1 21 April 2005 Cationic Water-Sol ubl e Conjugated Pol yners and Their
Precursors Technical field 5 The invention relates to cationic

wat er - sol ubl e conj ugat ed polynmers with ammoni umterm nal groui) 2%
invention further relates to a nethod df determining the wat & ABB'I pllty

of such conjugated polyners by controlling the degree of quarterization of
precursor polynmers having 1 NQ- M k d of the

i nventi on Conj ugated pol y@ﬁgﬁagéﬁw%&%@%&é%eg?$ﬁéﬂ emtting and
hol e/ el ectron transporting material g _j, Rl i L.t.ting di odes. In many
applications, it is desirable thatgﬁd?&ﬁ'ﬁggﬁéﬁs%&%ymr be capabl e of

di ssolution in comon solvents. The solubility of conjugated pol yners
could be greatly inproved by 15 attaching flexible side chains or |arge

substituenti Eﬁd, ynrgugh the nodification of the pendant groups, the
physi cal , nd processing properties of the materials could be
t uned. nj ugat e ich are sol ubl ani c ol vents h as
chlorofo?m tet rihg rmo@nre %tﬁa tBé"r?}'QH@ y@gerkﬁ%%{g 9%!9&? q Pofyspes tsh‘@%h
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spin cast nultiple |ayers of pol yrrers because the first layer that is
deposi t ed cdatermnldgsibelw&fer-ﬁQMbﬂ(gy Dﬁ@ugblwtedlgm@ﬂn@ﬂseb)é gbetgiiaaithe
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solvents. It is preferable, where the application permts, to use water in
connection with the manufacture, using and 25 processing of a conjugated

pol ynmer 0 or der tof voi d dj.sadvant ages involved in the use of organic
sol vent 4 E@MMavi ng solubility in water (or other polar
solvents) nmay offer a nber of new a | cat.i,on o rtunities. .Potential
appl i cations of C{&{U‘égatgal BB‘V@‘%%nP%‘Q%?&F%d’V'Qﬁ&r S qthgnugﬁgt A0t on
of active | W/élécﬂoﬁQré?fsﬂéﬂln@ hbﬂ!ﬁmseiﬁ‘ lighit @ﬁmﬂmg(iﬁédéé””h"?ﬁﬁihyl appiicationd,ayer
sel f -assenbl y approach fer layer "and em Ssive |ayer materials in
i nkj et printt ngdesata’qle;alnada mogmgabed polymer be capabie of dissolution in common
solvents. The solubility of conjugated polymers could be greatly improved by
15 attaching flexible side chains or large substituents and, through the modification
of the pendant groups, the physical, mechanical and processing properties of the
materials could be tuned. Conjugated polymers which are soluble in organic
solvents, such as chloroform, tetrahydrofuran, and benzene are known.
However, for the fabrication of multilayer devices, in some cases, it is difficult to
20 spin cast multiple layers of polymers because the first layer that is deposited can
be dissolved during the spin-casting of the subsequent layers. It is essential to
design polymers with high photoluminescence (PL) efficiencies while with
different solubility in common organic solvents. It is preferable, where the
application permits, to use water in connection with the manufacture, using and
25 processing of a conjugated polymer, in order to avoid disadvantages involved in

the use of organic solvents.

Conjugated polymers having solubility in water (or other polar solvents)
may offer a number of new application opportunities. Potential applications of
water-soluble conjugated polymers include the construction of active layers in

30 organic light-emitting diodes through layer-by-layer self-assembly approach, as
buffer layer and emissive layer materials in inkjet printing fabricated organic

LEDs, and as highly sensitive fluorescent sensory materials in living bodies.



LEDs, and as highly sensitive fluorescent sensory materials in |living
bodies. 2 21 April 2005 lonic conjugated polynmers (a new cl ass of

pol yel ectrol ytes which consist of both polyions and electronlcally active
conj ugat ed backbones) are beginning t& attract a great anound!OPrili2RPer est
because of the potential applications in fabricating photonic devices as

appl i cati ons genl i FOMRAbS? RARErS (EnshEbERE of nelyRRARRES, whith consist
phot ol um neéﬂﬁﬁﬁﬁ% diiohsedrfd eleetrohicallpadtive guhjugatid B@d&l&ﬂines))aré: begimeing
lonic water-soluble polymers have been synthesized by homp- and
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functionality. 1t e that c |on|cp ynmers be used

i nst ance i nasassdkaby pnlymaraqnaiogm{sdeactlms from sol ution, especially for

t hose using self-assenbly techniques. In addition, cati oni ¢ pol ymers are
particul arly int ¥atet-salgbility ef udgmizpridhativgd cBhjugatddat pdlymisire- svmsci first
because hese are.n t.ivel y charged nucl ei ¢ _acj ds Recent
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the polyners_ ,25. be desirable. There is a need for cationic polyners
whi ch are a&é}ﬁ%&i‘gﬂé be nodified, as desired, so as to control (or tune)
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di fferens Kipatantdns containing the sulfonate or carboxylate functionality. It is desirable
that cationic polymers be used, for instance in cases of multilayer deposition
from solution, especially for those using self-assembly techniques. In addition,
cationic polymers are particularly interesting for studying DNA and RNA related

bio-species, because these are negatively charged polynucleic acids.

20 Recently, the synthesis of certain ammonium-functionalized polymers has
been reported. However, this was limited to the poly(p-phenylene)s (PPPs)
which are associated with small molecular weight and difficult purification

processes.

Also, for different purposes, different degrees of solubility of the polymers
25 may be desirable. There is a need for cationic polymers which are adapted to
be modified, as desired, so as to control (or tune) the degree of solubility of the

polymer. A method for achieving this is also required.

Accordingly, the present invention is directed towards different kinds of
conjugated polymers, their cationic derivatives, and methods for controlling the

30 water solubility of such polymers and their cationic derivatives.



conjugated polyners, their cationic derivatives, and nethods for
controlling the 30 water solubility of such polyners and their cationic
derivatives. 3 21 April 2005 Summary of the invention This is achieved by
creating a new series of neutral |um ne3cent materials wth RUAptii200&l i zed
groups (such as am no groups) which, upon quaternization, lead to polyners

whi ch are s whh8ry & thatisVertieh | N ot her polar solvents). The 5
post - pol yneftzatiton steps not only permt the full structural
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i nvention involves the use of a series of neutral polyners and their
quat er ni zed thepolymess dw thii neutral state] but they@ien puividenthe possiility of adjusting i s
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groups having from 1l to about 22 carbon atons. Preferably, R and R2 are H
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polymers.

This invention involves the use of a series of neutral polymers and their
quaternized salts.
According to a first aspect of this invention, there is provided a conjugated
15  polymer of the formula:

Formula 1

wherein:

20 R1 and R are identical or different and are each H, a straight or branched
alkyl, alkoxyl, ester groups or cyclic crown ether groups having from 1 to about
22 carbon atoms. Preferably, Ry and R, are H or straight or branched alkyl
groups having 1 to about 12 carbon atoms. More preferably, Ry and R; are
alkoxyl groups with 1 to about 12 carbon atoms.

25 A, B, E and F (as the terminal groups), are identical or different and are
each H, SiR'R” or NR'R” (wherein at least one of A, B, E or F is NR'R") for the



25 A, B, Eand F (as the termnal groups), are identical or different and
are each H SIRR' or NRR' (wherein at |least one of A/ B, Eor Fis
NR R') for the 4 21 April 2005 precursor polyners. Consequently, the
precursor neutral polymers will contaid one or nore NR R' grduppril@80% he
functional groups. These term nal groups are designed to introduce water
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as defined above. C and are identical or different and are each H (but
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acid, 15 linear, branched, or cyclical saturated or unsaturated aliphatic moieties which

may contain one or more heteroatoms. R; and R4 are preferably C4-C8 linear or

branched aliphatic chains which may contain one or more heteroatoms.
Preferably, R; and R4 are C2-C12 alkoxyl groups.

Rs, R, R7 and Rg are identical or different and are independently selected
20 from linear or branched or cyclical saturated or unsaturated aliphatic moieties
which may contain one or more heteroatoms and which may contain one or
more aromatic groups, substituted or unsubstituted aromatic moieties. Rs, Rg, R7
and Rg are preferably C1 to C8 linear or branched aliphatic chains which may
contain one or more heteroatoms, and more preferably, Rs, R, Rz and Rg are

25 C2-C12 alkoxyl groups.

G is typically selected from those reactive groups that are capable of
undergoing chain extension. Preferably, G is hydrogen, halogen, boronic acid,
boronate radical or an aryl moiety. The aryl moiety may contain halogen, boronic
acid, or boronate radical. Preferably, G is hydrogen or an unsubstituted or

30 substituted aryl moiety which does not contain the above mentioned groups.

x and y are independent and each is a number from 1 to about 100 and

preferably 1 to about 20 and more preferably from 1 to about 10. a and b are



boronate radical or an aryl noiety. The aryl noiety may contain hal ogen,
boronic acid, or boronate radical. Preferably, Gis hydrogen or an
unsubstituted or 30 substituted aryl noiety which does not contain the
above mentioned groups. x and y are independent and each is a2hé@tie?006r om 1
to about 100 and preferably 1 to about 20 and nore preferably from1l to

about 10. aa%@dnbeﬁélﬁ&t%hd%dri ls?@ﬂﬁn@'eiiﬁohnd&@%mmm@nﬂhé%m|ﬂe$|saorbmber
fromO to about 100, wherein if a is i s a nunber from1 to about 100,
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fl uorene ri pgeferablpfrothe twbboyt e ring, enables good solubility of the
neutral polynmer, which facilitates the post-polynerization approach in

t et rahydgof uran [TheRttagRchentiof 3! RY] RsURS ®siiel RPRBEr oRrtRé dillakéne rifg or R4,
R5, R6, R7 and R8 are al koxyl groups with 2 to about 10 carbon atons,
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atonms, and REOURS M R7tC,A 0@2190(’%5!?9%?'199‘1‘ g?'B%éon%ﬁfdalﬂ ticefinaing Mg oups
E and Fqgre Aih I
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copol yner s) ccar di 38 econd aspect of the invention, there is
provi ded a r‘?@?ﬂ% ned$ o iEe d A1) ‘3 PORIIOBS ubi 1ity, in pol ar solvents, of the

pol ynmers descri b d above rni zi term anm no rou t he
bol yirer . Typi cal 1§ 9H %m%rr%r?a G PRl oS e e e
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met hod, the pol may be treated Wt
and Ry are C2 to C12 alkyl groups, and the terminal groups E and F are ethyl
amino groups. The corresponding water-soluble polymers have also shown

liquid crystalline properties.

The polymers may either be homopolymers or copolymers (such as
random copolymers or alternated copolymers).

20 According to a second aspect of the invention, there is provided a method
of increasing the solubility, in polar solvents, of the polymers described above by
quaternizing terminal amino groups of the polymer. Typically the quaternization
is effected by treating the polymer with an alkyl bromide, such as bromoethane.
In one embodiment of this method, the polymer may be treated with

25 bromoethane by stirring the polymer with the bromoethane in dimethyl sulfoxide
(DMSO) and tetrahydrofuran (THF). The mix of DMSO and THF solvents may
be in a ratio of 1:4 and the stirring may be effected at a temperature of about
50°C for about 5 days. In another embodiment of this method, the polymer may
simply be treated with bromoethane by stirring the polymer with bromoethane in

30 THF solvent. In this case, the stirring may be effected at about room
temperature for about 24 hours. The above two embodiments result in different
quarterization degrees of the polymer.

The method may further comprise the steps of:



25 bronoet hane by stirring the polymer with the bronoethane in dinethyl

sul foxide (DMSO) and tetrahydrofuran (THF). The m x of DMSO and THE
solvents may be in a ratio of 1:4 and the stirring may be effected at a
tenperature of about 50C for about 5 days. |In another enbodi ZeApril@0%hi s
met hod, the polynmer may sinply be treated wth bronoethane by stirring the

pol ymer with bronpet hapgpdrating thdbolgentéent. In this case, the stirring may
be effected at about room tenperature for about 24 hours. The above two

enbodi ments result inpgj:_idiéi@ﬁﬂgttheqluaférﬁi‘z'éa?dy}ﬁe@egr ees of the polyner. The
met hod may further conprise the steps of: 1 April 2005 evaporating the
sol vents; preci pitat {\3ghingah8whahel a8d Pol ymer; washi ng the pol ymner;
and drying the polyner. 5 The polyner may be precipitated by adding
acetone fol l owed, by ggid tHe'9QUhidp. The washing may be effected with

chol or of or m and/ or aceﬁgt‘hde. Aggg*rng?ng to a third aspect of this invention,

there isgprovide [i*f‘ﬁ’é’f f aTok ] at Q¢ oy Vi ng
a desi re% sol ubi fiﬂhtéylﬁlB a giq{‘/%% Bégpf/%ﬁta?gi gﬁﬁ&éﬁﬂgg ngen@rnlgsﬁﬁ!} 10 W
provi di ng acentnfugationd e washingsnay be eiffeetbdabitiv eholodefoem namd/agaceetdaei r ed
solubility of the polyner in the given solvent; and 15 quaternizing

term nal am no gAcopsling ta a¢hipbhgpest of thianwertient thene iepaided @ methodate
the solubility .of the pol r to the desired, solubiJity. Preferably,

quat o ni zat NG BECPBIRRR CaUSRICoRRUMEr Jvindh Bl isolufiu inasoger
about 80% Ofsoi\r'éﬁt,ts%'idﬁﬁé%ocﬁ%rﬂﬁrigihgpps undergo quaterni zation. The

quaterni zation may be effected by Treating the polynmer with an al kyl

hal i de, qguch as bronogidiadiRg altbrjudtedipERMercadldesribbefisrd; by stirring the

. determining a desired solubility of the polymer in the given solvent;
and
. quaternizing terminal amino groups of the polymer to an extent

necessary to increase the solubility of the polymer to the desired
15 solubility.

Preferably, quaternization is performed to an extent so that between

about 30% and about 80% of the terminal amino groups undergo quaternization.

The quaternization may be effected by treating the polymer with an alkyl
halide, such as bromoethane. This treatment can be effected by stirring the
20 polymer with the solvents and under the conditions described above.

This method of forming a conjugated cationic polymer may further
comprise the steps of:

. evaporating the solvents;
. precipitating the quaternized polymer;
25 . washing the polymer; and

. drying the polymer.

The precipitation and washing may be effected in the manner described

above.

According to a fourth aspect of this invention, there is provided a method

30 of forming a conjugated cationic polymer, said method comprising:



20 polymer with the solvents and under the conditions described above. 25
This nethod of form ng a conjugated cationic polynmer nmay further conprise
the steps of: evaporating the solvents; precipitating the quaternized

pol ymer ; washi ng the polyner; and dr¥ing the polynmer. The Pt Apri200&ti on
and washing may be effected in the manner descri bed above. According to a
fourth aspect of .thisp} i r &rel virded ; f 1 ng
a conjugated cationi cplbd(})lfcaﬂ ri?'aggﬁ%?ngﬁéﬁgr (ggn%f??sﬁ)ﬁéﬁ%ﬁ}r@%mgﬁn? 8% &
provi di ng nononer prepalymers descrbgubbbows); (bei ng any of the pol yners

descri bed above); quaternizing term nal am no groups of the nononer
precursors; ande5 synquatsniginggtarmnalaamar graugsy oéithé moncraed preeursors; zed
nmononer precursors. Thi,s synthesis is typically effected by the Suzuki
coupling reaction. As?d well known, this is a Pd-catal ysed cross-coupling
reacti on_between an aronmtic. bgronigc acid deriyvative and an aronmatic
halide t9 yield & corﬁ%@%&ﬁﬁf%t HREGIIE PolnerHiram said syatglpized, maapmer
include the steps of del§rgdming the desired solubility of the cationic
pol ymer and cal cul ati ng the anount of nononer precursors required to form

a cationic poly i { i ﬁﬁ@é Ul At t :
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icient to result int cationic avi ng

tho desi r eBoCRNGHAT B8vakNE Y Hbatcanalis hrlkieu vief st corerononrlia HBreYlon
there i %provi decl'hélls method may further include the steps of determining the desired
solubility of the cationic polymer and calculating the amount of monomer
precursors required to form a cationic polymer having the desired solubility.
Alternatively, the method may further include the step of determining the desired
solubility of the cationic polymer, and wherein the terminal amino groups are
15 quaternized to a degree sufficient to result in the cationic polymer having the

desired solubility.

According to a further aspect of this invention, there is provided a
conjugated cationic polymer, derived from the polymer described above, said

cationic polymer comprising repeating units of the formula:

20
=3
Ry R, C/RS C/R7
S NilIgniVig
= Jxl_\ ?&/' /a\ 5 bly
25 1}3 R4 RS R/
A B ! !

wherein:

(a) Ri1, Rz, R3, R4, Rs, Rg, R7, Rg, C, D, a, b, x and y are as defined
above; and



conj ugat ed

cationic polyner, derived fromthe polynmer described above,

sai d

cationic polynmer conprising repeating units of the forrmula: 20 25 wherein:

(a) RL, R2,
above; and

R3, R4, R5, R6, R7, R, C, D, a, b, x and y are as defi ned
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the repeating units, at |east one of A, B, E 10 and

t is furthtrCp)eyeloalkyl giesps. i n nore than one of the repeat| ng
than one of A B, E and F is amonium According to a further
aspect of this i e atsooprefartas that sinmtdeasteaneaof thel repeating vaits, aideastianeng a
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ent t ions are f
eépddtimgnalitgeiose than one of A, B, E and F is ammonium.

According to a further aspect of this invention, there is provided a
polymeric salt comprising a cationic polymer, being a cationic polymer as
described above.

According to a further aspect of this invention, there is provided an ionic
composition comprising a cationic polymer, being a cationic polymer as
described above.

The tunable water-solubility of the polymers was realized through the
quaternization of the amino group (or groups) through the post-polymerization
steps. These steps enable there to be some control over the extent to which
cations are formed, which in turn determines the solubility of the polymers in
organic solvents and water. A higher degree of quaternization was accompanied
by better solubility in polar solvents with improved charge transporting
properties. Both the neutral and the quaternized polymers of fluorene-co-
phenylene series, which have two or more carbon atoms on the phenylene ring,
exhibit liquid crystalline behavior. This gives this series of polymers potential
application in polarized light emitting diodes (PLEDs). For the quaternized water-
soluble polymers, because of their charged nature and related water-solubility,
these molecules are potential candidates that could be processed at the
molecular level by the extremely versatile layer-by-layer sequential adsorption
technique, and serve as charge transporting layers. The sensitivity of polycations
upon the interaction with polyanions also endows this kind of materials with

potential application in biosensors.

urn determ nes the



organi c solvents and water. A higher degree of quaternization was
acconpanied by better solubility in polar solvents with i nproved charge
transporting properties. Both the neutral and the quaternized pol yners of
fl uorene-co 25 phenyl ene series, which have two or nore car bo1 Apoii@d006n t he
phenyl ene ring, exhibit liquid crystalline behavior. This gives this

series of pgraéfrgé§cﬂtg{0gr5fitﬁé draiggscation in polarized light emtting

di odes (PLE or € quaterni zed wat er- sol ubl e pol yners, because of

t heir charged najyr, e S eg

potential candi dgrecgdtéﬂgrt]étgt)lﬁi ?q%%@{tr@gégis@g '*é?‘t%e ”té‘}’g%ng\%@& &/dgdeby
t he extrenepyefegedaforing willybe dgscribgzérwmqefmemee tadberfptiowing d:awlngsm,
and serve as,charge transporting |layers. The sensitivity of polycations
upon the |n9"@’ tion with polyanions also endows this kind of rrateri al s

with pogential | ication in bIOS nsor

descriptPon of t REWRAw ngdS RYraptys OWW&th?MB%@ ‘?ZfSGQrPP Véﬂerﬁew"ﬁﬁdrmre
ol early understood, pref ericBerdi fPSthéhebd aIRpS(édeBbityh ref erence to
the foll ow ng dravmngs in which:™5 Figure 1 1s graph owi ng the NWVR
spectra of the pgiyiers for.grscbraaﬁ%ﬁbmrytﬁeor FoRIRSvE B0l PEYPeRRb) |
Figure 2 is a graph show ng the representative UV and PL spectra of

the neutral polyners referedf the nauﬂ-’abpolgmt-:‘rarldfetﬂl’eell to ighiguee i 20d tbalrt s,
10 Figure 3 shows the LC stagf of thelneutral pol ymer under PLM and

Figure 4 shows the represerﬁiu sl egﬁﬂtﬁc vol tammgram spectra for the

I f t Sch d.d t th
Poventi 3 35" 1 n fi9€eifeneros bedt.Sate ot s g bhens ﬁgix%emﬁ% by
unsaturated organic-b sed ackbones with extensive |E el ect
ot ocal {zati on BB c oS R RICHITSS SVl uplarimERiA SRacefa

with cationic functi onal qhe pRfnTdrsFERPE P ihSthRMe/ TRbeldivyie chains, which

are introduced to

Detailed description of the invention

15 In this invention, conjugated polymers are characterized by unsaturated

organic-based backbones with extensive n-electron delocalization.

Cationic water-soluble polymers refer to those polymers with cationic
functional groups attached at the polymer side chains, which are introduced to
realize water solubility.

20 The term “post-polymerization” refers to further modification of the
polymers after the designated monomers were polymerized. In this invention, it
means the quaternization of the terminal amino (NR'R”) groups, preferably with
alkyl bromide.

The term “quaternization” means the formation of ammonium salts

25 between amino groups and alkyl bromide or any of the organic or inorganic

acids. In this invention, quaternization with alkyl bromide is particularly
preferred.

The term “quaternization degree” is defined as the percentage of the
amino groups that have been quaternized.

30 The polymers of the present invention, which may be homopolymers or

copolymers of polyfluorene, have a conjugated backbone structure. The



realize water solubility. 20 The term "post-polynerization" refers to

further nodification of the polyners after the designated nononers were

polymerized. In this invention, it neans the quaternization of the

terrri nal ami no (NR' R') groups, preferaliOy with al kyl broni de21 Abré 2085 m
"quaterni zation" neans the formation of ammoniumsalts 25 between am no

groups and ﬂJHéﬁbnéV@r@SUﬁeofOémmﬁhu% éd?tewﬂégﬁl%&u&rd tdfHed SideCelttfih 48 reiililzet hi's

|nvent|on uaternization with alkyl bromde is particularly preferred.

The term"q waherzmlublhtyddgr@@pllqaaoril%frqumlnesgocbré Vp@e&enwg@ oéisually atani no

Prvention. ICLROEST b8 RisnRnS s LhefioRalifed %é%ﬁaﬁ Engéf?sﬁ?éne, have a

conj ugat ed backbgpe st ture. The 1 200 t| ona roup of
amontum sal t vedht RELHLEEesS Mere SvBtndad ialoh g Shzdfiteathich Rof

wat er - scg Ubtfld t yorrdsponlilg CiRbhefers. eaHrbugy ad tmgt Be sEbstbpdlymnzatwl ly
at |east 60% of the side chains are functionallized with anmoni um salts.
The neut r al cpedifiars Suateraizedraatisvitediffergni egtionisslegieesweresyithesizedom 5
t he correspondi ng nononers. Through adjusting the post-polynerization
condi tions, quat gvnihggd exampies\anengiven irerespectat @msperug@pelwmer the

ool yror undEPTile F ebrysii Who ifetofta e srords AEREER nedtpRREnREtRh e,
post - pol ynebaged ioanthatmassyntrssttbdonetitidl gulgmeab, Adte fHez S6cairliaperoabh iy e .
And the second approach i s the 10 direct pol yrrerl zation of quat erni zed

nononer 10 ThairgethBalymesization |of Quaieizad,monemare Theasrhemes asg diustraéed, in The

fygt hetic rauhgme GndoP r@ddiRiivay. TRE sPHheticTOREE ate Sxblindd B RilbrsCH2C12

Scheme 1
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B OH B K2CC3/ acet one C2H5Br/ acetonitrile P Br Br 2-(diethylamno) _ d

et hyl chl oride hydrochloride C B~_ 11 21 April 2005 Pd (0) K2C03/toluene e
J N 12 21 April 2005 Schenme 2 Pd(OAc)2 NaHCO3/DWF 1 Schene 1 0 r C5
2, 5- Di br onohydr oqui none (B) was obtai ned by the treatnment of 27 April 2005

di br ono- 2, 5- di net hoxybenzene (A) with BBr3 in dry dichl oronet hane and the
1, 4-di bronp- 2, 5-di net hoxybenzene (A) was synthesi zed through the direct
brom nation of di methoxybe ene as the starting material. Conpound C, 2,5-
bi s[ 3- (N, N-di et hyl am no) 1 okxapropyl ) -1, 4-di br onrobenzene] was prepared by
10 reactions between 2, N@hydroqw none (B) and 2-
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(di et hyl am no) et hyl chl ori de hydrochl oride in refluxing acetone in the
presence of excess anhydrous potassium carbonate for three days. After
twice recrystallization from nethanol, Conpound C was obtai ned as
colorless needles, which upon stirrindg2wmth bronoet hane i n aztApnli2006] e
afforded a water 15 sol ubl e nononer, Conpound D, as a white precipitate.
The resul ti sghehfEhpitate 13 21 April 2005 was collected on a frit at
reduced pressure and dried in vacuo for two days before use. In step a of
Schenme 1, the thus obtained substituted phenyl ene or fluorene are

di hal ogenated, preferably brom nated or iodinated, and preferably at 5

2, 7-position for fluorene unit or 2,5 position of phenylene unit, utilizing
a common hal ogenati on reagent, such ag\zronine and iodine. In step c of
Scheme 1, the functional gfoup was direckly introduced into the obtained
di hal ogenat ed phenyl ene fl uorene. F theE realization of cationic

wat er - sol ubl e polyners, tlhe function groups are aliphatic or aromatic
am ne 10 groups, includging those N atom containi ng 3 OY ti Kngs, such as

pyridi ne. The func I gr oyps e int 0 ffe t
met hods, such asPtt B or" § *at { achg end 0 B\tgéal kyl
or the al koxyl chai np; ichis th reacted td am nes/{ o formo am no

groups. However, prefigrably, the©functional amino gHoblips &tés directly
i ntroduced t he| nonomer. 15 I|n step e, the synthesis ofEthe neutral
pol ynmer depi ct I n Scherre/}l\} based on the Suzuki coupling reaction, (N
M yaura and A7 8Suzuki, Chem gal Reviews, Vol 95, 2457 (1995); M
| nbasekar an, TWi, E. P. W0\ US patent 5,77%#8670),,which was carri Béout
inamxture (3:2 in volune) of toluene and aquequs-/pot assi um car bona fe\/
solution (2 M containing 1 mol % Pd(PPh3)4 20 under vigorous stirring/at
85-90 C for 48 hours in a nitrogen atnosphere. A \small anount of

transfer catalyst
| e that _the poly

were synthesi zed gdRygh a nic st i O t
di brononat ed no ; —>P—\
aHC 3/D
1 Hi3C"  CeHis o Hi3G CeHys o
g —\ g
N N
/—‘ N— ] <Br\/
Scheme 1
5 2,5-Dibromohydroquinone (B) was obtained by the treatment of 1,4-

dibromo-2,5-dimethoxybenzene (A) with BBr3 in dry dichloromethane and the
1,4-dibromo-2,5-dimethoxybenzene (A) was synthesized through the direct
bromination of dimethoxybenzene as the starting material. Compound C, 2,5-
bis[3-(N,N-diethylamino)-1-oxapropyl)-1,4-dibromobenzene] was prepared by
10 reactions between 2,5-dibromohydroquinone (B) and 2-
(diethylamino)ethylchloride hydrochloride in refluxing acetone in the presence of
excess anhydrous potassium carbonate for three days. After twice
recrystallization from methanol, Compound C was obtained as colorless
needles, which upon stirring with bromoethane in acetonitrile afforded a water-

15  soluble monomer, Compound D, as a white precipitate. The resulting precipitate



25 Roof, US Patent 5708130). In the step of either f or g or h in Schene 1,
by treating the neutral polynmer with bronoethane in different solvents,
and by controlling the reaction tenperature, the quaternization degree
could be adjusted, and consequently thel3 water-solubility of 2hAprlédabti ng
pol ymers could be tuned. Fromthe post 30 polynerization, polyners with

di fferent amsnéou&,téw%e?rfmza@ rédiéesd e aie8dn vkftudlioMid dgpds

Schenme 2 To synthesize polyners with a nium functi onal groups, the other
met hod i nvobetseiuser oduci ng the ammoni um group into the side chain of
nmononers and a desired anount of the amroni um functionalized nmonomer 5 then
under goes pol ynehi aigp an.ofl Schempr éf dhabiheist bbtaindd substitdted: phegyleher oni t h

other suitalfle nmononers, and it is_no referable .that this is do Lth
Che " nononehuGieR S8 AN dlaftte P EITaY, B EdiriodBrime pad ey AL ont
quat er ni gat PompE&ifeR ¢St flldeséd BRitlor 215 BESIABR of pheAfeRS UNTEGLIHY & XBRTMsH Zed
by using simlar 10 conditions as described in the step e of "Schene 1,
with a desi hatbgenstion redgenizsuntras brorginetand iadieved. Consequently, the

quat erni zation degree could be exactly determ ned, however, the nolecul ar
wei ght of the polystepscafeSdheme 1byhe dignctipniahgrougt ivad difectly lintreddced into

Preferably, ,the crud ol yner bt ai ned by . the t approaches should be 15
careful Ty’ piis pPENE] ARalGHER e BhEdERe AF flffereshon bt FeHigafiod A Crlansa
hours to rqEesslLbOPBIVMers diheafuictiohall §idupdesre dlghalier bf bRsm A ¥ARRS
shoul d then be dried under reduced pressure at roomtenperature. After

purifich@i o8reuns, ingludigg thess Nnatem-gonteinipgraremaiie éngst suaheas pyriginet Ehe
P Do e - . |
ol v hideishBl Db e bl aked frb ot BB Yrente, B FRl)

30, 000 to alBrur I'gowd s attdmhdetd the endsofehe alkyedr theadlkoxd lchaier, svhidh isithen

present invention wll have a nplecular weight in the range of from about
20, 000 to abe@ttedowdboamyzas te Hermuis @ranoagiavpst urideweyRll Rjefaiphly. the

functional amino groups are directly introduced to the monomer.

16 In step e, the synthesis of the neutral polymer depicted in Scheme 1 is
based on the Suzuki coupling reaction, (N. Miyaura and A. Suzuki, Chemical
Reviews, Vol 95, 2457 (1995); M. Inbasekaran, W. Wu, E. P. Woo, US patent
5,777,070), which was carried out in a mixture (3:2 in volume) of toluene and
aqueous potassium carbonate solution (2 M) containing 1 mol % Pd(PPha)4

20 under vigorous stirring at 85-90 °C for 48 hours in a nitrogen atmosphere. A
small amount of tetrabutylammonium chloride was added as the phase transfer
catalyst to improve the molecular weight. It also might be possible that the
polymers were synthesized through a nickel-mediated coupling reaction, with
dibromonated monomers. (E. P. Woo, W. R. Shiang, M. Inbasekaran, G. R.

25 Roof, US Patent 5708130).

In the step of either f or g or h in Scheme 1, by treating the neutral
polymer with bromoethane in different solvents, and by controlling the reaction
temperature, the quaternization degree could be adjusted, and consequently the
water-solubility of the resulting polymers could be tuned. From the post-

30 polymerization, polymers with different amount of quaternized salits can be
obtained.



bei ng between about 25 and 50 in each nol ecule. Both the neutral and
quaterni zed salts are air-stable. The termnal groups in the neutral

pol ymers 25 provided the possibility to synthesize water-sol uble polyners
t hrough the post- polynerization approdéh. Conversion of the 2iefps2005
polymer F to the final water-soluble polymer Gwas achieved by stirring
the neutral gppéyyeer W th bronoet hane in di methyl sul foxide (DVSO and
tetrahydrofuran (THF) (1:4) at 50C for 5 days. Follow ng the sane 30

reaction condi tipgssyfihedizdM ddlymBES Wi EnimBniuniBuatictalesoaps! ks diREy Mer
Hwth a quaternization degree of about 60% However, stirring the neutral

pol ymer F wiethodbriovolges aintroducingEthe armvmeniumpgraatpuiirtof the 2idéochain of
af forded a new yne

ol | with a guaternization dearee qf abou % e
uater ni 2t TEHoRbgR A & 98l ASRucElHEs dofobll Wndiordlied aafidndle -
NVR specs r ufRenl Ngnd¥¥Eo &9 pelynferiatibRe It iBPrefrableathat Mis Gs HoAwtogstHer avite 1.
The obtai ned neutral polynmers readily dissolve in common organic sol vents,

such as THEOths| sitebls monopnersnandaitds xyorenereferable that thiseisi deas withethey 5
DVBO, et h t ef ni zat | i N .pol h
't reront  oBransinet, A deninbFTafitd, URUES A hughid FREMET Rt difiiens oo

For exanpl quatsnightiomdegreBehene 1, polymer G with a quaternization degree
of 80% is conpletely soluble in DMSO, nethanol, and water, but insol uble

in CHCI 3 and THin skql YrofrSéherael 2 e pelyenar adsfeypthasizad &y asihgtsimilaby 10
evaporation of the water. |Interestingly, solubility is also found for the
pol yrer 80 wiceRdigpns @sedesdibedeinningastenre ¢ peeme duwithaa desired amoupt Bf 5
guat er ni zat i f. 30%. 4P S bl i F,
chl orof orm qtﬂgfeurﬂi%g? eseaallt%dl né@ﬁ%ﬁé%é@%@%@?’e% éﬁ%gﬁ%%u r ngtéo% é?r%lre @
while it al sxabihsdeeomineshobielvet,\the moleeulao wveight @f e pslyni@rgciradowet by
I ncreasi ng gquat etbni zat i 3n %ecgr ees2 15 the solubility of the polyners in
conmon or gatSNaHevRehed R ScheM& 2 whi 1 st the solubility in polar sol vents,
such as DMSO and _waf er, increased gradually. Wth the increased
quat er ni zati on dEG® é@bWHBeﬁiSP%EPR@?Tﬁ@bB%F?&Y\XB? &wo éepmﬁq?\eﬁfh&y'd be
conpar edst o LAGhIPpufitied by washing with acetone in a Soxhlet apparatus for 24 hours to
remove oligomers and catalyst residues. The purified polymers should then be
dried under reduced pressure at room temperature. After purification and drying,
the neutral polymers were obtained as white fibrous solids, while the quaternized
salts were pink. The neutral polymers that were prepared had molecular weights
20 ranging from about 30,000 to about 70,000. However, it is expected that
polymers of the present invention will have a molecular weight in the range of
from about 20,000 to about 50,000, with the number of amino functional groups
being between about 25 and 50 in each molecule. Both the neutral and
quaternized salts are air-stable. The terminal groups in the neutral polymers
25 provided the possibility to synthesize water-soluble polymers through the post-

polymerization approach.

Conversion of the neutral polymer F to the final water-soluble polymer G was
achieved by stirring the neutral polymer with bromoethane in dimethy! sulfoxide
(DMSO) and tetrahydrofuran (THF) (1:4) at 50°C for 5 days. Following the same

30 reaction conditions for G with less reaction time afforded another polymer H with
a quaternization degree of about 60%. However, stirring the neutral polymer F
with bromoethane in THF at room temperature for 24 hours afforded a new
polymer | with a quaternization degree of about 30%. The quaternization degree



Through control of the quaternization conditions, polynmers with different
20 quaterni zati on degree have been synthesized. Accordingly, polyners
having a desired solubility (in polar or non-polar solvents) can be
synt hesi zed by controlling the degree 18 quaternization of t2eApGI2008rs.
Sol utions of the neutral polyners in THF and the quat erni zed polyners in

wat er or rremgrggti,ﬁmgg fREETh r.-?ﬁ:zé&ﬁ?ecuﬁ %B GRNTHR! NRIR gﬁeétﬁa HP¥he 2

preferably 10% regardless o t. By using suc

sol uti ons, palymermanedlsorshospaingrigufd 1ns can be cast on different
substrates, such as glass, quartz, or indiumtin oxide, and even pol yner
substrates for efThaeobtadimedeaeuta polyiess qresididy ndissadlve olny rmansmoNUbtgaplie

I f th I bst r at e it
& Frpor  anboNanisn Heh B RATRTS PAEF: Seéivﬁégnégtttﬁm?aﬁé‘y%om?ﬂg o
di ssol vesl) DMSO, #LASRAL and NeRer. ARG QRIEAHILatRI, Qﬁé 'r@é\ﬂtnﬁ’é g% finY&at s

di ssol ved pol mer (quaternized to the determ ned degree) achi eve this.
The fil ms ndifteentc setubility neharactecistien asecznnpqned | to2 ¢es rterutnalhepqiwneneForn

t he above rrentlo ed sobv ent.s % Cé Enown
Lhe 2oone ERb R B ShoRRLD Stheffhof BlVmt & it S ilatelfizaton degise of o
For the neuigp®, Isp@bm[mtélg Solableam BMSOS rhedhanekhakd vigdef NsutaPseludié an

mexi mum at 370.5 nm L spectrum peaked at 414 nm with a snall
shoul der at &4¥@lsnand THAF. P@yreeerﬁ #quje he/ f&ﬁGVEP‘EdsfS@ﬁ’t Bawater salydieni hy

compar ef1 0o PR AR Far eIt eRafly aaNBH S RRE BN fot fhe” Bobind

i nduces speatithadiffelrerst q@dﬁtefmzat'ﬂmedegww@mbatas/ei Aidandyith & eeateraizational so
shown in Fi %gre 2. Far the 10 Folyrrers described in Schene 1, both the

neutral and seeqqeéﬁﬁ?/m%ﬂnsb g ra redycediglebility; i8sTHHE, gRlpaferm, talygne | f
e Ll L oqandPRERe, o8 ESRPARSHEY D! Reurdl PBRARG FPVRiiLCR: aBp R BB O

is realized. al'so hat ynmers' as descri hene
1, both dr splubdﬁy |rli rtlherpota‘r sohve e UDngoing nwiith Im:rqamngarqmlatmrdizptibn rdegseds v e
shown I S 15 }{ II|ne structures at room tenpera h? ate
of one he,s. Lyg)ll the polymers in common ordganic solvents ecreased whilst the
solubility in polar solvents, such as DMSO and water, increased gradually. With
the increased quaternization degree, the polymer G has better water solubility as

compared to that of H.

Through control of the quaternization conditions, polymers with different

20 quaternization degree have been synthesized. Accordingly, polymers having a

desired solubility (in polar or non-polar solvents) can be synthesized by
controlling the degree of quaternization of the polymers.

Solutions of the neutral polymers in THF and the quaternized polymers in
water or methanol have been prepared with the concentration up to 15%,

25 preferably 10%, regardless of the molecular weight.

By using such solutions, uniform and transparent films can be cast on
different substrates, such as glass, quartz, or indium-tin oxide, and even polymer
substrates for either the neutral or the quaternized polymers. Multiple layers of
such films may be deposited on the relevant substrate. Where it is important

30 that a polymer in one layer does not get transported (or dissolved) in an adjacent
layer, appropriate selections of solvent and dissolved polymer (quaternized to

the determined degree) can achieve this. The films may be cast from a solution



pol ymer under PLM was shown in Figure 3. Liquid crystalline polyners have
technol ogi cal potential in areas ranging frommcroelectronics to

bi ot echnol ogy. The polyners can be used to fabricate different types of
devi ces, including polarized |ight-em t#6i ng di odes. 20 | n add2t Apnil 2005
pol yners of the present invention offer a specific advantage over

convent i onaps ¢ Jﬁb@,ﬁﬁ@ﬂ'rp%é/%o% f lentiSfedS t HGAG PHY o Ind TR S
Take the neutral "po yme} and theevvat 2r-§%‘?u8ﬂ§%%?’%w§3§ Sl}éh as F and G or
H for exanpiathods,|suchastthe spirpoastrtechnipaee sim | ar HOMO and LUMO ener gy

| evel s, estimated fromtheir cyclic voltamograns. The representative

cyclic 25 vol t amibgr aebiired pivners rar€i bluee emission ypalmersi Forsthe Ineutrbnd
, Whi | ith diff tionic.d rovi de. ' f

dur t abl e baPAMERIS. Syl 58 R Ra UBGPINGALE FESrBlGm SRRt 0 i oy or

LEDs. BExgnppgs s%@ct'ﬁh’:‘lns peBNSNt 4014 hin Pithuat BgaldsrsiiiEe htby2s ehfr enge to

the following exanples. These exanples are intended as an illustration of
a pref er r edrépresentative kb and Pht spactrararetshowndo Rigrechnstitute a limitation
of this invention. 17 21 April 2005 Exanple 1 Preparation of

1, 4- di br ono- 2, 5- tommahyxhe auateraized)salts shovoarsgebtral kitre fshift &s equipapedi tav t h
a wat er congenser

dded 1,.4-, 5 di nethoxyb 13. 0.1 | d
3000 of _CBISMEHRBaRER St lanek QualRICAHORIERE A1sihindntes Sodghrdlpde °"
di sappear ed shiff)tThe! fepresingativenU vasn R E &becllh Gidialsd dKHovin M- FRfur€@20FoRehd 0. 24
nmol) mxed with 80 of CCl4 for 30 mn. The mxture was stirred for 12

h. HBr #@s walynesidescdbed in Sahemgt bdally the neutraland te quaternizadepolymers

whi t e- col or LAl | I e ' ' . e {1 h
col d et hanofre HIEE eRibabf Snet. ol 48 fhiorendindonicsen Aty e
vi gorous st ithioph@nel nididtigshgresm eimission isrrealizexh! orl ess. The CCl 4 sol ution
was separated and the product was recovered by evaporation. The crude 1, 4-

di brono- 2, 5- di melthway kés enmadiitat fec thes palyhiets disf desbribed! ihnSctedmariolboti H

NVR (300 MHz, CDCI 3, pprq: 8 7.19 (s, 2H), 3.80 (s, 6H). CBHBO2Br2_ Anal .

Cal cd: ¢c,  drop-cast films of the neutral and the quaternized polymers have shown liquid
15  crystalline structures at room temperature. The LC state of one quaternized

polymer under PLM was shown in Figure 3.

Liquid crystalline polymers have technological potential in areas ranging
from microelectronics to biotechnology. The polymers can be used to fabricate
different types of devices, including polarized light-emitting diodes.

20 In addition, polymers of the present invention offer a specific advantage
over conventional conjugated polymers for use as charge transporting materials.
Take the neutral polymer and the water-soluble polymers, such as F and G or H
for example, all the three polymers have similar HOMO and LUMO energy
levels, estimated from their cyclic voltammograms. The representative cyclic

25 voltammograms are shown in Figure 4. Polymers with similar band gap, while
with different cationic degree may provide more choices for a suitable balanced
charge transporting as in the fabrication of multilayer LEDs.

Examples

30 This invention will be further described by reference to the following
examples. These examples are intended as an illustration of a preferred form of

the invention and they do not constitute a limitation of this invention.



15 32.43; H, 2.70; Br, 54.05. Found: C, 32.80; H, 2.85; Br, 53.88. Exanple
2 Preparation of 1,4-dibronohydroqui none (B) Into a 500 nL round-bottom
flask equi pped with a water condenser were added 20

1, 4- di br onp- 2, 5-di net hoxybenzene (14.8 ¥, 50 mmol) and 150 nl2bApdir3006H2CI 2
under argon. The m xture was stirred until all solids disappeared.

Dropwi se, into the solution was added 105 nmL of 1.0 M boron tribrom de of
CH2Cl 2. The reaction was refluxed at 45 C for 12 h and then cooled to room
tenperature. The solution was sl oW yERQpREl4i nto ice water and stirred
vigorously for 30 mn. 25 An off-white precipitate was separated by

filtrati d hed py 1 4- 12k 14§ ' ti id and
iltration and washe p\ﬂéﬂé}aﬂqﬁé 6f11 éfﬁgfdgﬁﬁﬂd"rﬁéf{bwbéﬁ%a(ﬁ? ic acid an

drying in vacuo at 60 Cfor pure 1, 4=di bronohydr oqui none
k) 2205 (N EIPPROEHOR) TSk Ceafibbpl iy walEE ceidehser WER) aplied’ 3.0
26.88; H 1dgBethBdyhenzheA(td.8 0030 mohnphe 2D0Pmipef &Clpunder argon. The
Found bot t RTINS Rvas gt & SBiS idengedireiho o dhe: sHCIaD AR afded
pot assi um C@lrr@@n@b%l%lmg fﬁbbré%ln& (mla\og%n&ea%tw BB DF CEL ot 80! A, de
nmol and 1000 nL of d

hydrochl oride (22.6 g, ) , acetone. The stirre
m xture was Iheampduresvar stiredofpsnl 2 br HEY gamwis| ¢alieetedoin sateratediaqueoust

2,5-dib ' 15. . 560 ). ALt 15 mi diti onal
spar g: ng?m?%ceg Iﬁg%slc fqio%\ﬁ)l\?ﬁcgt'@M&“\ﬁé%o'%egm;oﬁc'ﬂ'@t? g‘hsuﬁmgﬁpe‘gg& H@%@t'% 8rdne
was remged waghelOvith eoldesthhhGINTAE Filtktte wiksnélittalized byl AddingBqlto®s KYEDs! .
dissolving all salts. The product was extracted with ether, ‘and the

conbi ned or yulY ¥igorgus stiiagviendivdbe spiution:tywped cplorigss) The Q0 selytionwwesr
2x200 mL), ' 0 | Ut | |

1£ i rt ered, ) ar?%Bg[ér}légggr&A (])1?S éngd\;}épﬁE \%%@Vrggﬁyjéntgbg@gg%\?aﬁﬂrgﬁ '?@lé e{:\@ﬁg l]tfé

oi |y sol i ds.dififoenc2)5Edintethbxybemzene wasstetrystakiged from boiling ethanol. '"H NMR

(300 MHz, CDCl3, ppm): 8 7.19 (s, 2H), 3.80 (s, 6H). CgHgO,Br, Anal. Calcd: C,
15  32.43; H, 2.70; Br, 54.05. Found: C, 32.80; H, 2.85; Br, 53.88.

Example 2

Preparation of 1,4-dibromohydroquinone (B)

Into a 500 mL round-bottom flask equipped with a water condenser were added

20  1,4-dibromo-2,5-dimethoxybenzene (14.8 g, 50 mmol) and 150 mL of dry CH.Cl,
under argon. The mixture was stirred until all solids disappeared. Dropwise, into
the solution was added 105 mL of 1.0 M boron tribromide of CH,Cl,. The
reaction was refluxed at 45 °C for 12 h and then cooled to room temperature.
The solution was slowly poured into ice water and stirred vigorously for 30 min.

25 An off-white precipitate was separated by filtration and washed with water.
Recrystallization from acetic acid and drying in vacuo at 60 °C for 12 h afforded
pure 1,4-dibromohydroquinone (10.7 g, 79%) as white crystals. 'H NMR (300
MHz, CDCls, ppm): & 7.28 (s, 2H), 4.95 (br, 2H). CgH4O2Br, Anal. Calcd: C,
26.87; H, 1.35. Found: C, 26.88; H, 1.85.

30



15 MeOH H20 to afford Conpound C (12.5 g, 48.4% as white crystals. 1H NWMR
(300 MHz, CDCI3, ppm: 8 7.12 (s, 2H), 4.04-3.99 (t, 4H, J = 6.03 Hz),
2.92-2.88 (t, 4H, J = 6.22 Hz), 2.68-2.61 (q, 8H, J = 7.09 Hz), 1.10-1.05
(t, 12 H, J = 7.21 Hz). CI18H30N2O2Br2 18nal. Calcd: C, 46.37;2HApd 2005 N,
6.01; Br, 34.28. Found: C, 46.65; H 5.99; N, 5.99; Br, 34.32. 20 Exanple

4 Preparation of 2,5-bis[3-(N, N, Ntri Eg(éwlbﬂmmni um - 1- oxapropyl ] -1, 4-
di br onobenzene di brom de (D) A m xture o

2, 5-bi s[ 3- (NN-di et hyP@éﬁaﬂﬁiioﬂrbPé@b@%N,Mdi@th%ﬁl@hW@pﬂ?5 (4.66 g, 10

mml ) and 20 m of bronpethane inl 00 of acetonitrile was heated at 40C
for 2 days, when sone white col QH -Hﬁ)?érﬂbﬁéﬁfer%o ared, an additional 10
m of bronoet hane was added, and the m xture was Kept stirring for another

five days at t a r | £ Ta] ;
afrit a%/ ?\e l@gd% Ibreﬂégggrgagn -ﬁrglgléd\ﬁlﬁﬁ @g@ﬂgﬂ%tﬁ'ﬁgg' %&} g@lg‘;} hﬁpééo&g?lﬁgrgn
Conpound5 D a@hydrods got@igmasathomateni(72.0crg,st51s0 Mmolp52-(diethgleaniGo) 1H

NMR (D20, 30 . 8 7.77 (d, 2H,.J = 7 E5 7T 69
(o oryy ehviefigigd Redroshicifh: 2512t samaiols anp 106 i & acdfghe, The
2.07(m  4H, sfrred mikturEias %&?eﬂrﬂ/itﬁ’fﬁitrobeﬁ for 48 mlﬁzﬁoHoneaOogPth%Oa&dﬂio#%H) ,
0.76 (t, 6H, J =6 83 Hz), 0.56(m 4H) . “T3C NVR (CDC 3, 75 Miz. 8

151. 17, 140208dibramobgdrogainone (152891 66.01menaB After 119, @) additiopal sisHI0DY,
40. 28, 31.53, 31. 30,82, 29, 62, . 721, 23,7 22 4 3, 94

19 58 anar Medgachon siixeé waRhREonElD Beftuxdtr 4 bay8SAdSionE vifs Ehodst 30 |,
8. 35. BExanplige PedtitRipamditiienwas dlufedivitt>d0d hlosEwatst, distobdrig alrghhy! Ehe

boronate) (E) 10 To a m xture of 2,7-dibronofluorene (10 g, 30.86 mpol ) and
a catal yst ®fedust was exiracted Wil giharaand ihe seamingd geganic Ryemwas wagkes and

The react | ofifl 4 ueOf8H) 3 S0 F; WBRF Bhgad il afd pinETMQdftiar e,
An excess ofsofiftiorl waseditd® over MgSO., filtered, and stripped of solvent by vacuum
evaporation to yield crude oily solids. The crude solid was recrystallized from
15  MeOH/H,0 to afford Compound C (12.5 g, 48.4%) as white crystals. '"H NMR
(300 MHz, CDCls, ppm): 6 7.12 (s, 2H), 4.04-3.99 (t, 4H, J = 6.03 Hz), 2.92-2.88
(t, 4H, J = 6.22 Hz), 2.68-2.61 (q, 8H, J=7.09 Hz), 1.10-1.05 (t, 12 H, J=7.21
Hz). C1gH30N202Br2 Anal. Calcd: C, 46.37; H, 6.49; N, 6.01; Br, 34.28. Found: C,
46.65; H, 5.99; N, 5.99; Br, 34.32.

20

Example 4
Preparation of 2,5-bis[3-(N, N, N-triethylammonium)-1-oxapropyl]-1,4-

dibromobenzene dibromide (D)

A mixture of 2,5-bis[3-(N,N-diethylamino)-1-oxapropyl]-1,4-dibromobenzene
25 (4.66 g, 10 mmol) and 20 ml of bromoethane in100 ml of acetonitrile was heated
at 40°C for 2 days, when some white color precipitate appeared, an additional 10
ml of bromoethane was added, and the mixture was kept stirring for another five
days at room temperature. The resulting precipitate was collected on a frit at
reduced pressure and dried in vacuo at 50 °C for 24 h to afford Compound D
30 (5.45 g, 80%) as fine white crystals. Mp: 255.0-256.8 °C. '"H NMR (D20, 300
MHz, ppm) 6 7.77 (d, 2H, J = 7.55 Hz), 7.72 (s, 2H), 7.69 (d, 2H, J = 7.48 Hz),



was added to the reaction m xture, and the NaCH precipitate was filtered
off. 15 The organic | ayer was washed with dilute HC (200 m-) and H2O (2 x
150 nm.), and dried. The pure product of 2,7-dibronp-9, 9-di hexyl fl uorene
was recrystallized from ethanol and drf®ed under vacuum for f2itvAp@di2008e. A
sol ution of 2,7-dibrono-9, 9-di hexyl fluorene (16.3 g, 33 nmmol) in THE was

}?ﬂ?? §L3” s BB el b B TS50 3, R oﬁﬁ;ﬁ ”
Th(épgte - ;gt% ?O rzg ng)ngﬁt hﬁtgn g.to % réﬁe{h%:’%?g:: EI%FO %g(rﬁéAI_BBThe react [ on

m xture was(@peELed7s MPzC rPpred nsqe 17601”401031 ngostd, f 432 44an2® 152343 e
stirring. The m xture was extracted with ether and the combi ned extracts

vverg fevapor 41983t 90§i9% 56.08. 4@280Bi1 H3, 4%03@/?;26129462@1@9&4 ?#8.The23rBde
g::lhexylr ??uoﬁzq‘ge ﬁﬁ%%@?énﬁﬁghaé%gg g&g H*ﬁﬁ??@?a% V\,ﬂi e Cr y§§argunq'he

di boronic ggiop; (£.8338, 15 nmml) was then refluxed with 1,3-propandiol (2.0
g, 33 mol) in tol uene for 10 h. After worki ng up, the crude product was
recrystallized from hexane to afford Conpound E (5.50 g, 73% as white
crystals. My 123.0-123.8 30 C. 1H NWR (CDCI 3, 300 MHz, ppm S 7.77 (d, 2H,

J=7.55 Hz), 7.72 (s, 2H), 7.69 (d E3himple5 7-48 Hz), 4.25-4.16(t, 8H, J
= 5.36 Hz), 2.07(m 4H, J = 5.33 Hz—rgge;(, m 4H J = 4.09 Hz), 1.20-0.90

(m 12H), 0.76 ( t3C NVR
(CDCI 3, 75 Mz, F;)Eep@ht'(’h Gf@g&ﬁhé%)'f({)us&erl‘% ?g@dlr?g&ggeﬂe%&iagéwiﬁ

119. 83, 44009: _ ,
23, 76, % 4%@2@% §38&82?r?§8f1ﬁen§§1(§§ 3§@63‘3m0@93r§12a 013954%4 la?&ﬁt% os

Found: C, MrIQIBbeanﬂaBﬁnomuEb(dem@e 81 50 oparbDMFO @ndpt? mL of 50% aqueous

{|2, 5- bi75E g g\[\| ;he Fﬁ’&eéﬂ Q) é)%@p?ﬂzymjmwgehecf%d} "TH& reaction mixture

alt-2
9, 9- di hexyl fWasOé@csléd ) %oahﬁt@tﬁp@hﬂué@m étﬁresmnireé h( Aﬁlex&ss of @tiyl4Retateol ),
2, 5-bi s[ 3- (NN-di et hyl am no) - 1- oxapr opyl ] -1, 4-di br onobenze

was added to the reaction mixturé, and 'the NaOH premputate was filtered off.
15 The organic layer was washed with dilute HCI (200 mL) and H,O (2 x 150 mL),

and dried. The pure product of 2,7-dibromo-9,9-dihexylfluorene was

recrystallized from ethanol and dried under vacuum for further use. A solution of
2,7-dibromo-9,9-dihexylfluorene (16.3 g, 33 mmol) in THF was added slowly with
stirring to a mixture of magnesium turnings (1.9 g, 80 mmol) and THF under
20 argon. The Grignard reagent solution was slowly dropped into a stirred solution
of trimethyl borate (38 mL, 330 mmol) in THF at —78 °C for 2 h and then at room
temperature for 2 days. The reaction mixture was poured into crushed ice
containing sulfuric acid (5%) while stirring. The mixture was extracted with ether
and the combined extracts were evaporated to give a white solid.
25 Recrystallization of the crude acid from hexane-acetone (1:2) afforded pure 9,9-
dihexylfluorene-2,7-diboronic acid (6.3 g, 44%) as white crystals. The diboronic
acid (6.3 g, 15 mmol) was then refluxed with 1,3-propandiol (2.0 g, 33 mmol) in
toluene for 10 h. After working up, the crude product was recrystallized from
hexane to afford Compound E (5.50 g, 73%) as white crystals. Mp: 123.0-123.8
30 °C. 'H NMR (CDCls, 300 MHz, ppm) & 7.77 (d, 2H, J = 7.55 Hz), 7.72 (s, 2H),
7.69 (d, 2H, J = 7.48 Hz), 4.25-4.16 (t, 8H, J = 5.36 Hz), 2.07(m, 4H, J = 5.33
Hz), 1.98 (m, 4H, J = 4.09 Hz), 1.20-0.90 (m, 12H), 0.76 (t, 6H, J = 6.83 Hz).



(233 ng, 0.500 mmol ), tetrabutyl amoni um chloride (80 ng) and

tetraki s(tri phenyl phosphi ne) pall adi um[Pd(PPh3)41 (12 ng), was added a
degassed m xture of 3 nmL of toluene ([nonomer] = 0.25 M and 2 nL of 2 M
pot assi um car bonat e aqueous sol ution. B¢ m xture was vi gor oud! Hpdt2005ed at
15 75C for 48 h. After the m xture was cooled down to roomtenperature, it

was.  Pour edoleh, 309, . QfRTREDRNCSAAZIBRAN SRSt 1AL Bip 63013 1/ S oS

solid was I on he S was washe hanol,
wat er and t h28.10pd285830H 19 8Bt éOQMsBBrO;Q,f40r2&431t63,I‘B1a4:§®0182,t2€a62a29104$

Fesul 11 ng paPy e PoR Y SRchtng 34 EHR0 Al ASRTar Rt Coi M i b BRor ous

lid. 1H N ! 8 7.80-7.78 (br, 2H), 7.60 (br, 4H),
7012 (s, 2FDVB”£"§O@ ?{@2 ppgﬁ,omg;r) 2.92 (br, 4H,( EcHzKl)l), 2. 66 Eb:, 8|I:I|?

- NCH2 , 2.05 (br, 4H), 1.12-0.78 (br, 34H). FT-1R (KBr, cm ): 2962,
2927, 2856, 2810, 1509, 1461, 1381, 1203, 1132, 1052, 1035, 888, 870, 822,

753. CA3H622N2 H2O. Anal . Calcd: C gQ-82i & 9.84; N 4.27. 25 Found: C
79.68; H 9.79; N, 4.35. Exanple 7 Prvpa'r-él'ron of pol y{

pz)hgnei }S[ go( awft p%?% %érﬂfﬁ]i?ﬁ? 38’2’2%%’%@‘&[?3@%1413]?’%?%‘&)"] fowwl}fcf ask

with a magnetic spin bar was citaz,gqd,ominexyifeorpeyEy F (100 ng) dissol ved
in 50 nL of THE To this solution was added bronoet hane (1.09 g, 10.0 nmol)

and 12 n Ofl'oDNﬁDmﬂiﬂﬁeS@flgg-ﬂihée@ﬁlu%?érﬁé@c? Bl%(tﬁ@th?lér\@r b%r&eaté) (281 2rhgApri |
2005 and anot her portion of bronpéthane (0 %—dwas added on the

third #dy. 049% nﬂrn@l)so|2u§b@'53wﬁlé{d\l~§lﬁthylaﬂim) ‘ggxqpno@yl]s jeromphenaere

2adi £ oﬁrSH”?f%%oEﬁg’loB%r@vﬁﬁ% 8 ol PR PR SBERGEE 0 rdy S
centri fugat itetraklg(/aﬁimmﬁobpﬁmebﬂ palddiumm [BdRPmNS,] 61121 mg?)eduaweaduelhtal n
vacuo at 50 C. The, desired pog%_%lG (62ng, 50.19 was. O

pinkcol or (5AE8TY MR (3 Ao S0 A2 Bk AN
3 20 Ebﬁ If%&alj&&ﬁaﬁ%q@& 3&6@ (Qélutéﬁ Themre @aé%é%us@%tlrré&"%&\b
15

75°C for 48 h. After the mixture was cooled down to room temperature, it was
poured into 200 mL of methanol and deionized water (10:1). A fibrous solid was
obtained by filtration. The solid was washed with methanol, water and then
methanol. After washing for 24 h in a Soxhlet apparatus with acetone to remove
the oligomers and the catalyst residues, the resulting polymer F (370 mg, 57.1%)
20 was obtained as an off-white fibrous solid. '"H NMR (300 MHz, CDCls, ppm) &
7.80-7.78 (br, 2H), 7.60 (br, 4H), 7.12 (s, 2H), 4.17 (br, 4H, -OCHy), 2.92 (br,
4H, -CH2N), 2.66 (br, 8H, -NCH,CH3), 2.05 (br, 4H), 1.12-0.78 (br, 34H). FT-IR
(KBr, cm™): 2962, 2927, 2856, 2810, 1509, 1461, 1381, 1203, 1132, 1052, 1035,
888, 870, 822, 753. C43Hs202N2H2O. Anal. Caled: C, 80.82; H, 9.84; N, 4.27.

25 Found: C, 79.68; H, 9.79; N, 4.35.

Example 7
Preparation of poly{2,5-bis[3-(N, N-diethyl-N-ethylamino)-1-oxapropyl}-1,4-
phenyl}-co-alt-2,7-(9,9-dihexylfluorene) dibromide (G)
30 A 100 mL flask with a magnetic spin bar was charged with the polymer F (100

mg) dissolved in 50 mL of THF. To this solution was added bromoethane (1.09
g, 10.0 mmol) and 12 mL of DMSO. The solution was stirred at 50 °C for 2 days,



1.12-0.78 (br, 39H). FT-1R (KBr, cml): 2927, 2855, 2622, 2472, 1622, 1511,
10 1462, 1394, 1202, 1039, 829, 771. Exanple 8 Preparation of

Pol y{ 2, 5- bi s[ 3- (N N, N-tri et hyl am no) - 1- oxapropyl ] -1, 4- phenyl }
_co-alt-2,7-(9, 9-di hexyl fI uorene) dibr i de (H 15 According 2bAPHE005
procedure for G after 100 ng of F was treated with bronoethane in DVSO THF

(1:4) at rOaﬁut@mﬂ%ra;b(bménfdﬁbré’mdéﬂfanet(fdﬁ54i@Sl5r(¢d1m@I9|V\kd§9éddéd b tne thifd. 299
was obt ai ned as Ilght pi nk col or powders ppm 8

7.80-7.78 (Bay- Affer thessolyion m)s stired g 502%3 farzﬁs d%r lelﬁ andnam
115008 ¢ m%ﬁ%ﬂ‘ serElevdborartl. tHe e préoBiatedy g ddditon of o |
142165 bl39§ 8513012100030,0;&{29101'@5% trB(ﬂaﬁt,eccﬁlfeerefpgy @tﬁhtviﬁtngﬁtiqnplv%aSShed with

| tr|et am no).- 1- oxa (0] 0) -1, 4- e -CO- .
éta]?t ﬁ Shar oD preioPeg)d asA shdagtt J@&&@@%ﬁ%ﬁ%&%ﬁ%@%@rfor
t enper at ure@;‘ g@ r@é ﬁowg@ewéigli)?ﬂ%%tg? hl%gf Bqﬁ@égépngowagé gl-i/oqql\v/\llaﬁs)(y(?t?t MHZ. 4 as
off-white pOMOB, ppm-i) MVRB03RL i, 25T B0 mmm;i _71286; 2H]BAMS: (24, -7. 60

t1-whic b
(b 5. 2, KeHcHaBS troHorCHa). 3201b0) 182t NGBGHIFTE D5 (. A1

208 174150 1 0758y B0 b g 98, S B

{2, 5- bi $03- (146K, N394, £202y 18G0N8RY, 7 Pixapr opyl | - 1, 4- phenyl }

-co-alt-2,7-(9, 9-di hexyl fl uorene) dibromde (J) To the m xture of

9, 9-di hexyl fl uorene-2, 7-bi s(triethyl ene boronate) (504 ng, 1.01 mol),

2, 5-bi s[3-(N, N, N-di et hyl anmoni um) - 1- oxapr opyl ] - 1, 4- di br onobenzene

di brom de (673 ng, 1.00 mvl), Pd(OAcEXatrifle®y) Wwas added a degassed 10

m xture of 10 mM DMF and 4 nL of 2 M potassium carbonate aqueous sol ution.

Preparation of Poly{2,5-bis[3-(N,N,N-triethylamino)-1-oxapropyl]-1,4-phenyl}
-co-alt-2,7-(9,9-dihexylfluorene) dibromide (H)

15 According to the procedure for G after 100 mg of F was treated with
bromoethane in DMSO/THF (1:4) at room temperature for 2 days, the desired
polymer H (54 mg, 46.2%) was obtained as light pink color powders. 'TH NMR
(300 MHz, CD30D, ppm) & 7.80-7.78 (br, 2H), 7.60 (br, 4H), 7.12 (s, 2H), 4.45
(br, 4H, -OCHy), 3.55 (br, 4H, -CH:N), 3.20 (br, 10.4H, -NCH,CH5), 2.05 (br,

20 4H), 1.12-0.78 (br, 37H). FT-IR (KBr, cm™): 2925, 2855, 2629, 2475, 1622,
1511, 1462, 1393, 1202, 1030, 829, 754.

Example 9

Preparation of poly{2,5-bis[3-(N,N,N-triethylamino)-1-oxapropyl]-1,4-phenyl}-co-
25 alt-2,7-(9,9-dihexylfluorene) dibromide (1)

According to the procedure for G, after 100 mg of F was treated with

bromoethane in THF at room temperature for 24 h, the desired polymer | (72 mg,

66.2%) was obtained as off-white powders. '"H NMR (300 MHz, CDCls, ppm) &

7.80-7.78 (br, 2H), 7.60 (br, 4H), 7.12 (s, 2H), 4.17 (br, 4H, -OCHy,), 2.92 (br,
30 4H, -CH2N), 2.66 (br, 9.2H, -NCH>CHj5), 2.05 (br, 4H), 1.12-0.78 (br, 36H). FT-



The m xture was vigorously stirred at 80 C for 48 h. After the mxture was
cooled down to roomtenperature, it was poured into 200 nL of deionized
wat er. The solvent was dialysised with a 5000 cut-off nenbrane. The
solution was then filtered through a @di um porosity sinteredl §pd2005unnel
to give a clear solution. 15 The sol vent was evaporated, and the residue

uas vashed |41 RRRCel Nl boaT Ak Sash AT, dhebSiaT o8 A YBRg. (o

2H), 7.60 (bgy g@,7573, 12 (s, 2H), 4.45 (br, 4H -0OCH2), 3.55 (br, 4H,
-CH2N), 3.20 (br 11.2H, -NCH2CH3), 2.05 (br, 4H), 1.12-0.78 (br, 39H).
FT-IR (KBr, cm'): 2927, 2855, 2622, 2472, 1622, 1511, 20 1462, 1394,
1202, 1039, 829, 771. It should be noted that the pol ymers, quaternized

salts, nmethods and routes that have ighgwn here are exenplary and the
score of the invention is not limt e. As nentioned above,

| : 5 ' th
Vari abi b, i poEafork6t BEFPASHER0ER HRGhRRnOL LSRR 4shERI N 1T
different kinds of nateri A r aspects,
a:jvant ages ;ndsrmdi ficat :"géféltmk? E’%ﬁ%%ﬁ%%gﬂ%f&ﬁﬂqrg'dgrfggnt [ 3?\ wsl | be
tt | | th th t 3
T o e £ To e Tl 00 Binesgifinlens a4 (reBienBdratphaa 504 fiey Lo <
|2 gggnt i on amgmap, f ob|BER[3-(NN, ﬁ-di@ﬂhlyl&ﬁ\’h@ﬁ|Lﬂﬁ®L1/-6RéplQ>byl]he4-fd€Hr6mo@en2éné\pr' l
dibromide (673 mg, 1.00 mmol), Pd(OAc), (20 mg) was added a degassed
10  mixture of 10 ml DMF and 4 mL of 2 M potassium carbonate aqueous solution.
The mixture was vigorously stirred at 80 °C for 48 h. After the mixture was

cooled down to room temperature, it was poured into 200 mL of deionized water.

The solvent was dialysised with a 5000 cut-off membrane. The solution was then

filtered through a medium-porosity sintered glass funnel to give a clear solution.
15 The solvent was evaporated, and the residue was washed with acetone. After

drying, polymer J (320 mg, 31.8%) was obtained as dark gray solid. '"H NMR

(300 MHz, CD30D, ppm) & 7.80-7.78 (br, 2H), 7.60 (br, 4H), 7.12 (s, 2H), 4.45

(br, 4H, -OCHy), 3.55 (br, 4H, -CH,N), 3.20 (br, 11.2H, -NCH,CHj3), 2.05 (br, 4H),

1.12-0.78 (br, 39H). FT-IR (KBr, cm™): 2927, 2855, 2622, 2472, 1622, 1511,
20 1462, 1394, 1202, 1039, 829, 771.

It should be noted that the polymers, quaternized salts, methods and
routes that have been shown here are exemplary and the score of the invention
is not limited to those. As mentioned above, various polymers can be prepared

25 as described by Formula 1. Changing the variables, R{to R, A, B, C, D, E, F, x
and y also contributes to the different kinds of materials that have been covered.
Other aspects, advantages and modifications within the scope of this invention

will be apparent to those skilled in the art to which the invention pertains.



Rl and R2 are identical or different and are each H, a straight or

branched al kyl, al koxyl, ester groups or cyclic crown ether groups having
from1l to about 22 carbon atons; A, B, E and F are identical or different
and are each H SIR R' or NR R' (wheré3 at |east one of A B| ARil®00B is
NR R'); R and R' are independently selected fromthe group consisting of
hydr ogen, unbranched or branched al kyl or al koxyl groups having 1 to about
12 carbon atons, 0 C10) cycloal kyl groups; C and D are identical or
different and are each H (hut can not both be , 0, S, CO COO CRR,
NR , SiR R', whefBeglaimsgeiinmg thisinvgstiopareasifelleee: R3 and R4 are
identical or different and are independently selected fromlinear,
branched or cyclilcal éetanugaigd polymerefithad@@neai phati c noi eties which may
contain one or nore heteroatons; 20 R5, R6, R7 ang; R8 are identical or
different and are independently selected fromlinear, branghed or cyclical
saturated or unsaturated | i phatic noieties whiclRsmay contRj n one or nore
het eroat ons and which ¢ 5}{11 r nore aé’omatic ngéups, substituted
or unsubstituted aro AppiNy ~200 Ve drlogen,

hal ogen, boronic aci g and b are
i ndependent and each is] f W M) R | ~ais 0, b
is a nunber from1 to apsut 100 I i y \ E yfrnomlto
about 100; x and y are-also i RS anq each is ;) roml to
about 100; and n is a nunber from1l to atilbajt 1000.I|18
A B F F
5 wherein:
. Ry and R; are identical or different and are each H, a straight or

branched alkyl, alkoxyl, ester groups or cyclic crown ether groups
having from 1 to about 22 carbon atoms;

. A, B, E and F are identical or different and are each H, SiR'R” or
10 NR'R” (wherein at least one of A, B, E or F is NR'R”); R’ and R” are
independently selected from the group consisting of hydrogen,
unbranched or branched alkyl or alkoxyl groups having 1 to about
12 carbon atoms, (C3 to C10) cycloalkyl groups;

. C and D are identical or different and are each H (but can not both
15 be H), O, S, CO, COO, CRR’, NR’, SiR'R", wherein R’ and R” are
as defined above;

. R3 and R4 are identical or different and are independently selected
from linear, branched or cyclical saturated or unsaturated aliphatic

moieties which may contain one or more heteroatoms;

20 . Rs, Rs, R7 and Rg are identical or different and are independently
selected from linear, branched or cyclical saturated or unsaturated
aliphatic moieties which may contain one or more heteroatoms and
which may contain one or more aromatic groups, substituted or

unsubstituted aromatic moieties;



2. A polynmer according to claiml1, wherein the polyners are honopol yners.
10 3. A polyner according to claim1, wherein the polyners are random
copolynmers. 4. A polyner according to claim 1, wherein the polynmers are
alternated copolyners. 5. A polyner a@dording to any one of 2h&prdi280%s 1
to 4, wherein R and R2 15 are H or strai ght or branched al kyl groups

having from1 to,aboug i§% d?égé}?rhéﬂb E®, bén BElY BBforifté PhdicA0of Qnaéfgl one
of claims 1 to 4, vvherell nle nd R2 g Ol?oxyﬁ éroups W t I?rom
about 12 carbon atomsmokaty,A pol ymer according to any one of clainms | to 4,

wherein R and R' are 20 al kyl or al koxyl groups having from1 to 4 carbon
atons. 8. A pol yrer agcnddbrayetiodepgnderd arid ebehris anumbev\,ﬁmmimtoﬁ\abaut E
and F are independen sel ect d fr hydr o NR,R', (b ot can
b hydr ogeny . b A pepdEReEiL B i B 5 SAGTER Tom LG ehbth 1003 ki o &
R3 and Rl are 25 |ingag iPa ndhies hdkn altbRiBdUL $0ghai ns, having from | to 4
carbon atons, containing one or nore heteroatons and/or one or nore
aromatic groups. . 10. Rapalyaelalds fiticieidehPaidbalifs £huflidr font 149 aout
wherein R3 and R4 are al Koxyl groups having from2 to about 12 carbon
atons. 11. A polyner 30Q@canti ng to any one of clains 1 to 4, wherein R5, R6,
R7 and 30 R5 are |inear or branched aliphatic chains, having from1l to
about 8 carbon atonsn isamunmibenfiprorietocabaudri@0Bet er oat ons. 25 21 April 2005
12. A polymer according to any one of clains 1 to 4, wherein R5, R6, R7 and
R5 are al koRyl gAcpggmeaaccardingoim daitro 1 awberein thecpolpmersaamrbombpolymers] yer
according to any one of clains 1 to 4, wherein x and y are each a nunber

bet ween1@ ald 20A PolyimerA qoobrding tacclairdi Ag wheereinaitine iHlymkes era raraioth y
are each a nunber between | and 10.

copolymers.
4. A polymer according to claim 1, wherein the polymers are alternated
copolymers.
5. A polymer according to any one of the claims 1 to 4, wherein Ry and R;
15 are H or straight or branched alkyl groups having from 1 to about 12

carbon atoms.

6. A polymer according to any one of claims 1 to 4, wherein Ry and R; are
alkoxyl groups with from 1 to about 12 carbon atoms.

7. A polymer according to any one of claims 1 to 4, wherein R’ and R” are
20 alkyl or alkoxyl groups having from 1 to 4 carbon atoms.

8. A polymer according to any one of claims to 4, wherein A, B, E and F are
independently selected from hydrogen or NR'R” (but not all can be
hydrogen).

9. A polymer according to any one of claims 1 to 4, wherein R; and R4 are

25 linear or branched aliphatic chains, having from 1 to 4 carbon atoms,

containing one or more heteroatoms and/or one or more aromatic groups.

10. A polymer according to any one of claims 1 to 4, wherein R; and R, are

alkoxyl groups having from 2 to about 12 carbon atoms.

11. A polymer according to any one of claims 1 to 4, wherein Rs, R, Ry and
30 Rs are linear or branched aliphatic chains, having from 1 to about 8

carbon atoms, containing one or more heteroatoms.



15. A polymer according to any one of clains 1 to 4, wherein a and b are
each a nunber between 0 and 10. 16. A polyner according to any one of
clainms 1 to 4, wherein n is a nunber 10 between 1 and about 50. 17. A

pol ymer according to any one of clains26to 4, wherein G is ap1apl20080i ety
cont ai ni ng hal ogen, boronic acid or boronate radical. 18. A pol yner

accor di ng tq any ﬁ’\fer ‘é'cedﬁ%q} d Qn?lon\éﬂﬁrcﬁél Gt l§ 4 é‘?@ﬁlr%%]Re,?gy and

unsubstltute or s tltut whi c does nhot cont

hal ogen, boroni cRaare aﬂ«oxybgmupshawmglfmh 2 tPabolit i@ garbon atmmos.di ng to any
one of clains | to 4, wherein the |inkage between fluorene and phenyl ene
is on the 113nd A puigmer accordiig toAarnyodryeref claimeod do Agwhereink amky afe ebel s 1

to 4 having a backbone risin tended phenyl ene units. 20 21. A
pol yner accor di n§ 4N nt%ﬁ{)pegﬁgegf ?ﬂ'?da%rs 1 to 4 having a backbone conprising
ext ended_f | ﬁorengf unjits. 22. A method of increasing the solubility, in
pol ar soPverfts PalYRHH; "EFE?Q!'@BQ tactigine 1 brwherein ¥rang . argseact:a nuqnbeR5 R7
DDR3 R4 R RS Botirdn i ang f0.30 26 21 April 2005 wherein:
15. A polymer according to any one of claims 1 to 4, wherein a and b are
each a number between 0 and 10.

16. A polymer according to any one of claims 1 to 4, wherein n is a number
10 between 1 and about 50.

17. A polymer according to any one of claims 1 to 4, wherein G is an aryl

moiety containing halogen, boronic acid or boronate radical.

18. A polymer according to any one of claims 1 to 4, wherein G is hydrogen or
an unsubstituted or substituted aryl moiety which does not contain
15 halogen, boronic acid or boronate radical.

19. A polymer according to any one of claims 1 to 4, wherein the linkage
between fluorene and phenylene is on the 1 and 4 positions.

20. A polymer according to any one of claims 1 to 4 having a backbone
comprising extended phenylene units.

20 21. A polymer according to any one of claims 1 to 4 having a backbone
comprising extended fluorene units.

22. A method of increasing the solubility, in polar solvents, of a conjugated
polymer of the formula:

25

30



Rl and R2 are identical or different and are each H, a straight or

branched al kyl, al koxyl, ester groups or cyclic crown ether groups having
from1l to about 22 carbon atons; 5 A B, E and F are identical or different
and are each H SIR R' or NR R' (where&e6n at | east one of A, 3B Apl@00F is
NR R'); R and R' are independently selected fromthe group consisting of
hydrogen, unbr agy %3 hor branched al kyl or al koxyl groups having 1 to about
12 carbon atons, ? to C10) cycloal kyl groups; 10 C and D are identical or

different and arg eac
NR SRR wherein B Ry afgactlcal 8 Bitchent bnd re maciH. Btailiyr |
identical or differ enbramﬂedraalkylnellkpgyldestdrxgree;bseot eyclid cromn etheagroups

branched or cyclical saturated or rated aliphatic noieties which may
contain one or nore hE?\é’PSgﬁ .to %caﬂapfhﬂf& are identical or

different and are independently. sel ect ed fromllnear branched or cycli cal
saturate‘% or unsatura % Eg?ﬂﬁfa?f%'dﬁﬂt@?ﬁ e diffgren %Pé&a'z?oﬁ@%hﬁ" é r %hor e

het er oat oms. and_ i CFTRY (GABIcR) Bt A0St UnaBY &, B €18} FCisORYRY; ROURAR Ut ed

or unsubstituted aromatic noileties rogeén, hal ogen, roni c acid,
boronate radical or aaraindependertly sel2btea fmmn tbeagreup icdpgistinig of hadnbgeach i's

a nunber fromO to abou re|n a,1s O, bis a nunber froml,to
about 100 and if b isun%ran&ﬂpg q\i{wl?{aﬂﬁ@‘? ?Mh?'iaﬁ‘@xﬂb‘yﬁypi VIng g\ﬁﬁ%b out e
al so i ndependent and ng}&rbé‘n atomETREN3 thre10) leycRaffPYioupk?90; and n is a
nunber from1l to about 1000

10 . C and D are identical or different and are each H (but can not both
be H), O, S, CO, COO, CRR’, NR’, SiR'R", wherein R’ and R” are
as defined above;

. Rz and R4 are identical or different and are independently selected
from linear, branched or cyclical saturated or unsaturated aliphatic

15 moieties which may contain one or more heteroatoms;
. Rs, Rs, R7 and Rg are identical or different and are independently

selected from linear, branched or cyclical saturated or unsaturated
aliphatic moieties which may contain one or more heteroatoms and

which may contain one or more aromatic groups, substituted or

20 unsubstituted aromatic moieties;
. G is hydrogen, halogen, boronic acid, boronate radical or an aryl
moiety;
. a and b are independent and each is a number from 0 to about

100, wherein if a is 0, b is a number from 1 to about 100 and if b is

25 0, ais a number from 1 to about 100;
. x and y are also independent and each is a number from 1 to about
100; and
. n is a number from 1 to about 1000;

by quaternizing terminal amino groups of the polymer.
30



by quaternizing term nal am no groups of the polyner. 30 27 21 April 2005
23. A nmethod according to claim 22, wherein said quaternization is effected
by treating the polyner with an al kyl brom de. 24. A nethod according to
claim 23, wherein the alkyl bromide is 2%ronoethane. 5 25. A PeARdIR005
according to claim 24, wherein the polyner is treated with bronoethane by

stirring th olynmer with brqnoet hane i dinmethyl . sul foxide (DOVS n
Cet 1 ahyar of 23nn. BTG Becodigt iAot p VeI Erid; GHate AN TR e at | o

of DMBO and THE by tre@BRY thd pBlynfdtdvitsn Sikyl bidhsides ef f ected at about 50C
for about 5 days.” 10 277 A nethod according to claim 24, wherein the

polyner is ppeat ad Wbidd IQBRARGARS Blaimt 1791 Wher&R RAGY 3Ryl Woldiide i
bronoethane in tetra g-@r of ur an. §8. A mlet ho ’accorglﬁng togg{yai m 27‘, evvﬁserei n
the stirring is bfdmoethdnat about roomtenperature for about 24 hours. 29.
A nmet hod according to any one of clains 25 to 28, conprising the further

15 st epsdof 25. evAparathod gadcbeding | teedadn 24y r wbepein dhengolyimer s dreatad 2with
pol yner; was hi t he pol yper; .and  dryi t he | ymer. 20 30, A.nethod
Rocordi ng to ol aPFEStaRgr Bvn stifBd, s nedSmer owB; Braoethans in, fimy
acetone fol | owedsQio 88 (DMSSPINPitrabd/drdfufii Agfkyaccording to clai m 29

wherein the washing is effected wth “chlorof orm’and/ or acetone. 28 21

April 2005 38. AATRIMGH Qbchiiny BEidnt 95 %g?&ﬁ tﬁégiaaaid% PASOBhd Tariigg a
desired solubility in a given solvent, said nethod conprising:
about 1:4, and the stirring is effected at about 50°C for about 5 days.

10 27. A method according to claim 24, wherein the polymer is treated with

bromoethane by stirring the polymer with bromoethane in tetrahydrofuran.

28. A method according to claim 27, wherein the stirring is effected at about
room temperature for about 24 hours.

29. A method according to any one of claims 25 to 28, comprising the further

15 steps of:
. evaporating the solvents;
. precipitating the quaternized polymer;
. washing the polymer; and

. drying the polymer.

20 30. A method according to claim 29, wherein the polymer is precipitated by

adding acetone followed by centrifugation.

31. A method according to claim 29 wherein the washing is effected with
chloroform and/or acetone.



providing a polyner of the formrula: 5 x abEE 11 RRRFCCDDR Rs

F F wherein: 10 15 20 25 R and R2 are identical or different and are each
H, a straight or branched al kyl, al koxyl, ester groups or cyclic crown
ether groups having from1 to about 228carbon atons; A, B, B aApi 2B0are
identical or different and are each H SIR R or NR R' (wherein at |east
one of A, B, Eor Fis R and R' are | ndependently selected from

the group 83nsi At methask gﬁfgf%ibén? cRNivgated ecationio PalyRtd having a desitgdcoxy |
groups having 1 gauginfygb aégi%/?ﬁrsgﬂlénf‘,t ® mdtiay Egﬂp%ﬁp cycl oal kyl groups;

C and D are identica erent and are eac can not both be H),
0, S CO COO CRR, i S I ' and R' are as defined above;
R3 and R4 are identi cal V@H%%@&%ﬁ?%ﬁgq&@“?hdependentIy sel ected from
linear, branched or cyclical saturated or unsaturged aliphgtic noieties

whi ch may contain one or

5 R,
G
R3
£
wherein:
10 . R4 and R; are identical or different and are each H, a straight

or branched alkyl, alkoxyl, ester groups or cyclic crown ether

groups having from 1 to about 22 carbon atoms;

. A, B, E and F are identical or different and are each H,
SiR'R” or NR'R” (wherein at least one of A, B, E or F is
15 NR'R”); R’ and R” are independently selected from the
group consisting of hydrogen, unbranched or branched alkyl
or alkoxyl groups having 1 to about 12 carbon atoms, (C3 to
C10) cycloalkyl groups;

. C and D are identical or different and are each H (but can
20 not both be H), O, S, CO, COO, CRR’, NR’, SiR’'R", wherein

R’ and R” are as defined above;

. R3 and R4 are identical or different and are independently
selected from linear, branched or cyclical saturated or
unsaturated aliphatic moieties which may contain one or

25 more heteroatoms;

. Rs, Rs, R7 and Rg are identical or different and are
independently selected from linear, branched or cyclical
saturated or unsaturated aliphatic moieties which may

contain one or more heteroatoms and which may contain



nore heteroatons; R5, R6, R7 and R8 are identical or different and are

I ndependently selected fromlinear, branched or cyclical saturated or
unsaturated aliphatic noieties which may contain one or nore heteroatons
and which may contain 29 21 April 2005 2sne or nore aromati c gpoOBpAElL2005
substituted or unsubstituted aromatic noieties; 5 G is hydrogen, hal ogen,
boroni c acid, boronate radjigcal : | ; : rel dent
and each is a nunber from Bﬁﬁgroégﬁtar%é{,'c\rlqagﬁseél/’nsqt%t@nlg%%(S?l‘"gsqbgﬂg’?ﬁﬁunber
from1l to about 100 and i ardmatic Ppisdiess a nunber from 1 to about 100; x
and y are al so i ndependent and each is a nunber from1l to about 100; and 10
nis a number from1 to abGuis Hydesen, dellagen, biongnie adieh; iboeshate Iradichi dryamf
the polyner in the given solyent; and quaternizing term nal am no groups
of the polymer to an exten®V MQY¥e¥sary to cause the pol ymer to have the
desired solubility. 15 33. A method according to claim 32, wherein between
about 30% and about 80% oft ank b alenindgpendenioand eash isiaugwer from 0 to
guat erni zation. 34. A neth ' ol ' V\Q@ﬁ ' '

quaterni zation is effect edgg%l?/tcf%gé'ﬁ%geﬁrfggé %op]yﬁé? A Bgﬁfréﬁ'l(gltohagquée_
35. A nethod according to d0@iamd3#b isndea & a nuhtbealifioph 1halabdat 160;

bronoet hane. 20 36. A nethod according to claim 35, wherein the polyner is

treated with bronoet hane Ryargky aré dsd inelepehsiert and thchi®anairmbaefrom 1

[ hyl | f oxi d tetrahydrof THF) .
di et hy sul f oxi de ( DVSO) toagboutemro?a)r/\dro uran ( )

10 . n is a number from 1 to about 1000;
. determining a desired solubility of the polymer in the given solvent;
and
. quaternizing terminal amino groups of the polymer to an extent

necessary to cause the polymer to have the desired solubility.

15 33. A method according to claim 32, wherein between about 30% and about

80% of the terminal amino groups undergo quaternization.

34. A method according to claim 32, wherein said quaternization is effected
by treating the polymer with an alkyl halide.

35. A method according to claim 34, wherein the alkyl halide is bromoethane.

20 36. A method according to claim 35, wherein the polymer is treated with
bromoethane by stirring the polymer with bromoethane in dimethyl
sulfoxide (DMSO) and tetrahydrofuran (THF).

37. A method according to claim 36, wherein the ratio of DMSO and THF is
about 1:4, and the stirring is effected at about 50°C for about 5 days.

25 38. A method according to claim 35, wherein the polymer is treated with

bromoethane by stirring the polymer with bromoethane in tetrafurohydran.

39. A method according to claim 38, wherein the stirring is effected at about
room temperature for about 24 hours.



37. A nethod according to claim 36, wherein the ratio of DVSO and THE is
about 1:4, and the stirring is effected at about 50C for about 5 days. 25
38. A nethod according to claim 35, wherein the polyner is treated with
bronoet hane by stirring the polynmer w 29abronpet hane in tetra2uApil200an.
39. A nethod according to claim38, wherein the stirring is effected at
about roomtenperature for about 24 hours. 29a 21 %ril 2005 40. A net hod
accor di ng t #0anyAdnethed aqcerding e any o ofceaigns 36 ie 3Bnheomprisingrthefudhear of
evaporating the %bg%@ts; precipitating the quaterni zed polyner; 5

washi ng the pol ynef; and drying the polymer. 41. A nethod according to

claim40, whereip thee\;%&r%ﬁ%g% chl\t;&lggj tated by adding acetone foll owed

by centrifugation. 42 according to claim40, wherein the washing
is effected with, 10 chl orof. [ 43. A nethod of formng a
conj ugated cationic pén{éy%t%méﬁ%ﬂﬂéﬁw?&&@%%e‘%i ng: providi ng nononer
precursogs of a pol yngr f 15 A'B 20 wherein: F RL and R2 are
i denti c% or di ffereﬁagﬁhggﬁgpgygﬂém,ghg straight or branched al kyl,

al koxyl , ester groups,or ¢ clic crown ether groups having from1 to about
22 carbon atons; 25 ASYBY EECRYYPCL e identical or different and are each
H 41. A method according to claim 40, wherein the polymer is precipitated by

adding acetone followed by centrifugation.

42. A method according to claim 40, wherein the washing is effected with

10 chloroform and/or acetone.

43. A method of forming a conjugated cationic polymer, said method
comprising:

. providing monomer precursors of a polymer of the formula:

15
20 wherein:

. R1 and Ry are identical or different and are each H, a straight
or branched alkyl, alkoxyl, ester groups or cyclic crown ether
groups having from 1 to about 22 carbon atoms;

. A, B, E and F are identical or different and are each H,

25 SiIR'R” or NR'R” (wherein at least one of A, B, E or F is

NR’'R”); R* and R” are independently selected from the
group consisting of hydrogen, unbranched or branched alkyl



SRR or NRR' (wherein at least one of A/ B Eor Fis NRR'); R and R
are independently selected fromthe group consisting of hydrogen,
unbranched or branched al kyl 29b 21 April 2005 or al koxyl groups having 1
to about 12 carbon atons, (C3 to C10) agpcl oal kyl groups; 5 21 Apdl 2008r e
Identical or different and are each H (but can not both be H), 0, S CQ
COO, CRR, NR, SIRR', wherein R and R' are as defined above; R3 and R4
are identical or differentoaalfoxyl@rowes paviagrt toabaw Bk eargonraiamsi (fedto

branched or cyclical satur S ted aliphatic noieties which may
contain one or nore heterggﬁgﬁ&milgﬁlﬁs%gz R5, R6, R7 and R8 are identical

or different and are _indepe I I f | r r h

cyclical saturated or unsgté}?cgﬁeay%l?cfeﬁﬁg%rgr H[ff%g%'{‘fe@ﬁ‘?ﬁf%rb?aﬁﬁﬁ* Gi@%ﬁ%%rl‘n
one or nore heteroatons anfoviothlbe™Ry, ©08! @ COME CRRINRY, SIR/RA! wheioups,
substituted or unsubstituted aromatic noieties; Gis hydrogen, hal ogen,

boroni c Acid, boronate radRcand& ain asgsfinedAbave; a and b are i ndependent
and each is a nunber fromQ to about 100, wherein if ais O, b is a nunber
from1 to about 100 and i RsipndsRe, arg identicaluemdifferentnand aée drdrrendsotly x

and y are al so i ndependent <gRehGAGhh Sifdl BiEhchEA ™ cyificdPHturdl #nd

unsaturated aliphatic moieties which may contain one or

more heteroatoms;

10 . Rs, Rs R; and Rg are identical or different and are
independently selected from linear, branched or cyclical
saturated or unsaturated aliphatic moieties which may
contain one or more heteroatoms and which may contain

one or more aromatic groups, substituted or unsubstituted

15 aromatic moieties;
. G is hydrogen, halogen, boronic acid, boronate radical or an
aryl moiety;
. a and b are independent and each is a number from 0 to

about 100, wherein if a is 0, b is a number from 1 to about
20 100 and if b is 0, a is a number from 1 to about 100;

. x and y are also independent and each is a number from 1
to about 100; and

. n is a number from 1 to about 1000;
. quaternizing terminal amino groups of the monomer precursors;
25 and
. synthesizing the cationic polymer from said quaternized monomer
precursors.

44. A method according to claim 43, wherein said synthesis is effected by the
Suzuki coupling reaction.



nis a nunber from1l to about 1000; quaternizing term nal am no groups of
t he nononer precursors; 25 and synthesizing the cationic polyner fromsaid
guat er ni zed nononer precursors. 44. A nethod according to claim43, wherein
said synthesis is effected by the Suzwc coupling reaction. 2Psp@R06pri |
2005 45. A method according to claim43, further including the steps of
determning the desired solubility of the cationic polynmer and cal cul ating

t he amount 6P nﬁﬁﬁﬁ@\Odpﬁc‘@@[ﬂ'@@l’@C 3, darthey ln@lruﬁhng tbatsﬁ%nﬁ ef drieymining
having the desi fhe'eeI ldbédlulﬁlbﬁyeqﬁ tA8 catbbﬁf‘étp%ﬁﬂn%’éSI | & Qlaflﬂgﬁi}n??mo fﬂt of o

further including t ermnrn

cationic pol ynermMenhpreﬂursdrberdcﬂmrEdn&i formi alocajronin$>oayrﬂexqm\avmgntWead to
a degree suffici a‘nt_ g@ in the cationic polyner having the desired
solubility. 47. Wif H’catlonlc polyrrer of the formula: 10 EE 1| |
RS R7T CC Y 15 wherein: 20 25 Ri are identical or different and are
each H, 2 4Pr ai fHnethoduacanssiog tam@m 43 fusther including the stapsobdetepsining

crown ether grougy Ravdd sbiiiy drothaPeionid PR AAiCWRerein the terminal

amino groups are quaternized to a degree sufficient to result in the
cationic polymer having the desired solubility.

47. A conjugated cationic polymer of the formula:

10

15

wherein:

. Ry and R, are identical or different and are each H, a
straight or branched alkyl, alkoxyl, ester groups or cyclic

crown ether groups having from 1 to about 22 carbon atoms;

20 . A, B, E and F are identical or different and are each H,
SiR'R” or NR'R” (wherein at least one of A, B, E or F is
NR'R”); R’ and R” are independently selected from the
group consisting of hydrogen, unbranched or branched alkyl
or alkoxyl groups having 1 to about 12 carbon atoms, (C3 to
25 C10) cycloalkyl groups;

. C and D are identical or different and are each H (but can
not both be H), O, S, CO, COO, CRR’, NR’, SiR’'R", wherein
R’ and R” are as defined above;



A, B, E and F are identical or different and are each H S RR' or NR R
(wherein at least one of A, B, Eor Fis NRR'); R and R' are

i ndependently selected fromthe group consisting of hydrogen, unbranched
or branched al kyl or al koxyl groups h&edng 1 to about 12 car®bApadita®®s, (C3
to Cl10) cycloal kyl groups; C and D are identi cal or different and are each

H (but can not both be H_, 0, S_ CO R R', wherein
and R* are as defined* abovRBs aZ@dRZPrﬁdﬂﬁnf'@GH d'ﬁgr%cﬁwa@ E‘qetﬂ’@ﬁfi?BﬁY or
different and are i ndependg d ?ﬂn‘?cﬁﬁ% c?EﬁéHfhEquPéteHVBF' cal
saturated or unsaturated a at| C noie rray ontai n one or

heteroatons; 5 10 R5, R6, uﬁ§atarale<ﬂ2%lmmucdaofetreal whichd nfdye centairaresheaoe
i ndependent I y selected fromlinear, pbranched or cyclical saturated or

unsaturated aliphatic noi ef%S reﬁ contain one or nore heteroatons
and which may contain one_or ar orra ups ubstituted or
unsubsti?uted aromatfc m)Rétr%% G aRdp rég% 'deﬁg‘i’%gé’ﬁ di SFer @”chaﬁe

boronate radical or an wgggwﬁ%wey njé]lfctéﬁ'dfrg%rafrﬁeéﬂ?d&%‘ﬁ(}ﬁ cliagh is

a nunber fromO to about 'S a nunber fr mlto
about 100 and if b is 0, saiusatednwrbansatucated abplaﬂdmjtmarieﬁesxwhitdh ymay e

al so i ndependent and each is a.nunber fromJ1 . to_ abo q_‘ and .
contain one or more heteroatoms an whHich may contain

one or more aromatic groups, substituted or unsubstituted

10 aromatic moieties;
. G is hydrogen, halogen, boronic acid, boronate radical or an
aryl moiety;
. a and b are independent and each is a number from 0 to

about 100, wherein if a is 0, b is a number from 1 to about
15 100 and if b is 0, a is a number from 1 to about 100;

. x and y are also independent and each is a number from 1
to about 100; and

. n is a number from 1 to about 1000;

said cationic polymer comprising repeating units of the formula:
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wherein:

(a) Ri1, Ry, Rs, Rs, Rs, Rg, R7, Rg, C, D, a, b, x and y are as defined in
claim 1; and



nis a nunber from1l to about 1000; 20 25 said cationic polynmer conprising
repeating units of the formula: RSBR4 EE | | R RT CCaby DD t6~ R8 F
F wherein: (a) Rl, R2, R3, R4, R5, R6, R7, R8, C, D, a, b, x and y are as
defined in claiml; and 29e 21 April 20885 5 (b) in at |east »hApuif200be
repeating units, at least one of A, B Eand F is NRR'R'", wherein R, R
and R'' are |nde endently sel ected fromthe groups consi sting of hydrogen
unbr anched or &Hc hel@ atdeast ong o&th@)saﬂeagn@wgsmtvlpﬁgt ane gf é\b@utE apd &ar bon
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cationi c pol yner accoirdmntylet grotipsi condstinghefr keydrogén,| eatstanohed @ir bkandhede
and F i s amonium 10

ationi c pol yner i.n o claim49
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substitugnt of the p Lbeni ¢ polyner according to claim49
wherein, in nore thagiog(gﬁols C¥éf$ﬁlgﬁ§1% b

48. A cationic polymer according to claim 47, wherein at least one of R’, R”
and R is hydrogen.

49. A cationic polymer according to claim 48, wherein at least one of A, B, E
and F is ammonium.

10 50. A cationic polymer, according to claim 49, wherein the ammonium has

been quaternized from at least one amino substituent of the polymer.

51. A cationic polymer according to claim 49 wherein, in more than one of the

repeating units, at least one of A, B, E and F is ammonium.

52. A cationic polymer according to claim 51 wherein, in more than one of the
15 repeating units, more than one of A, B, E and F is ammonium.

53. A cationic polymer according to claim 50 wherein between about 30% and
about 60% of the amino substituents in said polymer have been
quaternized to ammonium.

54. A conjugated cationic polymer formed according to the method of any one
20 of claims 43 to 46.

55. A conjugated cationic polymer substantially as hereinbefore described
with reference to any one or more of the examples.

56. A salt comprising a conjugated cationic polymer according to any one of
claims 47 to 55.

25 57. An ionic composition comprising a cationic polymer according to any one
of claims 47 to 55.

58. A method of increasing the solubility, in polar solvents, of a polymer of

any one of claims 1 to 21, said method being substantially as



repeating units, at least one of AL B, E and F is ammonium 52. A cationic

pol ymer according to claim51 wherein, in nore than one of the 15
repeating units, nore than one of A B, and F i s anmoni um Zi A\ cationic
pol ynmer according to claim50 wherein ween about 30% and ORt! B8, of

the am no substituents in said polyner have been quaternized to ammoni um
54. A conj ugat ed : hIOH fQr [ale} t o) one
20 of clainms 43 ?%@%@é’f?% p%ﬁ%ﬂg%tggq%%f%e?éepgwnéassgﬁs’?Qﬁ? i%fl ?@gas
her ei nbef ore desexamptes.with reference to any one or nore of the exanples.
56. A salt conprising a conjugated cationic polynmer according to any one of
clai ms 47 t 6955. A2félfiod Af fooming aocopujagatedncationic iilyrper leatingr depivkd mer
according to any one. of clains 47 to 55. 58, A nethod of increasing the
solubility, in péP'é.'E"'%l e sIIVER éOB/&"?rreﬁa'%f methed oheingr sgipgtantialy 1 8s 21,

sal d metgod bei neeRliGIBAL | didcrived sith férefBicd 180%nyNBhe! BPCBRE gedfig! bed
with reference to any one or nore of the exanples. 59. net hod of form ng
a conj ugat ed cat examglgsol ymer, having a desired solubility in a given

sol vent, said nethod being substantially as 5 hereinbefore described with
reference to any one or nore of the exanples.



