymerisationsgrad 2
bis 100 betragt.

9. Polymere gemiss Anspruch 1, dadurch gekennzeichnet, dass der Polymerisationsgrad 3
bis 50 betragt.

10. Polymere geméss Anspruch 1, dadurch gekennzeichnet, dass der Polymerisationsgrad
3 bis 40 betragl.



an exceéss of a Lewi s aci uumﬂ! ﬁm" tenperature can be fromroom
- tenperature to 200[err] C 20 to 100C and particularly
preferably from 20 to 50C. The reacti’on*is particularly preferably carried
out at room wyemeezure, which may require cooling at the kheg) F of t he
reaction. The hal ogen is preferably used in equinolar armunt
Suitabl e solvents are polar aprotic solvenys which can be used alone or in

m xtures. Some exanpl es are open-chain or“cyclic ethers, carbon disulfide
and hal ogenated aliphatic or

11. Polymere gemass Anspruch 1, dadurch gekennzeichnet, dass der Polymerisationsgrad
5 bis 30 betragt.

12, Verfahren zur Herstellung von Poly(bis-9,9"-flucrenen) mit gleichen oder verschiedenen
wiederkehrenden Strukturelementen der Formel §,

UX

]

oVe
YA

und gegebenentalls gleichen oder verschiedenen Strukturelementen der Formein

.
¢

{la),

A

O

Dad
O~

worin R, die in Anspruch 1 angegebene Bedeutung hat, dadurch gekennzsichnet, dass
man

C

(Ib),

)

a) wenigstens ein halogenfreies 9,9"-Bisfluoren der Formel 1,



cycl oal i phati c hydrocarbons. | e f suitable Lewis acids are BF3,
. BdJ[err], NBﬂmr];ngu | B eCl[err], Fed[err], FeBr2,

FeBr 3, TiCI4, Ti Br4, Snd ] and SnBr4. Preference is given
to using Al Clywehideser Al Br 3. Excess can mean that the LewbGI/ERISOSI9N
otherwi se used in catalytic anmounts in hal ogenation reactions of aromatics
are present in an anount of at least 1 no preferably at least 2 nol, nore
preferably at least 4 nmol and particulariy preferably at |least 10 nol,
based on 1 nol of the compound of the forrmula V. The isolation of the
desired conpounds and their purification can be carried out in a customary
manner; purificatio self of ten not necessary since by-products are
formed only in smnal R&, conpounds of the invention are, depending
on substitution, crys
aprotic solvents and are
have a bl ui sh fl uorescep
general ly uncross]|
pol ymers of the ifhvh :
and can therefore beUSed and

erefore readily processible. Even(i)he nononers

s and are well suited to preparing defined and

S. Despite the stiff structural units, the
till soluble in customary organic sol vents
readily processed in solution as coating

worin R, die in Anspruch 1 angegebene Bedeutung hat,
in Gegenwart eines inerten Ldsungsmittels kationisch-oxidativ polymerisiert.

13. Verfahren zur Herstellung von Poly{bis-8,9'-fluorenen) mit gleichen oder verschiedenen
wiederkehrenden Strukturelementen der Formel !,

.

&0
NS

worin R, die in Anspruch 1 angebenen Bedeutungen hat, dadurch gekennzeichnet, dass
man ein 2,2"-Dihalogen-9,9'-spirobisfluoren der Formel i,

oy

&

(i),

:
o

worin R; die in Anspruch 1 angebenen Bedeutungen hat, und X fir Halogen steht,
in Gegenwart eines inerten Losungsmittels, eines Alkali- oder Erdalkalimetalls und eines
Uebergangsmetaltkomplexes oder Metallsalzes eines Uebergangsmetalls reagieren lasst.



materi als. They have very stabilities, glass transition
- tenperatures and excel |l en mfw F Eﬂl’f erties. Furtherm)re t he

pol y(bis-9,9" -fluorenes) o have absorption bands in the
wavel engt h wRgdmassel ow about 400 nm and fl uorescence emppSigpdsdE8es M at
wavel engt hs of from about 420 to 460 nm They are thus blue- fluorescing
mat eri al s whi ch have been provided for t first tinme as processible
pol ymers. The invention further provi dés a conposition conprising (a) a
solvent and (b) a poly(bis- 9,9 -fluorene) having identical or different
structural repeating units of the forrmula I.
-12 - The anopunt of dissolved pol y(bis-9,9" -fluorene) depends essentially

on the sol venwerfiiién d@pasecAprues g @idurohlgeRénn2aichribt s XM C)Od& Bt stdhe
substitution. The solutions according to the invention can contain from

0.01 to 80% by weight, preferably fromO0.01 to 60% by wei ght, nore
pref er abl y s ¥erhdddgenoddsFrarbgl Iei ght, particularly preferably fromO0.1 to
30%

i),

worin

X fiir Halogen steht, und

Rj C-Cys-Alkyl, Cs-Ci4-Aryl, C7-Cis Aralkyl, Cy-Cyg-Atkoxy, Rz-(O-CrHan)m-O-, C-Cig-Alkyi-
thio, C,-C,e-Dialkylamino, -C{O)OH, -C(O)O-C-Cg-Alkyl, -C(O)-N(C:-C1g-Alkyl)z, -SOsH,
~S03-C1-C1e-Alkyl, -SO2-N(C4-C1g-Alkyl)z, Ci-Cy7-Alkyl-C(O}-O- oder C,-C7-Alkyl-C(O)- dar-
stelit, R, H oder C4-Cy2-Alky!l bedeutet, n f{ir eine Zahi von 2 bis 6 steht, und m eine Zahl
von 1 bis 12 bedeutet.

16. Verbindungen geméss Anspruch 15, dadurch gekennzeichnet, dass X fiir Cl oder Br
steht.

17. Vertahren zur Herstellung der Verbindungen der Formetl IV geméss Anspruch 15, da-
durch gekennzeichnet, dass man eine Verbindung der Formel V,

(V),



by weight and very parti r y fromO0.1 to 20% by wei ght, of
pol y(bis-9,9" - fl uoreneJ]ﬂﬁEMimﬂ“@lm al anmount of the conposition.
The conposition of the tinvensi on can conprise further additives,
for exanpl e paarcesesg ai ds, agents for inproving the necharctabosaised:
thermal properties, agents for inproving the appearance or agents for

| nprovi ng the adhesion properties. Sone ex%r[pl es are fluidizers, or

adhesi on pronoters, dyes, pignments, heat stabilizers and |ight stabilizers,

antistatics, antioxidants, lubricants, nold rel ease agents, fillers,

reinforcing fillers and viscosity-increasing supstances.. In a . .
particul arly Wt Redietp AnspBEh ﬁgﬁ{rgeqeh@e&ﬁﬁiﬁgtgm ?}n'"(?f”ef'HBe'?‘?ﬂr}éﬁ[‘?Wme' mit
(sol ution) f ugbhehtaRaRilb§RSn Begbast eitsscicbbisoaseesiherdyp@isschlrs amsphaor e) .
Preference is given to those fluorescent dyes whose absorption band
overl aps the em ssion band (fluorescent em ssion) of the polynmer of the
i nventi on. Thts. Medalwen gémaskdArispauch i 7 f daduich gekamnzeighaet dassodie Realtionstampére;

from 0. 00000 ub99§9%r@¥@§%ﬂég{?%is§%e&%ﬁﬁty from 0.00001 to 5% by wei ght,

nore preferab rom by “werght, particularly preferably from
0.001 to 3% by weight and very particularly preferably fromO0.001 to 2% by

wei ght, based, o, the anmpun . ; 3
exanpl &5 ar o FRISHRL AL SeHRfs (SgRBn 7 dmcu M G HERIGREE Sell Gos SO 1w RETE
sti | benes, phmbiatendyengeneingesedgdmirdal ocyani nes, netal conpl exes of

transition netals and | anthanide netals. It is also possible to use
fluorescent |atent pignents ‘sol ubi | i zed pignents having sol ubili zi

L g > . . ng .
substituents 3%Meriakreq gemassMIsErysh v <3adicea ggkennzrishneb dass escsigh ke Aemkewis-oup
consi sting of sglirflrR B, BUID AT, AIOkS ZAC!,, ZnBr,, FeCly, FeCls, FeBry, FeBra, TiCl, TiBrs,

8nCl;, SnBr;, SnCl, und SnBrg handelt.

21. Verfahren gemdss Anspruch 17, dadurch gekennzeichnet, dass die Lewiss&uren in
einer Menge von mindestens 1 Mol eingesetzt werden, bezogen auf 1 Mol der Verbindung
der Formel V.

22. Verfahren gemass Anspruch 21, dadurch gekennzeichnet, dass die Lewiss@uren in
einer Menge von mindestens 4 Mol eingesetzt werden.

23. Zusammensetzung aus (a) einem Losungsmittel und (b) einem Poly(bis-9,8'-fluorene)
mit gleichen oder verschiedenen wiederkehrenden Strukturelementen der Formel | gemass
Anspruch 1.

24. Zusammensetzung geméss Anspruch 23, dadurch gekennzeichnet, dass die Menge an
geldstem Poly(bis-9,9'-fluoren) 0,01 bis 80 Gew.-% betrdgt, bezogen auf die Gesamtmenge
der Zusammensetzung.

25. Zusammensetzung gemdss Anspruch 23, dadurch gekennzeichnet, dass sie zusatzlich
wenigstens einen Fluoreszensfarbstoff (Fluorophor) enthélt, dessen Absorptionsbande mit
der Emmissionsbande (Fluoreszensemmission) des Polymers der Formel 1 iberlappt.



qui nacri dones, fluorescent perylene derivatives or fluorescent perinones.
-kt is |ikew se possible mml ﬂ L products such as Lunbgen L
Yellowerr], Brilliant \mu‘ " RS "®bw Orange[err] or Red Orange[err]
(BASF) and ' - di hydr dxybi pyridyls and rel ated conpo . | ecul arly
$asmz HFRgetfls

di spersed ( ved) fluorescent pignents can al so be us

conpositions are obtainable by dissolving pi gnents sol ubilized by neans of
protective groups in the polyner of the-Rfvention and subsequently
splitting off the protective group, for exanple by heating.

-13 - The conposition (solution) of the invention can be processed in
nol ds w t h eerdsanmehsetheggeimass Ansprichi2ss dadiachngekie neaeichnetadass mieo¥engacmum
to produce N ' ' L | _Pelyner ' can be
doped i t h, PAEESHeA EfBfesEhetirla & 8bdch oif1q G- BB thaflri F R

hexaf | uor omMenpageBolymar.used as el ectric conductors, for exanple as

el ectrodes. The solutions are of particular inportance for coating support

mat eri al s. X
27. Zusammensetzung gemass Anspruch 25, dadurch gekennzeichnet, dass es sich bei

dem Fluorescensfarbstoff um Rhodamine, Fluoresceine, Cumarine, Distyrylbiphenyle, Stil-
bene, Phatalocyanine, Naphthalocyanine, Metallkomplexe von Uebergangsmetallen und
Lanthanidmetallen handelt.

28. Tragermaterial, das aut wenigstens einer Seite mit einem Polymer geméass Anspruch 1
beschichtet ist.

29. Tragermaterial geméss Anspruch 28, dadurch gekennzeichnet, dass das Polymer zu-
satzlich wenigstens einen Fluoreszenstarbstoff (Flucrophor) in homogener Verteilung ent-
hélt, dessen Absorptionsbande mit der Emmissionsbande (Fluoreszensemmission) des Po-
lymers der Formet 1 Giberlappt.

30. Tragermaterial geméss Anspruch 28, dadurch gekennzeichnet, dass es sich um ein
ancrganisches oder organisches Tragermaterial handelt.

31. Tragermaterial gemass Anspruch 28, dadurch gekennzeichnet, dass es opak, translus-
zent oder transparent ist.

32. Tragermaterial gemdss Anspruch 28, dadurch gekennzeichnet, dass es aus der Gruppe
Kunststoffe, Gias, Keramiken, Mineralien, Gestsine, Metalloxide und -mischoxide,
Metallnitride, Metallcarbide, Hatbleiter, transparente elektrische Leiter, Metaile und
Metallegierungen ausgewahit ist.

33. Elektrolumniszente Zusammensetzungen gemass Anspruch 32, die aus einem
elektrischen Leiter als Tragermaterial bestehen, der auf wenigstens einer Seite mit einem
erfindungsgemassen Polymer alleine oder in Mischung mit wenigstens einem zuséatzlichen
Fluorophor beschichtet ist, dessen Absorptionsbande mit der Emmissionsbande (Fluores-
zensemmission) des Polymers der Formel | {iberlappt.



The ‘i nvention further I“ﬂﬂmm“ pport material which is coated on at
. feast one side with a”ﬂl‘mm to the invention. In a preferred
enbodi ment, the pol ymer | dyet cbnptises at |east one further fluorophore
di spersed hoan,ega,ggygsly in the polyner layer; the em ssion perrdreshsidhe
pol ymer preferably overl aps the absorption band of the fluorophore. By
means of the content of additional fluorophores, all colors of the visible
spectrum can be generated by selection of ‘different em ssions in the
visible region, with the polynmer itself having a blue fluorescence. This
bl ue basic fluorescence can be reinforced by blue-emtting fluorophores or
nodi fi ed. The preferred anmounts and sone sel ected fl uorophores have been
i ndi cat ed ab%aeTrage:?nélémgerﬂaumh mépmummauumeﬂadam gokenrizoiohwet, dElse die
support material can be an inor anlc Qr ‘&9 g gpport material. The
suppor t mat erfeichidighe ger Blyperech ‘WQHSH“’UE '?efap nsparent. Preference is
given to transparent support materials. Exanples of suitable support
materials are plasti | ass,. cerm cs, nne |des and
Total i xed 3 Wastenfigiader TGS RRen; SeeapaTeRes Setfzie TR Hep gkt andh
t ransparent a},@@tgni mu&mu amwnsn Polymeeancaipaldive $&hlg+gssmtchgiuasmchtﬁqmn.t S
coated with 82/ nZnLP% S %}\q netal all oys. The | um nescence of the
pol ymers of t (ﬁ?z?ﬁﬁ"?% ‘m xtures with fluorophores can al so be
stinmulated by electric conductors (el ectrofluorescence). A particularly
advant ageous



embodi rrenyM? 2??164!'?‘/%\?&% on is therefore an el ectrol um nescent conposition
conprising an electric conductor as support material which is coated on at
| east one side with a polyner according to the invention either alone or in
‘admi xture with at | east one additional fl uorophore. The coating is
preferably connected to a count erel ect roda which is particularly preferably
t ransparent. - 14- The
el ectric conductors can, dependlng on the application, be opaque,

, iotyisfh reparaticroartisheipuse.or netal | i ¢ conduct ors.
Tr anspar ent conductors are preferably gl asses coated wi th sem conducti ng
netal oxides or mxtures of netal oxides. The t hickness of the pol yner

| ayer cang Pfgre%y p% Eﬁ atIa# i }féstiu(?teé %89 APt REE bEl RS YplrbSiRubrdrdsp Q0 PM

and partic
process for their preparatlon a composition comprlsmg a support material and a layer of an

unsubstituted or substituted poly(9,9’-spirobisfluorene), which may, if desired, further
comprise a luminophore; a composition comprising an unsubstituted or substituted poly(9,9'-
spirobisfluorene) which comprises a luminophore; and the use of the compositions or the
poly(9,9'-spirobisfluorenes) as fluorophores, for example in light-emitting diodes or
electrodes in display applications, and also 2,2’-dihalo-7,7'-disubstituted 9,9"-bisfluorenes.

In recent times, materials which emit fluorescent radiation have attracted greatly increased
interest for display elements or photodiodes. In Adv. Mater. 1994, 6, No. 3, pages 190 to
198, J. M. Tour describes polyphenylenes which are known to emit blue fluorescent light.
The good mechanical and thermal properties of the polyphenylenes are known. The
insolubility in organic solvents and the associated unsatisfactory processibility and also the
instability of doped polyphenylenes greatly impairs commercial utilization. There is a great
need for blue-fluorescing and processible materials based on aromatic hydrocarbons, which
materials have excellent thermal and mechanical properties (for example thermal stabilities
above 200°C), the polymers should be able to be prepared easily and, in particular, the
targeted preparation of defined polymers should be possibie. Furthermore, it is desirable for
the polymers to be suitable -as matrix for the incorporation of small amounts of different
fluorophores in order to obtain fluorescent emissions over the entire visible spectrum.

It has now surprisingly been found that 9,9™-bisfluorenes can be polymerized to give blue-
fluorescing polymers which are soluble in many solvents and are therefore also readily
processible, for example by means of customary coating processes. The polymers have
excellent thermal and mechanical stabilities and are excellent matrix systems for the
incorporation of molecular fluorophores which can be used in fluorescent displays and in
electroluminescent displays.

The invention provides, firstly, soluble poly(bis-9,9-flucrenes) comprising identical or
different structural repeating units of the formula 1,



The coated support material can be produced in a manner known per se by

di ppi ng, painting or casting processes, particularly spin coating, with the
thickness of the layer being able to be determ ned by neans of the content
of polymer and, if used, fluorophore in the solution and al so by selection
of the process conditions. The pol ynmer§ and coated support materials of
the invention can be used wherever nmarkings by neans of fluorophores are to
be detected or decorative effects are to be achieved. The coated el ectric
conductors can be ed p Lcularly advantageously as light-emtting di odes

for the entire ' @ F@ Transparent, coated el ectrodes are al so
suitable for VDUs @ el éments of electronic image reproduction

syst ens. The invent\o further provides for the use of the polyners, if
desired additionally gOped with at | east one further fl uﬁ}:ophore, of the
I nvention as acti ye tye layer for light-emtting di odes, VDUs and

di spl ay el energ.s- pwi-ng exanples illustrate the invention. A)
Preparation of 9,¥

where

the two R;s are, independently of one another, H, C,-Cyealkyl, Cs-Ciqaryl, C;-Cysaralkyl,
Ci-Cisalkoxy, Rz-(O-CiHan)m-O-, Ci-Csalkylthio, Ci-Ciedialkylamino, -C(O)OH, -C(O)O-
C1.Csalkyl, -C(O)-N(C,-C,salkyl),, -SO;H, -SO;-C4-Cysalkyl, ~-SO,-N(C4-C1aalkyl),, C1.Cqralkyl-
C(0)-O- or C4-C7alkyl-C(O)~, R; is H or C4-Czalkyl, n is from 2 to 6 and m is from 1 to 12.

The alkyl groups in alkyl, alkoxy, alkylthio, diaminoalkyl, carboxylic ester or suifonic ester,
carboxamide or sulfonamide, alkyl-CO, and alkyl-C(O)- radicals R; can be linear or
branched and preferably contain from 1 to 12, particularly preferably from 1 to 8, C atoms.
Some examples of alkyl are methyl, ethyl, n- and i;propyl, n-, i- and t-butyl, and the isomers
of pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tetradecyl, hexadecyl and
octadecyl.

Aryl radicals R, preferably contain from 6 to 10 C atoms. Some examples are naphthyl,
biphenylyl and, particularly preferably, phenyl.

Aralkyl radicals R, preferably contain from 7 to 12 C atoms and the alkylene group in the
aralkyl radical preferably contains 1 or 2 C atoms. A preferred example is benzyl and also
phenylethyl.

Halogen atoms R, are preferably F, Cl or Br.

Alkyl radicals R, preferably contain from 1 to 8 and particularly preferably from 1 to
4 C atoms. They can be linear or branched. Some examples are methyl, ethyl, n-propyl and

n-butyl.

In the radical Ry~(O-CnHan)m-O-, n is preferably from 2 to 4, particularly preferably 2 or 3.



Exanpl'e Al: Preparation of 2,2'-dibrono-9,9'-spirobisfluorene A solution of
0.7 g of 2,2'-diam no-9, 9" -spirobisfluorene in 90 mM of half-concentrated
aqueous HBr is stirred at fromO to [err]Cwith 0.338 g of NaNO2 in 20 m
‘of water for one hour and the excess sod'%um nitrite is then destroyed using
urea. Subsequently, at O[err]C, a soluti®n of 0.701 g of CuBr in 50 m of
hal f - concentrat ed aqueous HBr is added and the m xture is stirred for two
days at roomtenperature. The product which has precipitated is filtered

of f, washed with 2N aqueous NaCOH and then with water. Reprecipitation from

met hanol gy . i upd. i | f %, 4 : 400
vh - cocr B ETRdiEA RayDl €IS B plemBrablyhain 't ¥ articuiany preferaply i 10,
7.50 (dd,6J=8.2 and 1.8 Hz, 2H, 3-H); 7.38 (td, J=7.6 Hz and 0.9, 2H, 6-H);
7.14 (td, J=7,6 and 0.9 Hz, 2H, 7-H); 6.84 (sd, J=1.8 Hz, 2H, 1-H); 6.71
(d, J=7.6, 2H, 8-H).

In a preferred embodiment of the invention, the two Rss in the polymers of the formula | are

identical radicals as defined above.

In a preferred embodiment of the invention, each R, in the polymers of the formula | is H,
C1.C1zalkyl-C(O)- or C1-C1zaikoxy.

The polymers of the invention can be crosslinked, which depends essentially on the method
of preparation. The degree of crosslinking can be so high that a virtually only crosslinked low
molecular weight polymer, which is, however, still soluble, is obtained. Such polymers
comprise structural units of the formula la, Ib or both structural units,

0.0 .

i a,
998

@

O~

where R, is as defined above.

Structural units of the formula 1a are formed from monosubstituted 9,9'-bisfluorenes and
structural units of the formuia Ib are formed from unsubstituted 9,9"-bisfluorene.



Exanpl e A2: Preparation of 2,2'-dihydroxy-9,9'-spirobisfluorene A solution
of 0.7 g of 2,2'-diamno-9, 9" -spirobisfluorene in 70 m of

hal f-concentrated sulfuric acid is adm xed at fromO to 5C with a solution
of 0.337 g of NaNO2 in 20 ml of water angd the m xture is stirred for one
hour. The reaction solution is added to"40 m of concentrated sulfuric acid
and stirred under reflux for one hour. The precipitate is filtered off and
washed with water, giving the title conpound in a yield of 74% Exanpl e
A3: Pr epafhg degregfof polymetizationainumben ob strugtiinabrepeatingourits® can el faom @ntoof0031. 6

inely di ToTRo iy Bo SYE86 e HatE braraba IR TS AT pdriplodGRerdfony

CS2. 'Cli'he fiomiSuto 0. The termrpelyniers thuscalsmencontpassasoligomees:. i germrdntﬂze}}ﬁe@mers
byeir ochi ot 8 dibuch cbfiBiadPbolytel Bleins bt dirblefit hEorbls O bbfietitandn enqin

ext ract edlepgthe).wi t h net hyl ene chl ori de. The combi ned organi ¢ phases are
t hen washed with water and dried over anhydrous potassium carbonate. The
solvent is then evaporated and the title conpound having a nelting point of
142C i s obreapelgmersnofithainvention can beé preparddl byrmettidds dmawp et skfandrisy methods
(theoreti . 9 _ 4% (7.08); O 6.25% (6. 24). Exanpl e
A4 Preparak%dgrlfs(%ﬁ@?gﬁ?%érgrg%%%?,hgrgtg exanoyl -9, 9' -spi robi sfl uorene A
solution of 28.5 mmol of 2,2'-di hexanoyl -9, 9" -spirobisfluorene in 50 m of
CS2 is sl d I epsion of 0. 171. of fipely di.vided
Ad [err ]ﬁifgn}ﬁfgg% fu(%tﬁe%ggﬁyr’?éeﬂdﬁgoﬁgs or grepgrmg pgly(%lsggfg’l-ﬂuorenes co%pnsmg
identical or different structural repeating units of the formula I,

O.Q R,

(D,
g QO
and, if desired, identical or different structural units of the formulae
R1
(1a),

A A
N



m,xture is then refluxed for one hour. The reaction solution is cool ed and

57 mmol of bromine in 50 mM of CS2 are then added. The m xture is stirred

overnight at roomtenperature with exclusion of light. The reaction m xture

is then poured onto a m xture of 300 m pf ice and 30 m of hydrochloric

acid and the phases are separated. The égﬁeous phase is washed twice with

200 Ml of CS2. The conbi ned organi c phases are washed with 300 m of five

per cent aqueous sodi um bi carbonate sol ution and then dried over Na2S{ err]

Evaporati on of the=sQlve gives the title conpound in a yield of 95%

El ement al anal ysi heoretical)]: C 64.98% (66.28); H 4.87% (5.11);

Br 25.33% (23. 83) LT17).

- 16 - B) Preparati on @f pol yners Exanpl e B1-B4: Direct polynerization
offe (SBF) 1 Mol of 9,9'-spirobisflu@Pene is

+—CS2 using Al [err]/Cud . Further

where R, is as defined above, which process comprises cationically-oxidatively polymerizing
a) at least one halogen-free 9,9"-bisfluorene of the formula il,

(i,

where R, is as defined above,
in the presence of an inert solvent.

Examples of suitable solvents are N,N-disubstituted carboxamides and N-substituted
lactams (dimethylformamide, N-methylpyrrolidone), esters (butyl acetate), ethers (dibutyl
ether), sulfoxides (dimethyl suifoxide), sulfones (tetramethylene sulfone), aliphatic and
aromatic hydrocarbons (toluene, xylene), halogenated or nitrated aliphatic and aromatic
hydrocarbons (carbon tetrachloride, tetrachloroethane) and carbon disulfide.

The cationic-oxidative polymerization has been described for benzene by P. Kovacic et al. in
Tetrahedron Letters No. 11, pages 467 to 469 (1862) and can aiso be employed analogously
for the polymerization of 9,9'-spirobisfluorenes.

The polymerization is carried out, for example, using oxidizing Lewis acids such as FeCl; or
using Lewis acids, mainly metal halides such as AICl;, AlBrs, BF; or BCl,, in combination with
an oxidizing agent such as a metal compound having a relatively high oxidation state. Use is
frequently made of CuCl,. Oxidizing agents such as KMnO,, Fe™ salts and benzoquinone



i nformation may be found in Table 1. PSBF is poly(9,9' -spirobisfluorene).
The pol yners are anor phous and |ight brown, blue-fluorescing solids. Wen
anal yzed by GPC using polystyrene as standard, the polyner of Exanple B2
gives an Merr] of 2684 and an Merr] of .16 516. A degree of polynerization
of up to 31 is found by MALDI - M5 anal ysTg.' The pol yner Bl softens at
349[err] C and deconposes at 434[err]C. The other data determ ned by
differential thermal analysis are shown in Table 2. Tabl e 1 Exanpl e

Al d [ er r ] derivati@s surbzaasttetsachiarobgrzoquinonetarcalss be LBeddbist aismpossilioto/employ

Tot al r Tlectrcg/cpgrﬁ(‘j&?&idat‘o’ﬁ?* L suftélﬂg on(dé}\ic wwegmg ERQ&%H%G P°|Y'§§}§1§$L'§>S:32)

CH2d [ e

(% of PSBF) Bl 0.5 0. 25 2 2

77 B2 N . 12 . . 18 . )

82 The nﬁar rati 3of spurob:sﬁg%ene tg.%taiyst orzlgewvs acid can hggfrom 1:0.2 to 1:2,
59 preferatily fromB1:0.4 to 1:1.8 and particulaBi§ preferaly from 1:0.5 to 1:92. The molar ratio

2 . 0 . Q X TPOSidi :

t enper at u(r:fel_een?%?trn? g@*@l@fﬁ&ggﬁ{cﬁ@% E‘é{'té}?a%m%ﬁl 1.0%%01. , preftera%'f'y from 1.0.3

426 to 1:0.8 and particularly preferablyGrom 1:0.4 to 1:0.6B3

414 640 (10% B4

421 657

The reaction temperature is preferably from 20°C to 200°C, more preferably from 20°C to
150°C, particularly preferably from 20°C to 100°C and most particularly preferably from 30°C
to 80°C.

The reaction can be carried out, for example, by adding the catalyst to the dissolved
spirobisfluorene, if desired heating the mixture and allowing it to react for some time (for
example up to 24 hours) while stirring. The polymer formed can then be precipitated and
filtered off or the solvent can be removed. To remove the Lewis acids/oxidizing agents, the
residues can be washed with water, dried and then treated with solvents such as methylene
chloride or tetrahydrofuran to isolate the desired soluble polymers.

In this polymerization method, crosslinked polymers are frequently formed and insoluble
polymers can easily be removed. The degree of crosslinking can be influenced by the
reaction conditions, for example the monomer concentration in the reaction mixture, the
amount of catalyst and the ratio of catalyst to oxidizing agent, and by the reaction
temperature.

Another way of preparing the polymers of the invention is from 2,2-halogenated 9,9'-
spirobisfiuorenes using a method similar to that described by T. Yamamoto et al. in Bulletin
of the Chemical Society of Japan, Vol. 51 (7), pages2091 to 2097 (1978) and
Macromolecules 25, pages 1214 to 1223 (1992). This method is preferred since polymers
having a defined structure can be prepared in a targeted manner.

The invention also provides a process for preparing poly(bis-9,9'-fluorenes) comprising
identical or different structural repeating units of the formula |,



Exanpte B5: Polynerization of 2,2'-dibronp-9,9" -spirobisfluorene 1 g (2.11
mrol ) of 2,2'-dibronp-9,9' -spirobifluorene together with 394 ng (2.53 mmol)
of bipyridyl, 228 ng (2.11 mmol) of cycl ooctadi ene (COD) and 422 ngy (2.53
ol ) of N (COD)2 are dispersed in 20 m _of dinethylfornmanide (DVF). This
di spersion is heated to 60[err]C under Thért gas (argon) and stirred at
this tenperature for 5 days. The polynmer forned is precipitated in methanol
acidified with HC (100-150 m ), filtered, washed wth nethanol, dilute
hydrochl oric aci d aad water and subsequently dried at 50[err]C in vacuo.
Thi s gives 0. 60 \.@ Q{y) of a blue-fluorescing polynmer which is
soluble in tetrahYdré Y !

-17 - DMVF and CH2C ] MALDI - M5 anal ysi s indicates a degree of

pol yneri zati on of abo |I 12. GPC anal ysis using polystyreflb as standard

I ndi cates an M er 44— 4~and an Merr] of 9213.
<

where R, is as defined above, which process comprises reacting a 2,2'-dihalo-9,9'-

spirobisfluorene of the formula Iit,

(m,

where R; is as defined above and X is halogen,
in the presence of an inert solvent, an alkali metal or alkaline earth metal and a transition
metal complex or metal salt of a transition metal.

X is preferably F, Cl or Br, more preferably Cl or Br and particularly preferably Br.

Suitable solvents are mainly the solvents used for Grignard reactions, for example aromatic
hydrocarbons such as benzene, toluene, xylene, nitrobenzene and ethers such as diethyl
ether, dipropyl ether, dibutyl ether, tetrahydrofuran, dioxane, ethylene glycol diethy! ether,
ethylene glycol dimethyl ether and diethylene glycol dimethyl ether.

As alkali metals and alkaline earth metals, use is frequently made of Li, Na, K, Zn, Cd, Mg
and Ca; particular preference is given to Li and Mg.

A great many suitable transition metal complexes are known. The transition metal complexes
can be those of metal ions or uncharged metals. Some examples of metals are Fe, Co, Ni,
Mo, Cr, W and noble metals such as Pt, Pd, Ru, ir and Os. in the case of metal ion



- Exanpl e B6: Pol yneri zation of

2,2'-di brono-7, 7" -di hexanoyl -9, 9-spirobi sfluorene 1 g (1.47 muol) of

2,2' -di brono-7, 7' -di hexanoyl -9, 9' -spirobi fl uorene together with 274 ng
(1.76 mmol ) of bipyridyl, 158 nyg (1.47[_>||'\§gpl) of COD and 293 ng (1.76 mmol)
of Ni (COD)2 are dispersed in 15 nm of The di spersion is heated to
70[err]C and stirred at this tenperature for 4 days under inert gas
(argon). The further procedure is as described in Exanple B5. This gives
690 ng (FOTHIexes, hrcasigns ean ke perineds from drerganie op organi adifs. Jar xample @eelc i n
tetrahydr I idi ORSH n ﬂ-,l%(‘gg? SizSiddSp i
pol ystyreéggﬂggﬂé?grﬁgﬁg&!"%%scat éési%gﬁ' %t’err] 0 a?ﬁggfégﬂ.‘g“aﬁal\fer_r erch%éSOG.
The decorgikesi toimetat kalige camplexes Examplesorfyunsharged Joands: arp ©pgRwheRangsyslin
|oss at 609k ' 46i %59?& ifeLand BEnIUIIEE " ethérgMm
Exanpl e B2 o?“%&xg‘ﬁ%ﬂ’% géi)?r%e, % glﬁ%@éﬁ%ﬁ%@sg anrgmgl?%o AMm t.h?“gE efltﬁr?’n on
a quart z aigohols, itertisnodhesrhings fERhenyiphosphine @ng: trisyclahexyirhespiirer sitegianand
em ssiono?pﬁg iRe S tErtiARASH i FismRe idihd, BontR Skdhpied 8¢ at
[err] = 370 n%ﬁlgﬁ% tfgrt?e em égélig?]& E%%?%r‘u@m | sﬁa? sﬁﬁ?é?ﬁgﬁﬁé% nr‘r‘nwéo maasufre

the eni ssneial Nemplexesm arencNigyclopetediene).i in aaimixiote awith R(Cabider MHlPERetshki num
Usi ng. an "SCREIRPYRER Qi IR F GO BPRRHSE NGy RAclg FELR et s o
Exanple C2: Afilmis produced as described in Exanple C1 fromthe pol yner
as descr ibhdunFsRaREPmetals or alkaline earth metals is preferably equimolar to the amount of
dihalo-9,9'-spirobisfluorene, but a slight excess can also be used. The amount of transition
metal complexes or transition metal saits is preferably likewise equimolar, but a slight excess

or deficiency can be used.

The reaction can take place even under mild conditions at room temperature. A higher
temperature of, for example, up to 150°C, preferably up to 100°C, accelerates the reaction.

The polymerization can be carried out by combining the reaction components with the
solvent, then heating the mixture and allowing it to react to completion. To avoid excessively
long induction times, a small amount of elemental iodine, for example, can be added. The
reaction can also be carried out by first preparing the corresponding organometallic
compound (Grignard compound) from the dihalo-9,9’-spirobisfluorene and an alkali metal or
afkaline earth metal or a corresponding metal alkyl and only then adding a transition metal
complex.

The polymers can be isolated in a customary manner, for example by filtering off insoluble
constituents of the reaction mixture, washing to remove salts, precipitation or removing the
solvent. The polymers can be purified by reprecipitation and, if appropriate, washing.

Some of the compounds of the formula |l are known or they can be prepared by methods
known per se.

2,2'-Dibromo-9,9'-spirobisfluorene can be prepared by direct bromination of 8,9'-
spirobisfluorene in the presence of Lewis acids such as FeBr; (V. Prelog et al., Helvetica



B6. The absorption spectrumis broadened conpared to Exanple Cl1 and has two
absorption maxima at [err] = 340 and 355 nm The em ssion nmaxi mumis at
[err] = 430 nm Exanple C3: Afilmis produced as described in Exanple Cl
“fromthe pol yner as described in Exanple B6, with 0.5% by weight of a
f 1 uor ophore being additionally dissolvédin the solution. The results are
shown in Table 3. Table 3 Fl uor ophor e Absor ption
([err]) Phot ol um nescence ([err])

(em ssi ofChirpiza hgts) 52(5), page 4253 (1969). The resulting product mixtures of compounds having

different degrees of bromination and positional isomers can be purified by recrystallization
and chromatographic methods. 2,2'-Dinitro-9,9-spirobisfluorene can be prepared by the
method of J. Weissenburger, JACS, page 4253 (1950) and isolated in pure form from the
product mixture by recrystallization and chromatographic methods. The dinitro compound
can, for example, be reduced using iron in ethanol to give the diamine, then diazotized and
reacted with CuBr to form 2,2-dibromo-9,9'-spirobisfluorene.

2,2'-Diamino-9,9’-spirobisfluorene can be converted into the corresponding N,N,N’,N'-
tetraalkyl compounds by means of alkylating agents. The reaction of the dibromo
compounds with organometallic hydrocarbon compounds (Grignard compounds) leads to the
dialkyl or diaryl derivatives. Substitution with alcohols, thiols or polyoxaalkylenediol
monoethers gives the alkoxy-, alkyithio- and polyoxaalkylenoxy-substituted derivatives.

Diazotized 2,2'-dinitro-9,9’-spirobisfluorene can be converted by means of concentrated
sulfuric acid into 2,2’-dihydroxy-9,9'-spirobisfluorene which can be esterified in a manner
known per se. 2,2'-Dimethyl-9,9'-spirobisfluorene can be oxidized in a customary manner to
give the carboxylic acid and then esterified or amidated. 9,9-Spirobisfluorene-2,2'-sulfonic
acid is obtainable in a known manner by oxidation of 9,9'-spirobisfluorene-2,2'-dithiol, with
the dithiol being obtainable by nucleophilic substitution of 2,2’-dibromo-9,9"-spirobisfluorene.

2,2'-Diacyl-9,9'-spirobisfluorenes can be obtained in a simple manner and in high yields by
Friedel-Crafts acylation using carboxylic acid halides in the presence of Lewis acids such as
AlCla.

It has surprisingly been found that the dihalo compounds of the formuia Il are obtained in
high yields and regioselectivity from the compounds of the formula | in which R, is not a
hydrogen atom if the reaction is carried out using elemental halogen, for example Cl,, Br, or
I, preferably Br,, in the presence of an excess of a Lewis acid.

The invention further provides compounds of the formula Iv,



lLerr] WHAT IS CLAIMED I'S: 1. A soluble pol y(bis-9,9 -fluorene)
conprising identical or different structural repeating units of the fornula
I,

-10-

(v),

where

X is halogen and

R3 is C4-Cysalkyl, Cs-Cyaaryl, C,-Cysarakkyl, C-Cigatkoxy, Ry-(O-CiHz)m-0-, C4-Cygalkylthio,
C,-Ciadialkylamino, -C(O)OH, -C(O)O-Cs-Cysalkyl, -C(O)-N(C:-Cypalkyl)z, -SO3H, -SO;5.Ci-
Cisalkyl, -SO2-N(C4-C1salkyl),, C4-Ci7alkyl-C(O)-O- or C4-C,ralkyl-C(O)-, R; is H or Cy-
Ci2alkyl, n is from 2 to 6 and m is from 1 to 12.

X is preferably Cl, Br or I, more preferably Cl or Br, and particularly preferably Br.
For R,, the preferences and preferred embodiments given for R; in formula | apply.

The invention also provides a process for preparing the compounds of the formula 1V, which
comprises reacting a compound of the formula V,

M),

where R; is as defined above, in an inert solvent with elemental halogen in the presence of
an excess of a Lewis acid.

The reaction temperature can be from room temperature to 200°C, preferably from 20 to
100°C and particularly preferably from 20 to 50°C. The reaction is particularly preferably
carried out at room temperature, which may require cooling at the beginning of the reaction.



[err] where the two Rlerr] are, independently of one another, H,
Cerr]-Cerr]alkyl, err]-Cerr]aryl, Cerr]-Cerr]aral kyl,
Cerr]-Cerr]al koxy, Rerr]-(OGChnH2n)m O, Cerr]-(err]al kylthio,
"derr]-Cerr]dialkylamno, -C(OOCH -C(QO derr]-Cerr]alkyl,
-C(O-NCerr]-Cerr]alkyl)2, -SBH, -SG3-Cerr]-Cerr]alkyl,

-Sgerr]-NCerr]-Cerr]alkyl)[err], (err]-Cerr]- alkyl-C(O-0O or
Clerr]-Cerr]alkyl-C(O-, RZis Hor Clerr]-Clerr]Jalkyl, nis from2 to 6
and mis from1l to 12. 2. A polyner according to claim1l1, wherein the

oL Yo St e e B ma T o £ B £ et ©
radicals Rlerr] are linear or branched and contain from1 to 12 C atons.
ol BUBAESBE e g BB Jon S, it e 88 S o7 TS
ar al kyl egahples saréopenichainndracytli rethiers, ¢arbdr disuifide nandahalogéreated laliphatie ar oup

' the 2ol ofnkdidhaRlcaigpsal 15 1 o7 2 C atoms.

Examples of suitable Lewis acids are BF;, BCl;, AlBrs, AICls, ZnCl,, ZnBr,, FeCl,, FeCls,
FeBr,, FeBrs, TiCly, TiBrs, SnCly, SnBr;, SnCl, and SnBr,. Preference is given to using AICl;
or AlBr;.

Excess can mean that the Lewis acids otherwise used in catalytic amounts in halogenation
reactions of aromatics are present in an amount of at least 1 mol, preferably at least 2 mol,
more preferably at least 4 mol and particularly preferably at least 10 mol, based on 1 mol of
the compound of the formula V.

The isolation of the desired compounds and their purification can be carried out in a
customary manner; purification itself is often not necessary since by-products are formed
only in small amounts. The compounds of the invention are, depending on substitution,
crystalline or amorphous solids which are soluble in polar aprotic solvents and are therefore
readily processible. Even the monomers have a bluish fluorescence and are well suited to
preparing defined and generally uncrosslinked polymers.

Despite the stiff structural units, the polymers of the invention are still soluble in customary
organic solvents and can therefore be used and readily processed in solution as coating
materials. They have very high thermal stabilities, glass transition temperatures and
excellent mechanical properties. Furthermore, the poly(bis-9,9'-fluorenes) of the invention
have absorption bands in the wavelength region below about 400 nm, and fiuorescence
emission maxima at wavelengths of from about 420 to 460 nm. They are thus blue-
fluorescing materials which have been provided for the first time as processible polymers.

The invention further provides a composition comprising (a) a solvent and (b) a poly(bis-
9,9'-fluorene) having identical or different structural repeating units of the formula |.



5, A pol yner according to claimi1, wherein the two Rlerr] in the polyner of
the formula | are identical radicals. 6. A polynmer according to claim1,
wherein each Rlerr] in the polynmer of the formula | is H,

"Cerr]-Cerr]alkyl-C(O- or C[err]-C[err%naI koxy.
-20 - A polymer according to clarfil, which is soluble and at | east
partially crosslinked and conprises structural units of the fornmula la, Ib
or both structural units,
The amount of dissolved poly(bis-9,9'-fluorene) depends essentially on the solvent, the

degree of polymerization and crosslinking and the substitution. The solutions according to
the invention can contain from 0.01 to 80% by weight, preferably from 0.01 to 60% by
weight, more preferably from 0.01 to 50% by weight, particularly preferably from 0.1 to 30%
by weight and very particularly preferably from 0.1 to 20% by weight, of poly(bis-9,9"-
fluorene, based on the total amount of the composition.

The composition of the present invention can comprise further additives, for example
processing aids, agents for improving the mechanical and thermal properties, agents for
improving the appearance or agents for improving the adhesion properties. Some examples
are fluidizers, or adhesion promoters, dyes, pigments, heat stabilizers and light stabilizers,
antistatics, antioxidants, lubricants, mold release agents, fillers, reinforcing fillers and
viscosity-increasing substances.

In a particularly preferred embodiment, the composition of the invention (solution) further
comprises at least one fluorescent dye (fluorophore). Preference is given to those
fluorescent dyes whose absorption band overlaps the emission band (fluorescent emission)
of the polymer of the invention. The amount of additional fluorescent dye can be, for
example, from 0.000001 to 10% by weight, preferably from 0.00001 to 5% by weight, more
preferably from 0.0001 to 3% by weight, particularly preferably from 0.001 to 3% by weight
and very particular[y preferably from 0.001 to 2% by weight, based on the amount of
polymer. Many such dyes are known. Some examples are rhodamines, fluoresceins,
cumarins, distyrylbiphenyls, stilbenes, phthalocyanines, naphthalocyanines, metal complexes
of transition metals and lanthanide metals. It is also possible to use fluorescent iatent
pigments (solubilized pigments having solubilizing substituents such as detachable
protective groups) selected from the group consisting of diketopyrrolopyrroles or
quinacridones, fluorescernit peryléne derivatives or fluorescent perinones. It is likewise
possible to use commerical products such as Lumogen L Yellow®, Brilliant Yellow®, Yellow
Orange® or Red Orange® (BASF) and also 2,2-dihydroxybipyridyls and related compounds.
Molecularly dispersed (dissolved) fluorescent pigments can also be used. Such compositions
are obtainable by dissolving pigments solubilized by means of protective groups in the
polymer of the invention and subsequently splitting off the protective group, for example by
heating.
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where R err] is as defined above.

-13-

The composition (solution) of the invention can be processed in molds with removal of the
solvent, if desired with application of vacuum, to produce free-standing moldings and films.
The polymers obtained can be doped with, for example, iodine or salts such as alkali metal
hexafluorometalates and used as electric conductors, for example as electrodes. The
solutions are of particular importance for coating support materials.

The invention furthermore provides a support material which is coated on at least one side
with a polymer according to the invention.

In a preferred embodiment, the polymer layer comprises at least one further fluorophore
dispersed homogeneously in the polymer layer; the emission band of the polymer preferably
overlaps the absorption band of the flucrophore. By means of the content of additional
fluorophores, all colors of the visible spectrum can be generated by selection of different
emissions in the visible region, with the polymer itself having a blue fluorescence. This blue
basic fluorescence can be reinforced by blue-emitting fluorophores or modified. The
preferred amounts and some selected fluorophores have been indicated above.

A great number of support materials are known. The support material can be an inorganic or
organic support material. The support material can be opaque, translucent or transparent.
Preference is given to transparent support materials. Examples of suitable support materiais
are plastics, glass, cermics, mineréls, rocks, metal oxides and metal mixed oxides, metal
nitrides, metal carbides, semiconductors, transparent electric conductors (for example ITO-
glass, glass supports coated with SnO./In;O;), metals and metal alloys.

The luminescence of the polymers of the invention and their mixtures with fluorophores can
also be stimulated by electric conductors (electrofluorescence). A particularly advantageous
embodiment of the invention is therefore an electroluminescent composition comprising an
electric conductor as support material which is coated on at least one side with a polymer
according to the invention either alone or in admixture with at least one additional
fluorophore. The coating is preferably connected to a counterelectrode which is particularly
preferably transparent.



8. A polymer according to claim1, wherein the degree of polynerization is
from2 to 100. 9. A polyner according to claim1l, wherein the degree of
pol ymeri zation is from3 to 50 10. A polymer according to claiml,
wherein the degree of polynerization is L{)om 3 to 40. 11. A polyner
according to claim1, wherein the degree bl pol yneri zation is from5 to 30.
12. A process for preparing poly(bis-9,9 -fluorenes) conprising identical

or different structural repeating units of the formula I,
-21 - The electric conductors can, depending on the application, be opaque, translucent or

transparent and be semiconductors or metallic conductors. Transparent conductors are
preferably glasses coated with semiconducting metal oxides or mixtures of metal oxides.

The thickness of the polymer layer can be, for example, from 0.1 to 1000 pm, preferably
from 1 to 500 ym and particularly preferably from 10 to 200 pm.

The coated support material can be produced in a manner known per se by dipping, painting
or casting processes, particularly spin coating, with the thickness of the layer being able to
be determined by means of the content of polymer and, if used, fiuorophore in the solution
and also by selection of the process conditions.

The polymers and coated support materials of the invention can be used wherever markings
by means of fluorophores are to be detected or decorative effects are to be achieved. The
coated electric conductors can be used particularly advantageously as light-emitting diodes
for the entire visible spectrum. Transparent, coated electrodes are also suitable for VDUs or
display elements of electronic image reproduction systems.

The invention further provides for the use of the polymers, if desired additionally doped with
at least one further fluorophore, of the invention as active radiative layer for light-emitting
diodes, VDUs and display elements.

The following examples illustrate the invention.

A) Preparation of 9,9'-spirobisfluorenes

Example A1: Preparation of 2,2"-dibromo-9,9'-spirobisfluorene

A solution of 0.7 g of 2,2'-diamino-9,9™-spirobisfluorene in 90 ml of half-concentrated
aqueous HBr is stirred at from 0 to °C with 0.338 g of NaNO, in 20 ml| of water for one hour
and the excess sodium nitrite is then destroyed using urea. Subsequently, at 0°C, a solution
of 0.701 g of CuBr in 50 ml of half-concentrated aqueous HBr is added and the mixture is
stirred for two days at room temperature. The product which has precipitated is filtered off,
washed with 2N aqueous NaOH and then with water. Reprecipitation from methanol gives
the title compound in a yield of 47%.
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'H-NMR (400 Mhz, CDCl,, TMS): 7.81 (d, J=7.6 Hz, 2H, 3-H); 7.70 (d, J=8.2 Hz, 2H, 4-H);
7.50 (dd, J=8.2 and 1.8 Hz, 2H, 3-H); 7.38 (td, J=7.6 Hz and 0.9, 2H, 6-H); 7.14 (td, J=7,6
and 0.9 Hz, 2H, 7-H); 6.84 (sd, J=1.8 Hz, 2H, 1-H); 6.71 (d, J=7.6, 2H, 8-H).

Example A2: Preparation of 2,2'-dihydroxy-9,9*-spirobisfluorene )

A solution of 0.7 g of 2,2'-diamino-9,9'-spirobisfluorene in 70 mi of half-concentrated sulfuric
acid is admixed at from 0 to 5°C with a solution of 0.337 g of NaNO, in 20 ml of water and
the mixture is stirred for one hour. The reaction solution is added to 40 mi of concentrated
sulfuric acid and stirred under reflux for one hour. The precipitate is filtered off and washed
with water, giving the title compound in a yield of 74%.

Example A3; Preparation of 2,2'-dihexanoyl-9,9'-spirobisfluorene

A solution of 31.6 mmol of 9,9-spirobisfluorene is added to a suspension of 79.1 mmol of
finely divided AICI; and 69.9 mmol of hexanoyl chloride in 100 mi of CS,. The mixture is
stirred for one hour at room temperature and then poured into 40 ml of ice-cold water. The
mixture is acidified with hydrochloric acid and the two phases are separated. The aqueous
phase is extracted once with methylene chioride. The combined organic phases are then
washed with water and dried over anhydrous potassium carbonate. The solvent is then
evaporated and the fitle compound having a melting point of 142°C is obtained in
quantitative yield. Elemental analysis [found (theoretical)]: C 86.51% (86.68); H 7.04%
(7.08); © 6.25% (6.24).

Example A4: Preparation of 2,2"-dibromo-7,7’-dihexanoyl-8,9"-spirobisfluorene

A solution of 28.5 mmol of 2,2"-dihexanoyl-9,9'-spirobisfluorene in 50 ml of CS, is slowly
added to a stirred suspension of 0.171 mmol of finely divided AiCls in 100 mi of CS, and the
mixture is then refluxed for one hour. The reaction solution is cooled and 57 mmol of
bromine in 50 ml of CS, are then added. The mixture is stirred overnight at room
temperature with exclusion of light. The reaction mixture is then poured onto a mixture of
300 ml of ice and 30 ml of hydrochloric acid and the phases are separated. The aqueous
phase is washed twice with 200 m! of CS,. The combined organic phases are washed with
300 ml of five percent aqueous sodium bicarbonate solution and then dried over Na,SO,.
Evaporation of the solvent gives the titie compound in a yield of 95%. Elemental analysis
{found (theoretical)]: C 64.98% (66.28); H 4.87% (5.11); Br 25.33% (23.83) O 4.48% (4.77).



[err] (1b), ' where Rlerr] is as
defined in claim1l, which conprises cationically-oxidatively polynerizing
a) at |east one hal ogen-free 9,9' -bisfluorene of the fornula I,
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B) Preparation of polymers

Example B1-B4: Direct polymerization of 8,9’-spirobisfluorene (SBF)

1 Mol of 9,9’-spirobisfluorene is polymerized at 30°C in CS, using AICI/CuCl. Further
information may be found in Table 1. PSBF is poly(S,9’-spirobisfluorene). The polymers are
amorphous and light brown, blue-fluorescing solids. When analyzed by GPC using
polystyrene as standard, the polymer of Example B2 gives an M, of 2684 and an M, of
16 516. A degree of polymerization of up to 31 is found by MALDI-MS analysis. The polymer
B1 softens at 349°C and decomposes at 434°C. The other data determined by differential
thermal analysis are shown in Table 2.

Table 1
Example AICl; CuCl Reaction Proportion of cross- Proportion of polymer Total
{mol}) (mol) time(h) linked polymer soluble in CH.Cl, yield
(% of PSBF) (% of PSBF) (%)
B1 0.5 0.25 2 23 77 13
B2 1.0 0.5 12 18 82 19
B3 1.2 0.6 2 59 59 11
B4 2 1.35 24 98 2 43
Table 2
Polymer from Example Decomposition temperature (°C) 5% weight loss at
B2 426 550
B3 414 640 (10%)
B4 421 657

Example BS: Polymerization of 2,2-dibromo-9,9’-spirobisfluorene

1 g (2.11 mmol) of 2,2'-dibromo-9,9'-spirobifluorene together with 394 mg (2.53 mmol} of
bipyridyl, 228 mg (2.11 mmol) of cyclooctadiene (COD) and 422 mg (2.53 mmol) of
Ni(COD), are dispersed in 20 ml of dimethylformamide (DMF). This dispersion is heated to
60°C under inert gas (argon) and stirred at this temperature for 5 days. The polymer formed
is precipitated in methanol acidified with HCl (100-150 ml), filtered, washed wth methanol,
dilute hydrochioric acid and water and subsequently dried at 50°C in vacuo. This givés
0.605 g (91% of theory) of a blue-fluorescing polymer which is soluble in tetrahydrofuran,



" wher e Rlerr] is as defined in claiml1, in the presence of an inert solvent.
13. A process for preparing poly(bis-9,9 -fluorenes) conprising identical
or different structural repeating units of the formula I,

-17-

DMF and CH,Cl,. MALDI-MS analysis indicates a degree of polymerization of about 12. GPC
analysis using polystyrene as standard indicates an M, of 2264 and an M,, of 9213,

Example B6: Polymerization of 2,2'-dibromo-7,7'-dihexanoyl-9,9-spirobisflucrene

1 g (1.47 mmol) of 2,2-dibromo-7,7’-dihexanoyl-9,9'-spirobiflucrene together with 274 mg
(1.76 mmol) of bipyridyl, 158 mg (1.47 mmol) of COD and 293 mg (1.76 mmol) of Ni{COD),
are dispersed in 15 mi of DMF. The dispersion is heated to 70°C and stirred at this
temperature for 4 days under inert gas (argon). The further procedure is as described in
Example B5. This gives 690 mg (80.5% of theory) of a blue-fluorescing polymer which is
soluble in tetrahydrofuran, dimethylformamide and CH,Cl,. GPC analysis using polystyrene
as standard indicates an M, of 3681 and an M, of 6306. The decomposition temperature of
the polymer is 308°C and the weight loss at 600°C is 35%.

C) Use examples

Example C1:
The polymer from Example B2 or Example BS is dissolved in CH,Cl, and a 100 nm thick film

on a quartz plate is produced by means of spin coating and the absorption and emission
spectra are measured. In both cases, the absorption maximum is at Ana = 370 nm and the
emission maximum is at Anax = 420 nm. To measure the emission spectrum, the specimen is
irradiated at the absorption maximum (370 nm) and the radiation emitted is measured as a
function of wavelength using an apparatus suitable for this purpose (flucrescence
spectrometer).

Example C2:
A film is produced as described in Example C1 from the polymer as described in Example

B6. The absorption spectrum is broadened compared to Example C1 and has two absorption
maxima at Amex = 340 and 355 nm. The emission maximum is at Amex = 430 nm.

Example C3:
A film is produced as described in Example C1 from the polymer as described in

Example B8, with 0.5% by weight of a fluorophore being additionally dissolved in the
solution. The results are shown in Table 3.



[err] where Rl err] is as defined in claim1, which conprises reacting a
2,2'-dihalo-9,9 - spirobisfluorene of the formula |11, [err]

where Rl err] is as defined in claim1 and X is hal ogen, in the presence of
‘an inert solvent, an alkali netal or ajk@gjne earth netal and a transition

metal conplex or netal salt of a transition netal. 14. A process
according to claim 13, wherein Xis Cl or Br.
Table 3
Fluorophore ' Absorption (Amax) Photoluminescence (Ama)

(emission maximum)

N
\ 437 503
l N NH
N Hg, ©
CICN),
P
J:uj—w:cu 480 565
CH, ©

N(CH,),

z [ (CH=CH);
\N
¥ -
CH, BF,

N(CH,),

479 655
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WHAT IS CLAIMED IS

1. A soluble poly(bis-9,9'-fluorene) comprising identical or different structural repeating units
of the formula |,

{,

where

the two Rys are, independently of one another, H, C,-Csalkyl, C¢-Cyqaryl, C;-Cysaralkyl,
Ci.Crsatkoxy, R~(O-CiHon)m-O-, Ci-Cygalkylthio, C;-Cyedialkylamino, -C(O)OH, -C(O)O-
C1.Cysalkyl, -C(O)-N(C;-Cysalkyl),, ~SOsH, -SO;-Ci-Cygalkyl, -SO,-N(C;-Cysalkyt)s, C4-Cir-
alkyl-C(0O)-O- or C4-Cyralkyl-C(O})-, Rz is H or C,-Cyzalkyl, n is from 2 to 6 and m is from 1 to
12

2. A polymer according to claim 1, wherein the alkyl groups in alkyl, alkoxy, alkylthio,
diaminoalkyl, carboxylic ester or sulfonic ester, carboxamide or sulfonamide, alkyl-CO,- and
alkyl-C(O)- radicals R, are linear or branched and contain from 1 to 12 C atoms.

3. A polymer according to claim 1, wherein ary} radicals R, preferably contain from 6 to
10 C atoms.

4. A polymer according to claim 1, wherein aralkyl radicals R, contain from 7 to 12 C atoms
and the alkylene group in the aralkyl radical contains 1 or 2 C atoms.

5. A polymer according to claim 1, wherein the two R;s in the polymer of the formula | are
identical radicals.

6. A polymer according to claim 1, wherein each R, in the polymer of the formula | is H,
C,4.Cq2alkyl-C(O)- or C4-C alkoxy.



.V\/nere Xis “hal'ogen and R3is (err]-Cerr]alkyl, (err]-Cerr]aryl,

C[err]m Cerr]-Cerr]al koxy, Rerr]- (OCnH[err])mO
Cerr E””]Wb Cerr]-Cerr]dial kyl am no, -C(O OH,
QO 3 d%rn] kyI -QO-Nderrh-Cerr]al kyl)2, -SGBH,

-Sgerr]-derr]- C[err]alkyl, -SgerrT-N(Cerr]-Cerr]al kyl) 2,
Cerr]-Cerr]alkyl-C(O-0 or (err]-Cerr]alkyl-C(O-, RRis Hor (err]-
Cerr]Jalkyl, nis from2 to 6 and mis from1l to 12. 16. A conpound
according to claim15, wherein Xis O or Br. 17. A process for

preparingz, CR;BBBJIanBSSac%rdF Fto gé.m;h aﬁh&{?%%&hg!e%ot gt b &rﬁélly %’Ygééﬁhked and

conprises re a conpoun
comprises structural units of the formula Ia, Ib or both structural units,

Q‘Q 0

a%a |

where R, is as defined above.

8. A polymer according to claim 1, wherein the degree of polymerization is from 2 to 100.
9. A polymer according to claim 1, wherein the degree of polymerization is from 3 to 50.
10. A polymer according to claim 1, wherein the degree of polymerization is from 3 to 40.
11. A polymer according to claim 1, wherein the degree of polymerization is from 5 to 30.

12. A process for preparing poly(bis-9,9'-fiuorenes) comprising identical or different
structural repeating units of the formula |,



'V\/nere R37i's as defined in claim15, in an inert solvent with el enental

hal og of an excess of a Lewi s acid. 18. A process
accor§@w lﬂ{“‘g ﬁiﬁ““ wherein the reaction tenperature is fromroom

' OCferr] C 19. A pr 0CLSS accor ding to claim 17, wherein
the hal ogen is used in equinolar anmounts” 20. A process
according to claim 17, wherein the Lewis acid is BF3, BCl3, Al Br3,

Al Cl[err], Znd 2, ZnBr2 Fed 2, Fed 3, FeBr2, FeBr3, Tid4, TiBr4, Snd 2,
SnBr 2, SnCi4 or

U

and, if desired, identical or different structural units of the formulae

s
e

Q‘Q 0

el
O~

where R, is as defined in claim 1, which comprises cationically-oxidatively polymerizing
a) at least one halogen-free 9,9'-bisfluorene of the formuia H,
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21. A precess-accordingto claim 17, wherein the Lewis acid is used in an
anmount of at least 1 mol per 1 nol of the conpound of the formula V. 22.
Aprocei;i_ﬂ | | aim 21, wherein the Lewis acid is used in an
‘anount MR ' : 23. A conposjtion conprising (a) a solvent and
(b) a poly(bis-9,9 -fluorene) having i deét%tical or different structural
repeating units of the formula | according to claim1. 24. A conposition
according to claim23, wherein the anount of dissolved poly(bis-9,9-
f | uor ene) wherefR,dsrad défineridn 8lavh By wei ght, based on the total anount of the

conposi ti ition according to claim23 which further

conpri sesﬁgPeP'éeég?cégqga%fqﬁﬁi?éhé% nt dye (fluorophore) whose absorption band
overl aps the em ssion band (fluorescent em ssion) of the polynmer of the
formula | 26. A cogposition accor.di to claim25. wherein {he unt of
addi 1 onal 1 ALOTEEsE O pisprdty ARSI ghdrefied Sompyetie: hottal 8o BB e

anount of stpnatyrakrepeating units of the formula |,

U2

where R, is as defined in claim 1, which comprises reacting a 2,2-dihalo-9,9-
spirobisfluorene of the formula I,

UD

where R; is as defined in claim 1 and X is halogen,
in the presence of an inert solvent, an alkali metal or alkaline earth metal and a transition
metal complex or metal salt of a transition metal.

14. A process according to claim 13, wherein X is Cl or Br.

15. A compound of the formula IV,



osi tion acc rd| ng to claim25, wherein the fluorescent dye is a
rhodam]mnﬁ fml “ cumarin, distyryl bi phenyl, stil bene,
pht hal It Iocyani ne, or a netal corrpl ex of a transition netal
or | anthani de net I 28. A support mat %l al which is coated on at | east
one side with a polymer according to clafm 1. 29. A support materi al

according to claim28, wherein the polymer further conprises at |east one
fluorescent dye (quorophore) whi ch is honpgeneously dispersed and has an
absor ption band aps the em ssion band (fluorescent em ssion) of
t he pol yner of
25 -

V),

where

X is halogen and

Rs is C1-Cysalkyl, Co-Ciqaryl, C;-Cysaralkyl, C4-Cjqalkoxy, Rz-(O-ChHan)m-0-, C4-Cysalkylithio,
Ci-Cyedialkylamino, -C(O)OH, -C(0)O-C;-Cysalkyl, -C(0)-N(C;-Crsalkyl)s, -SOsH, -SO;.Cq-
Cisalkyl, -SO2-N(C1-Cysalkyl),, C-Ciralkyl-C(O)-O- or C;-Cyralkyl-C(O)-, R, is H or Ci-
Cizalkyl, nis from 2 to 6 and m is from 1 to 12.

16. A compound according to claim 15, wherein X is Cl or Br.

17. A process for preparing compounds of the formula IV according to claim 15, which
comprises reacting a compound of the formula V,

V),

where R; is as defined in claim 15, in an inert solvent with elemental halogen in the presence
of an excess of a Lewis acid.

18. A process according to claim 17, wherein the reaction temperature is from room
temperature to 200°C.

19. A process according to claim 17, wherein the halogen is used in equimolar amounts.
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30. A support material according to claim28 which is an inorganic or

organi ¢ \ Eri al . 31. A support material according to
claim ﬂiﬁi‘%“‘“ , translucent or transparent. 32. A support

rraterl ondi Ag to claim28 which is selected fromthe group consisting
pl astics, glass, ceranics, mner: 45 rocks, netal oxides and netal

m xed oxi des, netal nitrides, nmetal carbides, sem conductors,

t ransparent el ectric conduct ors, netals and net al al | oys. 33. An

el ect r ol uRf.nkeproeass acnopding ta daimaty; ovherein theoLewisiacid 32 B4 |BQh ABrarAlSksZnGl,,
electric u r . n at Ieast one
o1 de. i ¢ hZABTc Ot oG, SRR, micty s e B, SoChRL SRef:

gdmdxt ure with at |east one addl tional fl uorophore vvhozgr 02358; ption
ot oV b5OR e RA) 11 WAV 450 e M VR e,

wher ei n t henal peck med of theé cotnpoprd gfitbe formulddyer is from 0.1 to 1000 pm

22, A process according to claim 21, wherein the Lewis acid is used in an amount of at least
4 mol.

23. A composition comprising (a) a solvent and (b) a poly(bis-9,9'-fluorene) having identical
or different structural repeating units of the formula | according to claim 1.

24. A composition according to claim 23, wherein the amount of dissolved poly(bis-9,9'-
fluorene) is from 0.01 to 80% by weight, based on the total amount of the composition.

25. A composition according to claim 23 which further comprises at least one fluorescent dye
(fluorophore) whose absorption band overlaps the emission band (fluorescent emission) of
the polymer of the formula 1.

26. A composition according to claim 25, wherein the amount of additional fluorescent dye is
from 0.000001 to 10% by weight, based on the amount of polymer.

27. A composition according to claim 25, wherein the fluorescent dye is a rhodamine,
fluorescein, cumarin, distyrylbiphenyl, stilbene, phthalocyanine, naphthalocyanine, or a metal
complex of a transition metal or lanthanide metal.

28. A support material which is coated on at least one side with a polymer according to
claim 1.

29. A support material according to claim 28, wherein the polymer further comprises at least
one fluorescent dye (fluorophore) which is homogeneously dispersed and has an absorption
band which overlaps the emission band (fluorescent emission) of the polymer of the
formula 1. '
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30. A support material according to claim 28 which is an inorganic or organic support
material.

31. A support material according to claim 28 which is opaque, translucent or transparent.

32. A support material according to claim 28 which is selected from the group consisting of
plastics, glass, ceramics, minerals, rocks, metal oxides and metal mixed oxides, metal
nitrides, metal carbides, semiconductors, transparent electric conductors, metals and metal
alloys.

33. An electroluminescent composition according to claim 32 which comprises an electric
conductor as support material which is coated on at least one side with a polymer according
to the invention either alone or in admixture with at least one additional fluorophore whose
absorption band overlaps the emission band (fluorescent em'ission) of the polymer of the
formula 1.

34. A support material according to claim 28 or 33, wherein the thickness of the polymer
layer is from 0.1 to 1000 um.

35. The use of a polymer according to the invention, which may, if desired, be additionally
doped with at least one further fluorophore, as active radiative layer for light-emitting diodes,
VDUs and display elements.
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Abstract

Soluble poly(bis-9,9'-fluorenes) comprise identical or different structural repeating units of
the formula |,

M,

where

the two R;s are, independently of one another, H, C,-Cysalkyl, Cs-Ciqaryl, C,-Cisaralkyl,
C.Cisalkoxy, Ro-(O-CiH2)m-O-, C4-Cysalkylthio, C;-C,edialkylamino, -C(O)OH, -C(O)O-
C,.Cisalkyl, -C(O)-N(C4-Cysalkyl)s, -SOs;H, -SO;3-Ci-Cygalkyl, -SO,-N(C;-Cyealkyl)s, C+-Cir-
alkyl-C(O)-O- or C;-C,,alkyl-C(O)-, R, is H or C-C;salkyl, n is from 2 to 6 and m is from 1 to
12

The polymers can be used either alone or in admixture with at least one additional
fluorophore whose absorption band overlaps the emission band (fluorescent emission) of the
polymer of the formula | as acti\)e radiative layer for light-emitting diodes, VDUs and display
elements.



