-1 Polymers of 8, 9-Di hydrobenzo[deticarbazole and their Use as Organic
Sem conductors Field of the Invention The invention relates to novel

pol yner s wonvainsssg 8, 9- di hydr obenzo[ def] car bazol e uni PsT/EPethod®48Nd
materials for their preparation, their gse as sem conductors in organic

el ectronic (OE) devices, and to OE devices conprising these polyners. 10
Background of the Invention In recent years, there has been devel opnent of
organi ¢ seniconducting (OSC) materials in order to produce nore versatil e,
| ower cost electronic 15 ch rlalsflnd lon in a wde
range of device Y"‘&ﬁﬁé’?fﬁ g?ﬁyﬂﬁﬁﬁnﬁdgﬂﬁﬁm?wé @% ta{rganm stors
(OFETs), organic light emttinQrdanidcSeimitaidyctgraot odet ectors, organic
photovoltaic (OPV) cells, sensors, nenory elenments and logic circuits to
name just a few. The organic sem conduct| ng materials are typically present
in the el ect Fied of ff@iaventionn the formof a thin layer, for exanple |ess
than lgm cron thick. The performance of OFET devices is principally based
upon t he charge carri f he sem conducti 0‘{}9 material and the
current on/ofl eﬁ'&Y@’B'O%f@@tﬁé t‘i’(ﬂ‘@é(? RAKMEEHBINABING Rotil d have a | ow
conduct i vi tydiﬁydiétferm‘d[déﬂﬁrbazcﬂéam‘tbj methodd dnd nidtghials ar theircarri er

seni conduct | AERAREohanelrSteeds sr MsRPAubeR in blodls HERRBARTOD™, La< &
hi gh i oni sat devicpst and t@OE deviogs @ampmunslngetmsetp@lymdlsced devi ce

perforgmnce. 30For application in bulk heterojunction (BHJ) organic
phot ovol'tai c (OPV) cel Ifs a sem conductor is required that has a | ow

band-gap to n N harvesting by the photoactive |ayer that
can lead to higher cell efficiencies. 35Further requi rements for the

sem conductor are ood sg#utlon rocessabi |ItrX 8 ecially fo karge scal e
product i on ofn fegen |y§9ésr giehas been development o organic Semiconduc ing

(OSC) materials in order to produce more versatile, lower cost electronic
15 devices. Such materials find application in a wide range of devices or
apparatus, including organic field effect transistors (OFETs), organic light
emitting diodes (OLEDs), photodetectors, organic photovoltaic (OPV)
cells, sensors, memory elements and logic circuits to name just a few. The
organic semiconducting materials are typically present in the electronic
20 device in the form of a thin layer, for example less than 1 micron thick.

The performance of OFET devices is principally based upon the charge
carrier mobility of the semiconducting material and the current on/off ratio,
so the ideal semiconductor should have a low conductivity in the off state,

25 combined with a high charge carrier mobility (> 1 x 10 em?V's™). In
addition, it is important that the semiconducting material is relatively stable
to oxidation i.e. it has a high ionisation potential, as oxidation leads to
reduced device performance.

30 For application in bulk heterojunction (BHJ) organic photovoltaic (OPV)
cells, a semiconductor is required that has a low band-gap to enable
improved light harvesting by the photoactive layer that can lead to higher
cell efficiencies.

35 Further requirements for the semiconductor are good solution
processability, especially for large-scale production of thin layers and



-2 desired patterns, and high stability, filmuniformty and integrity of
the organi c sem conductor |ayer. N trogen containing small nol ecul es,

ol i goner swand11piab8srer s have S5denonstrat ed i nteresting h8CEEPREHAHPHIAT
properties.1l:5 Various materials have bein devel oped to take advantage of
this physical property in organic light entting devices (OLED), in organic
field-effect transistors (OFET) and organi c photovoltaic cells (OPV).
However, nost of those materials show poor solubility or poor structural

organi zation,in the 1 F JR& t | s have
general ly reﬂﬁ? tr%qi egﬁmsefn&jﬂghgﬁb aybﬁbégﬁl }}&e?@]ﬁ%gé@r?ﬁﬁ?mt erial.
Recent |y mat ergaalis seanieondymborn layet.hat conbi ne fl uorene and phenant hrene
core units, leading to highly thermally stable polyners 15derivatives,
nanel y poI y(4H— cycl opent a[ det ] phenant hr ene), for use in OLED and OPV
devi ces. " Hohtvegen pesi@intag snall wolgay! 939}989?@33 8nd plyraersdi@vser f or mance

due tost hei rdb%r@%&@@ndtémagrﬁol@traﬁgmmgso erhies. éwaen,oukhﬂat@nass still a
need for OSC materi aI tkllat Cgf {]?i(t@ ve,t he ﬁ@dﬁﬁhwbac lOI’ art
materi al s anf@4eOESH; %“rﬂ%p? 0 aRgee 9 Yy %89/‘? Y The
materi al s Sh@r@@hlbagbasm:ttmgsiﬁvidess(meD)s roorganaxdfieltreffactitransistarani zat i on

and filmfor r@?f‘l&ﬁ gﬁ@e&gbﬁ% pr‘?&‘tﬁbgl't%c%gﬁéj(6#92348&?9??'?%&%?%6@

especially a carrier I'on proce55|b|lty i.e.
a hi gh sol ubmateyaisrsrmvgaap&s@ybt}@h@l’spoq@ruqt@nal etggsiizatiop inthgisplid For * use

in OPVqgel | Sstétgesﬁ ﬁhﬂ&érﬂwd?évﬁe%e|rﬁ¥‘te*ﬁ§%&i§3 geNdraf r @cﬁmmoeéomplérxoved i ght

harvesting by the phot oacti ve ca Iead to” hi gher cel
ef fi ci enci es sypthetiggautes topyisid t ﬁ%gné?ﬁ? t1dlo a need for OSC materials

30that allow inproved charge injection into the sem conducting |ayer from
Recently materials were reported that combine fluorene and
phenanthrene core units, leading to highly thermally stable polymers
15 derivatives, namely poly(4H-cyclopenta[deflphenanthrene), for use in
OLED and OPV devices.®® However these materials are reported to show
a low performance due to their low charge transport properties.

Therefore, there is still a need for OSC materials that do not have the
20 drawbacks of prior art materials and are suitable for use in OFET and BHJ
OPV devices.

The materials should be easy to synthesize, show good structural
organization and film-forming properties, exhibit good electronic

25 properties, especially a high charge carrier mobility, good solution
processibilty i.e. a high solubility in organic solvents, and high stability in
air. For use in OPV cells, they should have a low band-gap, which enables
improved light harvesting by the photoactive layer and can lead to higher
cell efficiencies. For use in OFETs there is also a need for OSC materials

30 that allow improved charge injection into the semiconducting layer from
the source-drain electrodes.

It was an aim of the present invention to provide improved polymers for

use as OSC materials especially in BHJ OPV devices, but also in OFET
35 devices, which show the above-mentioned advantageous properties, and

which do not show the above-mentioned disadvantages of prior art



t he source-drain electrodes. It was an aimof the present invention to
provi de inproved polyners for use as OSC materials especially in BH] OPV
devi ces, Wonrodlgesoon OFET 35devi ces, which show t he aboPeTAP2011ONSLS

advant ageous properties, and which do n show t he above-nenti oned

di sadvantages of prior art _ 3 _ materitals. Another aimof the invention
was to extend the pool of OSC naterials available to the expert. Oher ains
of the present invention are imrediately evident to the expert fromthe

fol l owi ng detailed descriptj f ' i
nave Tound t FCTsanane Arbae IR BbadEs & e Tne bBRES O U T o
descri bed heneiterdlsavailablect tberexpert. Otheroaials of thatpsesenitiegention are

8, - di hydr obgrgl Ll caiderablnuthber i the foibiig eRARAIetipaoRazol e

. t
unit has not 'been yet integrated ihto 10oligoneric or polyneric structure.
Pol ymers containing this unit are expected to show i nproved hol e transport

anf' E)Zgﬁ OVO: Wﬂbq?@érﬂﬁﬁbflﬁ%pr@t@ﬁﬁﬁheénﬁorﬂ\afl@f%mﬁ mlaltdm»t ?ﬁmwat nBS. Conal
pol y cycl opent a[,de nant hr enes) . i.S i eved. e additiona
LY Sgen. xt oAphRverByatolEfitg e babSihert podRed e eierd s, WDEE behavi our
by i ncr easi ngohtzin dptidralty substitutedt8;9+dihydrobéemzo[defl¢tarbSaoleamjtsof t he

I nvention The invention relates to conjugated polyners of fornmula | 20 . |

(A)Xx (Ar)y in *I 25wherein Ais on each occurrence identically or.
di fferently Ther&8mlibydrobenzo[deflcarbazole unit has not been yet integrated into

10 oligomeric or polymeric structure. Polymers containing this unit are
expected to show improved hole transport and photovoltaic properties,
compared e.g. to the already known poly(4H-cyclopenta[def]
phenanthrenes). It is believed that the additional nitrogen atom in the
structure has an influence on this improved behaviour by increasing the

15 electron density within the unit.

Summary of the Invention

The invention relates to conjugated polymers of formula |

20
*—[-(A)X——(Ar)ﬂn—* |
25 wherein
A is on each occurrence identically or differently a group of
formula Il
eV ..

|
R

35

R is on each occurrence identically or differently H, halogen, a



formula Il 35 -4 straight-chain, branched or cyclic alkyl with 1 to 35
C atons, in which one or nore non-adjacent C atons are optionally replaced
by -0-, -¥0,2011006866- 00- 0-, -0-00-, -0-00-0-, - CR=CR- oPCTEE201a/000%H which
one or nore H atons are optionally replaced by F, d, Br, I or CN, or Ris
an aryl, heteroaryl, aryloxy or heteroaryloxy group having 2 to 40 C atons,
and Ris optionally substituted by one or nore non-aromatic groups Rl1, 10R
and R are independently of each other H or an optionally substituted carbyl

o each occutrence.tdonrriaiF ey BifRlqrBuld Afc Bl MRS TS E MR B0

or heteroaryl group thm'tthihdm& onmqrqngutmimmtéaam@ﬁee@ptlﬂmlty groups R

or R1, Y1 and Y2are 'n%ﬁﬁ |5 _o_f _e_@%j QERRD- H,OJE;OCI OQ(COC@ 20R1li s on
o Ré q,5

each occurrence identi H~ hal o - -NC, - NCO,
_NCS, - OCN, -SCN C(— _WSIR me ioRgR atomis Atesy

-S03H, 5- S2R, - OH, - NgBtion |ao‘é|a5b 9pC| @ral bVCNJbﬁ?lRiswired ilyl, carbyl
or hydrocarbyl with 1 0, 40 g:r%p y o

ato t hat ti onal S ti ed and
optional |y conprises oR&&SPa %rae[yﬁg(yé:r@e ?899}?0’5% 959L§¥J“a‘“ 930 4E)Lkgs/marl sabl e
group, atoms, and R is optionally substituted by one or more non-
aromatic groups R’,

10 R® and R® are independently of each other H or an optionally
substituted carbyl or hydrocarbyl group optionally comprising
one or more hetero atoms,

Ar is on each occurrence identically or differently -CY'=CY%, -
15 C=C- or an aryl or heteroaryl group that is optionally
substituted by one or more groups R or R',

Y'and Y?  are independently of each other H, F, Cl or CN,

20 R! is on each occurrence identically or differently H, halogen, -
CN, -NC, -NCO, -NCS, -OCN, -SCN, -C(=O)NR°R, -
C(=0)X° -C(=0)R?, -NH,, -NR°R?, -SH, -SR?, -SO3H, -
SO,R®, -OH, -NO,, -CF3, -SFs, optionally substituted silyl,
carbyl! or hydrocarbyl with 1 to 40 C atoms that is optionally

25 substituted and optionally comprises one or more hetero
atoms, or P-Sp-,

P is a polymerisable group,
30 Sp is a spacer group or a single bond,
X° is halogen,
L has on each occurrence identically or differently one of the

35 meanings given for R or R',



30Spi s a spacer group or a single bond, Xi s hal ogen, has
on each occurrence identically or differently one of the 35neani ngs given
for R or W0,2011/86866ris O, 1 or 2, xis on each occurrencecCrdPneitoaioly or
differently 0 or 1, wherein in at |east one repeating unit [(A)Xx-(Ar)y] X
Is 1, Yis on each occurrence identicallfy or differently O or 1, ni.s an
integer > 1. 10The invention further relates to a polyner blend conprising
one or nore polyners according to the present invention and one or nore

pol ymers, preferably seu§cieﬂ from pol yners havi ng sem conducti ng, charge
transport, hble/electrn” 8 gport, hol e/ el ectron bl ocking, electrically
conducting, photoconducting or light emtting properties. 15 The invention

further relages to a fRraubath BRoGRERLS HeMicaMPoRaiffBRéMyRpLYTEr S Or pol yrer

bl ends according to the present 1 nvention and one or npbre_salvents,
preferably sel ected frohespigdmat least pagirepeaignhunit HOIntAd Xidilt her rel at es
to theguse of polyners, polyner blends and fornulations according to the
present invention as charge transport, sem.conducti lectrically
Gonduct i ng, Bhot ocondult PREAGR OEFRENERTdatRg AT SYTER BT Bh T cal

el ectrooptical, electronic, electrolumnescent or photolun nescent
conponent s oF‘ devi ces. iszg’n integer > 1.

10 The invention further relates to a polymer blend comprising one or more
polymers according to the present invention and one or more polymers,
preferably selected from polymers having semiconducting, charge
transport, hole/electron transport, hole/electron blocking, electrically
conducting, photoconducting or light emitting properties.

15
The invention further relates to a formulation comprising one or more
polymers or polymer blends according to the present invention and one or
more solvents, preferably selected from organic solvents.

20 The invention further relates to the use of polymers, polymer blends and
formulations according to the present invention as charge transport,
semiconducting, electrically conducting, photoconducting or light emitting
material in optical, electrooptical, electronic, electroluminescent or
photoluminescent components or devices.

25
The invention further relates to a charge transport, semiconducting,
electrically conducting, photoconducting or light emitting material or
component comprising one or more polymers, polymer blends of
formulations according to the present invention.

30
The invention further relates to an optical, electrooptical or electronic
component or device comprising one or more polymers, polymer blends,
formulations, components or materials according to the present invention.

35 The optical, electrooptical, electronic electroluminescent and
photoluminescent components or devices include, without limitation,



The invention further relates to a charge transport, sem conducting,

el ectrically conducting, photoconducting or light emtting material or
conponentwoanpriisseag one or nore pol yners, polymer bl enadsTaP26i0nmskmt i ons
according to the present invention. 30 The invention further relates to an
optical, electrooptical or electronic c@mponent or device conprising one or
nor e poI ynmers, polyner blends, fornulations, conponents or materials
according to the present invention. 35The optical, electrooptical,

el ectroni c el ectrol um nescent and phot ol um nescent conmpon s or devices

i ncl ude, wi torg@niq fieldtaftech transisgors (Qer%\ﬂp tnin filp dragsisders Ffﬁusl stors (OFET),
thin filmt rrﬁ[??rﬁéﬁ SirdifsT)IC), ||BQIQQTI@UQ§I cdpaeibiss rddib)fredueice circuits,

t i f. t RFI
conponent s, BegHFAIGT BRHCIAROR Sy e oReoTeprre: BRI Esv' YRR ¢ i ng
transi stors d|@d5§)(OLEEa)t orgaret I|§Ui spitiyg irabalstdrsg@ﬂ_‘ET()fﬂatnsqﬂays organi c
ol | o 51 aser IS baplaks oPUicbials, B Bhoe E‘%‘F@e? e aphi o
devi ces, el ebeteopjboction PHIE ORALdevicasg, el erlls, lasegdindesrenory devi ces,
sensor devi C?ﬁotf%Bﬁ{iE@to'ré‘J;ﬁ%tb@@te'c?éf@r&ecﬁbé‘ﬁc% Feﬁﬂf@@@(fbekayers or

I nterl ayers ttin | odes PLEI%;?LI ani c

pl asnon- em teia@goah@é&arempz%w'@&PISY‘%W QfggRissMe) QP"@ AgSFAEr s,

anL !sfﬁ atic f uéwg‘ei ltqmafgenn telé?@m lavef:t, echargdtraneport Hewrs r?ﬁgﬂtduayensgn

su u |

al i gnmzht I a98 gnerdligglggﬁgaﬁlpg B?%%‘] lp%bggé%@%? I%ﬁﬁ?(n ﬁ&'ﬁ' (img%?y

devi ces, and(©PEDz)eBCIsottty dfedese;slaménﬂngd@,t&rsiamt@ptamlﬂlmscgqumaat i ng DNA
sequences. e%'tljﬁofiﬁi R‘?&%&éﬂé t@%dh%ﬁﬁi%kﬂ&rates conduc't_"ngure 1 shows

the current densi Ver sus vo et erojunction Z200PV devi ce
accor di ng topEBtalmﬂ elepgode; r@at@ Q’h%ﬁeﬂ% abignment layersikigsensossis vol t age

of a bul k hepeyRigdcktanty PRMridRyd, R cafgCd&licds, b dRempbrerdB.or devices

15 for detecting and discriminating DNA sequences.

Detailed Description of the Invention

Figure 1 shows the current density versus voltage of a bulk heterojunction
20 OPV device according to Example 1B.

Figure 2 shows the current density versus voltage of a bulk heterojunction
OPYV device according to Example 2B.

25 The monomers and polymers of the present invention are easy to
synthesize and exhibit several advantageous properties, like a low
bandgap, a high charge carrier mobility, a high solubility in organic
solvents, a good processability for the device manufacture process, a high
oxidative stability and a long lifetime in electronic devices. In addition, they

30 show the following advantageous properties:

i) The HOMO energy level of the poly-2,6-(9,10-dihydrobenzo[def]
carbazole) is expected to be significantly lower than in case of the poly(3-
hexylthiophene) (P3HT) which should lead to air stable polymers.

35 Furthermore, a higher open circuit potential (Vo) can be obtained in an
OPV bulk-heterojunction device versus a device containing poly(3-



25The nononers and polyners of the present invention are easy to synthesize
and exhibit several advantageous properties, like a | ow bandgap, a high
charge cawpi2eri/motscl ity, a high solubility in organic s®C¥aRes.1/0809dod
processability for the device manufacturge process, a high oxidative
stability and a long lifetine in electronic devices. In addition, they
30show the foll ow ng advant ageous properties: i) The HOMO energy | evel of

t he pol y-2, 6- (9 10- di hydr obenzo[ def] carbazole) is expected to be

significantl r tha | se of the poly(3- hexylthiophene) (P3HT)
whi ch shoul d}q?é@ﬁ??Bh @&Eﬂe pol ymers. 35Furthernore, a hi gher open
circuit potential (V.) can be obtained in an OPV bul k- heterojunction device

versus a devy; ?hg(?f'%?é Egssﬁﬁé%'%“m'g sub?ﬁtﬁﬁbﬁ@fwmrﬁéﬁ]ﬂ? Fihé¢) The R

site offersesyrru Itution o e nmononer unit I ne tuning of
the R group élﬁfabgﬁthfb tes toimpiove the gplubHily pbthaeely®esigat erial in

COMDN 50T ganigateAhVMAHommBA &bbﬁWSsdhmwtmharau@wsttﬁebﬁa@@m {oybé ehbsily on
processed. The addition

d I
promote the S&l LB'PP&WOP%S%L@]G[ a%%'i/?'&%rf H’aen 'lkgL?ra%'%? ﬁi&%‘.gr Qu(f:)g:]mahlsghl y
mcrostr ECt uicahlals® pasmotecthef materiahts exhibibestet popi-$tackingand thas. t1]‘<‘Jli“rﬁ 1t .
10 The nitr e @iounit an
[ sI Ie;&)ect ed qq}%ﬂ?"o\&gwnﬁgd}%hgggiﬁ}%%g@osr %ﬁ%o%ﬁ ngﬁdrn %?'W %@uﬁg{f/\l mat eri al ,

| eading to good charge motilities in a OFET device and power conversion

effici gy | i)t Hi% ER- at&ﬂ].hbaea&@ tﬁgf@lédt% G’énsﬁt?%lﬂlﬁ@hé Hﬂﬁta'n‘arlé" ity

onto speC|f|c p05| s on benzo[ dei car bazol e Core enab !?ﬁ t he
preparation @wpeétﬁdotpégmrave theahaigel fansporhehaviernRs iae seynerterng
copol yners. Mn § %6 YaBHTcHaRge heotiitieeima®EET e viGerapowéi cdavessionki 13 or

Stilleld coup ol at.ion nethods. By these preparative nethods, the
regi or egul ar eféﬁlg Mgavﬁ% ¥5%e hi gher structural order in the solid state

conpared to

15 iil) The addition of reactive functionality onto specific positions on the
benzo[deflcarbazole core will enable the preparation of regioregular
chemically polymerized homopolymers and copolymers. Such polymers
can be obtained using Yamamoto,'"*? Suzuki'® or Stille* coupling
polymerization methods. By these preparative methods, the regioregular

20 polymer will have higher structural order in the solid state compared to
regioirregular materials synthesized using a non-selective polymerization
method. This will lead to a polymer with higher charge carrier mobility for
application in OFET and OPV devices.

25 iv) It has been shown that the optical properties of conjugated polymers
can be modulated by the generation of a donor-acceptor copolymer
structure.'® As an electron rich unit, the 8,9-dihydrobenzo[deflcarbazole
unit is a good donor comonomer, which is ideal for such donor-acceptor
polymer structures. This can lead to low band-gap polymers for OPV

30 applications'® or green, yellow and red fluorescing polymers for OLED
applications.

The term "polymer” generally means a molecule of high relative molecular

mass, the structure of which essentially comprises the multiple repetition
35 of units derived, actually or conceptually, from molecules of low relative

molecular mass (PAC, 1996, 68, 2291). The term "oligomer" generally



regioirregular materials synthesized using a non-sel ective polynerization
nmethod. This will lead to a polynmer with higher charge carrier nobility for
appl i cat w0 20n/10k6E and OPV devi ces. 25iv) It has been PhdmP2ihadisthe
optical properties of conjugated polynmers can be nodul ated by the
generation of a donor-acceptor copolynéﬁsstructure 15 As an electron rich
unit, the 8, 9-di hydrobenzo[ def]carbazole unit is a good donor conononer,
which is ideal for such donor- acceptor pol ymer structures. This can lead to

| ow band- gap oI mers for OPV 30a cat,ionsl6, or reen w, and red
f 1 uor esci ng a}r,m ol u'%l_oéﬁ'tﬁﬂﬁgﬁ'é‘; [eiAive mrlequls rﬁqaﬁ%l%ﬁéﬁt& Eﬂiﬁer ally
means a nol eoﬂwmdmfeisegiuaﬂyek:ampnsem goall alurality ©f unite derived; actoaly onhi ch

et o ERBAAEy, i THIELIR r3eGe: i AReTnBleciMadeipACH, aCt UELLY

or concept ua es 0 ow relative ecu ar QPAC 1996,
68, 2291). Tﬂle%eﬁﬁni’lﬂ’i)gmwe@éf@@r%ﬂs@ acqerdingda e prefeiné fnveatien a

I nt er mgdi at eg{)ﬂfﬁ’ér' Méaﬁ@b&fdﬂhﬁéuﬁ@ﬁévmbw Sél’felﬂé‘rbﬁry@ gfrepeamg aRRenti al Iy

conprises a Iuralt of units deriyv act ual nce val |y,

or. C
from nol ecul 88d@n q’tﬁﬁéﬁ“err éf‘?\?ec‘?fﬁp%'ﬂﬂ’ Wt%r?aésa”PPﬁéoyR Egra 291). In a

preferred semaﬂm?q"dtsng to the present invention a 5 pol yrrer means a
conpound havi ng > preferably >. 5 repeating units, and an ol i goner
means a conpound with > 1 and < 10, preferably < 5, repeati ng units. The
terns "repeafThegermst' t’e;matingrmnt'imldl "enandnoeriagait’ meandbesonstiutional

10r epegfyi ng r&vé] it gc?ﬁbzr\whﬁhtlg'%égﬁ\lallléﬁtcd?ﬁﬂ Un?F LRPHe fgjﬂéﬂtlbhe

repetition o tes a regular macronolecu a regul ar ol i gomer
mol ecul e, a Déguhll@'r C@I‘Sit@‘kte@ra E?QMJPQPFWPEWFP%@QH'QQQI'Q‘HQGF 2291) .

The term " | eqydBsulg! 848gulaRr Blckadt R YIS chiv RPACChepees8 a29mchar ged)
15t hat becones detached froman atomin what is considered to be the

residual or main part of the nolecule taking part in a specified reaction
(see al so PAGheltef, "ldvindlgi)p" means an atom or group (charged or uncharged)

15 that becomes detached from an atom in what is considered to be the
residual or main part of the molecule taking part in a specified reaction
(see also PAC, 1994, 66, 1134).

The term "conjugated" means a compound containing mainly C atoms

20 with spz-hybridisation (or optionally also sp-hybridisation), which may also
be replaced by hetero atoms. In the simplest case this is for example a
compound with alternating C-C single and double (or triple) bonds, but
does also include compounds with units like 1,3-phenylene. "Mainly"
means in this connection that a compound with naturally (spontaneously)

25 occurring defects, which may lead to interruption of the conjugation, is still
regarded as a conjugated compound.

Unless stated otherwise, the molecular weight is given as the number
average molecular weight M, or weight average molecular weight My,

30 which is determined by gel permeation chromatography (GPC) against
polystyrene standards in eluent solvents such as tetrahydrofuran,
trichloromethane (TCM, chloroform), chlorobenzene or 1, 2, 4-trichloro-
benzene. Unless stated otherwise, trichloromethane is used as solvent.
The degree of polymerization, also referred to as total number of

35 repeating units, n, means the number average degree of polymerization
given as n = M/My, wherein M, is the number average molecular weight



The term "conjugated” neans a conpound containing mainly C atons 20wt h
sp2- hybridisation (or optionally also sp-hybridisation), which may al so be
repl aced W9 2hetasss6at ons. I n the sinplest case this i s POT/EPREANPDE4R
conpound with alternating C C single and, double (or triple) bonds, but does
al so i nclude conpounds with units |ike ¥ 3-phenyl ene. "Miinly" means in
this connection that a conmpound with naturally (spontaneously) 25occurring
defects, which may lead to interruption of the conjugation, is still

regarded as a j ugat ed compound.  Unless . t er\w s | ecul ar
wei ght is gi %ﬁm'ﬁg‘ﬁs ’HB%&@%%@QQE@ tﬁﬁlséﬁgéggﬁ%@n{'m&&j‘%& gﬁt aver age
mol ecul ar weCghtie MRolyBwhi Cheingstde&drhisicsoofModetn Metariads,iBacloar onat ogr aphy
(GPC) agai nsblé’éﬂc%wt‘yﬁﬁalne standards in eluent solvents such as
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A carbyl or hydrocarbyl group comprising a chain of 3 or more C atoms

15 may also be straight-chain, branched and/or cyclic, including spiro and/or
fused rings.

Preferred carbyl and hydrocarbyl groups include alkyl, alkoxy,
alkylcarbonyl, alkoxycarbonyl, alkylcarbonyloxy and alkoxycarbonyloxy,

20 each of which is optionally substituted and has 1 to 40, preferably 1 to 25,
very preferably 1 to 18 C atoms, furthermore optionally substituted aryl or
aryloxy having 6 to 40, preferably 6 to 25 C atoms, furthermore
alkylaryloxy, arylcarbonyl, aryloxycarbonyl, arylcarbonyloxy and
aryloxycarbonyloxy, each of which is optionally substituted and has 6 to

25 40, preferably 7 to 40 C atoms, wherein all these groups do optionally
contain one or more hetero atoms, preferably selected from N, O, S, P, Si,
Se, As, Te and Ge.

The carby! or hydrocarbyl group may be a saturated or unsaturated acyclic
30 group, or a saturated or unsaturated cyclic group. Unsaturated acyclic or
cyclic groups are preferred, especially aryl, alkenyl and alkynyl groups
(especially ethynyl). Where the C4-Cy4 carbyl or hydrocarbyl group is
acyclic, the group may be straight-chain or branched. The C4-C4o carbyl
or hydrocarbyl group includes for example: a C;-C4o alkyl group, a C4-Cyo
35 alkoxy or oxaalkyl group, a C2-C4o alkenyl group, a C,-Ca4o alkynyl group, a
C3-Cao allyl group, a C4-Cao alkyldienyl group, a C4-Cao polyenyl group, a



A carbyl or hydrocarbyl group conprising a chain of 3 or nore C atons 15nmay
al so be straight-chain, branched and/or cyclic, including spiro and/or
fused ri ny®.20Arabéss6r ed car byl and hydrocar byl groups i neCud®2@lleyiods al koxy,
al kyl car bonyl , al koxycarbonyl, al kyl car Qnyloxy and al koxycar bonyl oxy,
20each of which is optionally substitutéd and has 1 to 40, preferably 1 to
25, very preferably 1 to 18 C atons, furthernore optionally substituted
aryl or aryloxy having 6 to 40, preferably 6 to 25 C atons, furthernore

al kyl aryl oxy
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Especially preferred aryl and heteroaryl groups are phenyl in which, in

20 addition, one or more CH groups may be replaced by N, naphthalene,
thiophene, selenophene, thienothiophene, dithienothiophene, fluorene
and oxazole, all of which can be unsubstituted, mono- or polysubstituted
with L as defined above. Very preferred rings are selected from pyrrole,
preferably N-pyrrole, pyridine, preferably 2- or 3-pyridine, pyrimidine,

25 thiophene preferably 2-thiophene, selenophene, preferably 2-
selenophene, thieno[3,2-b]thiophene, thiazole, thiadiazole, oxazole and
oxadiazole, especially preferably thiophene-2-yl, 5-substituted thiophene-
2-yl or pyridine-3-yl, all of which can be unsubstituted, mono- or
polysubstituted with L as defined above.

30
An alkyl or alkoxy radical, i.e. where the terminal CH; group is replaced by
-O-, can be straight-chain or branched. It is preferably straight-chain, has
2, 3,4, 5,6, 7 or 8 carbon atoms and accordingly is preferably ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, ethoxy, propoxy, butoxy, pentoxy,

35 hexoxy, heptoxy, or octoxy, furthermore methyl, nonyl, decyl, undecyl,



15Very preferred substituents L are selected from hal ogen, nost preferably
F, or alkyl, al koxy, oxaal kyl, thioal kyl, fluoroal kyl and fl uoroal koxy with
1 to 12 Gvatoneiiesseal kenyl , al kynyl with 2 to 12 C at ompCTEPp@aioadoky
preferred aryl and heteroaryl groups are phenyl in which, in 20addition,
one or nore CH groups may be repl aced bW N, napht hal ene, thiophene,
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An oxaalkyl group, i.e. where one CH, group is replaced by -O-, is
preferably straight-chain 2-oxapropyl (=methoxymethyl), 2-
(=ethoxymethyl) or 3-oxabutyl (=2-methoxyethyl), 2-, 3-, or 4-oxapentyl, 2-,
3-, 4-, or 5-oxahexyl, 2-, 3-, 4-, 5-, or 6-oxaheptyl, 2-, 3-, 4-, 5-, 6- or 7-

25 oxaoctyl, 2-, 3-, 4-, 5-, 6-, 7- or 8-oxanonyl or 2-, 3-, 4-, 5-, 6-,7-, 8- or 9-
oxadecyl, for example.Oxaalkyl, i.e. where one CH; group is replaced by -
O-, is preferably straight-chain 2-oxapropyl! (=methoxymethyl), 2-
(=ethoxymethyl) or 3-oxabutyl (=2-methoxyethyl), 2-, 3-, or 4-oxapentyl, 2-,
3-, 4-, or 5-oxahexyl, 2-, 3-, 4-, 5-, or 6-oxaheptyl, 2-, 3-, 4-, 5-, 6- or 7-

30 oxaoctyl, 2-, 3-, 4-, 5-, 6-, 7- or 8-oxanonyl or 2-, 3-, 4-, 5-, 6-,7-, 8- or 9-
oxadecyl, for example.

in an alkyl group wherein one CH, group is replaced by -O- and one by -
CO-, these radicals are preferably neighboured. Accordingly these

35 radicals together form a carbonyloxy group -CO-O- or an oxycarbonyl
group -O-CO-. Preferably this group is straight-chain and has 2t0 6 C



An oxaal kyl group, i.e. where one CH2 group is replaced by -0-, is
preferably straight-chain 2-oxapropyl (=nethoxynethyl), 2- (=ethoxynethyl)
or 3- oxabWNOwP1(HEe86fet hoxyet hyl ), 2-, 3-, or 4-oxapentyl PCZEP2@1/00M45 or
5- oxahexyl, 2-, 3-, 4-, 5-, or 6- oxahep , 3-, 4-, 5-, 6- or 7-
250xaoctyl, 2-, 3-, 4-, 5-, 6-, 7- or 8- %xanonyl or 2-, 3-, 4-, 5-, 6-,7-,
8- or 9- oxadecyl, for exanple.Oxaal kyl, i.e. where one CH2 group is
replaced by - 0-, is preferably straight chai n 2- oxapr opyl
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3,3-bis-(methoxycarbonyl)-propyl, 4,4-bis-(methoxycarbonyl)-butyl, 5,5-bis-

20 (methoxycarbonyl)-pentyl, 6,6-bis-(methoxycarbonyl)-hexyl, 7,7-bis-
(methoxycarbonyl)-heptyl, 8,8-bis-(methoxycarbonyl)-octyl, bis-
(ethoxycarbonyl)-methyl, 2,2-bis-(ethoxycarbonyl)-ethyl, 3,3-bis-
(ethoxycarbonyl)-propyl, 4,4-bis-(ethoxycarbonyi)-butyl, 5,5-bis-
(ethoxycarbonyl)-hexyl.

25
A thioalkyl group, i.e where one CH. group is replaced by -S-, is
preferably straight-chain thiomethy! (-SCHj3), 1-thioethyl (-SCH>CHs), 1-
thiopropy! (= -SCH2CH2CHa3), 1- (thiobutyl), 1-(thiopentyl), 1-(thiohexyl), 1-
(thioheptyl), 1-(thicoctyl), 1-(thiononyl), 1-(thiodecyl), 1-(thioundecyl) or 1-

30 (thiododecyl), wherein preferably the CH, group adjacent to the sp?
hybridised vinyl carbon atom is replaced.

A fluoroalkyl group is preferably straight-chain perfluoroalkyl CiF 1,
wherein i is an integer from 1 to 15, in particular CF3, C2Fs, CsF7, CaF,
35 CsF11, CsF13, C7F15 or CgF47, very preferably CeF1a.



20( met hoxycar bonyl ) - pentyl, 6, 6-bi s- (et hoxycarbonyl)-hexyl, 7,7-bis-
(met hoxycar bonyl) - heptyl, 8, 8-bi s-(nmethoxycarbonyl)-octyl,

bi s( et hox¥yoaptsnysby- met hyl , 2, 2- bi s- (et hoxycar bonyl) - etmywmmmnummmﬁ
3, 3- bi s(et hoxycar bonyl) - propyl 4,

4-bi s; éet hoxycar bonyl ) - butyl ,
5, 5- bi s(et hoxycar bonyl) - hexyl . 25 A tHi & Fkyl group, i.e where one CH2
group is replaced by -S-, is preferably strai ght-chain thionethyl (-SCH3),
1-t hi ocethyl (-SCH2CH3), 1- thi opropyl (= -SCH2CH2CH3), 1- (thiobutyl),
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Preferred achiral branched groups are isopropyl, isobutyl (=methylpropyl),
isopentyl (=3-methylbutyl), tert. butyl, isopropoxy, 2-methyl-propoxy and 3-
20 methylbutoxy.

In another preferred embodiment of the present invention, R is selected
from primary, secondary or tertiary alkyl or alkoxy with 1 to 30 C atoms,
wherein one or more H atoms are optionally replaced by F, or aryl,

25 alkylated aryl or alkoxy aryl with 4 to 40 C atoms. Especially preferred
groups R are selected from the group consisting of the following formulae

/:\
ALK” ALK
30 @ /©\
ALK ALK/T\ALK
35



trifluoro-2-octyl and 1,1, 1-trifluoro-2-octyl oxy. Preferred achiral
branched groups are isopropyl, isobutyl (=methylpropyl), isopentyl

(=3- et hywbaowligsesert . butyl, isopropoxy, 2-nethyl-propBOXEPANA/080945
20met hyl but oxy. In another preferred en?gdinent of the present invention, R
Is selected fromprinmary, secondary or” tértiary alkyl or alkoxy with 1 to
30 C atons, wherein one or nore H atons are optionally replaced by F, or
aryl, 25al kylated aryl or al koxy aryl with 4 to 40 C atons. Especially
preferred groups R are selected fromthe group consisting of the follow ng
formulae - 14 - wherein "ALK"' denotes optionally fluorinated, preferably
| i near, al kylWhereinl"AbKy deinokesioptiorZily fhuosinateh Ipyeferally lipear, alkythor in case
of tertiary ahasx with Pi&20Y it bweftsr@b%%t&mgq@ 4 0ERiary Bfkyl Bp dashed

| i ne denot es tom orrru a ll. Especially
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protected during the process of formng the polyner. Particular preferred

pol yners of t@{ é §f&tr£|@§$(:9_{_4lq r_TH:a.CIF %5‘“@?(% denot es P- Sp.

These pol yner usetul as sem conduct “or charge
transport materi al s as they can be crosslinked via the groups P, for

exanpl qoby P RIIGERA S 1 ON Hr'or§! bidferdBly POCPEr BY.Ler processing the pol ymer

into a th| n or a seém conduct or orrponent to yield crosslinked
polymer filnms with high charge carrier nobility and high 20t hermal ,

mechani cal a'T@'neCd“&Wn@?é nidlyedlsd beysubtiRfted alhya pbiynmsHisatws bsefdctiver reactive
group P is Sglrgt%,evghlcﬁ ?stn optiérll\lal(yoprotected during the process of forming the

polymer. Particular preferred polymers of this type are those of formula |

15 wherein R' denotes P-Sp. These polymers are particularly useful as

semiconductors or charge transport materials, as they can be crosslinked

via the groups P, for example by polymerisation in situ, during or after

processing the polymer into a thin film for a semiconductor component, to

yield crosslinked polymer films with high charge carrier mobility and high

20 thermal, mechanical and chemical stability.

Preferably the polymerisable or reactive group P is selected from

O
W7
25 o :
2.7 w
CH2=CW1—CO-O—, CH2=CW1-CO-, W'HC—CH-— , O ,

O

WZQ (CH4"0O | CH,=CW2(O)1-, CW'=CH-CO-(O)s-, CW'=CH-

30 CO-NH-, CH,=CW'-CO-NH-, CH3-CH=CH-0-, (CH,=CH),CH-OCO-,
(CH,=CH-CH3),CH-0-CO-, (CH2=CH),CH-O-, (CH,=CH-CH,),N-,
(CH,=CH-CH,);N-CO-, HO-CW?W?*-, HS-CW?W>-, HW?N-, HO-CW?W*-
NH-, CH,=CH-(CO-O)1-Phe-(O)k2-, CH2=CH-(CO)s-Phe-(O)y2-, Phe-
CH=CH-, HOOC-, OCN-, and W*W°W?®Si-, with W' being H, F, CI, CN,

35 CF3, pheny! or alkyl with 1 to 5 C-atoms, in particular H, Cl or CHj, W? and
w3 being independently of each other H or alkyl with 1 to 5 C-atoms, in



CH2=CW.- 00- 0-, CH2=CWL-00-, WHC -CH - 0 w2(CH2) 10-- , CH2=CW2-(0)KkKi -,
CW=CH 00- (0) k3-, CWM=CH - 30CO NH, CH2=CW.-CO NH, CH3-CH=CH 0-,

( CH2=CH) 22200016866 CH2=CH- CH2) 2CH O- 00-, ( CH2=CH) 2CH- 0- PCTEH20TIOGCHR) 2N- ,
(CH2=CH- CH2) 2N- 00-, HO CV2WB-, HS- CVWWB;, HWN-, HO CVWWB- NH-,

CH2=CH- ( C0- 0) ki - Phe- (0) k2-, CH2=CH (CO kP -Phe- (0)k2-, PheCH=CH, HOOC-,
OCN-, and WAWWSSI -, with WL being H F, d, CN, 35CF3, phenyl or alkyl
with 1 to 5 Catons, in particular H C or CH3, W2 and WB bei ng

i ndependent | f each ot her r al kyl t o - at i - -
particul ar I-ga'%'ﬁ't’%ﬁ'? ae II’ eg‘pfflnqrpr}-&vﬂﬂy\,f\f\ba,,\J\(Z@ngg\éﬁ\;%nﬁgﬁ'lggeplgrq&ggéﬁdem ly
of each ot heof &ich ottealMybxaalkyharoxascarydryiiaiyyl witht h ta 5tG-atorasa¥\orand W .and
W8 bei ng ind . t o t - at ons,
phe bei ng. 1, B ghaigidefndidl dteath ot € pfalky| with 1o’ Eoadris, 50
5groups Las Bbeibeien dbpbenylene that igqptivpalhe sulstitwiedJunaaof "YL each ot her
0 or 1g k3 ng&Fp’sﬂ%g defined aboveni,, k4 el Kbeing indepepidehtlpof datlh 10.

Al t ti I P tect . ti f t . whi ch i -
Feact i ve undeiner o it RTEGHIEDIYIEPY e dNidss el B ddeds! Relo) 8 AR o the 10
present invention. Suitable protective groups are known to the ordinary

t and d i bed i 8. | €4 ' nanProtecti
Goups i n O BURMAGSH A8 Adroldriedblivany b IRESERS S moge 71 o
for exanpl e seadtimesirderitee sbpditiopEdesctibeéd jorghemspeess aganugingrhoihe

?&2593'4)@201 Breg%?g(\g?‘ﬁibho@‘uﬂable%t_éaﬁ'v@%rgnps SHZRASWA to thEBRIfdDy2 CH O- 00-,
B expert and described in the literature, for example in Green, "Protective
Groups in Organic Synthesis", John Wiley and Sons, New York (1981),

like for example acetals or ketals.

15 Especially preferred groups P are CH;=CH-CO-0O-, CH2=C(CHj3)-CO-O-,
CH,=CF-CO-0O-, CH;=CH-O-, (CH,=CH),CH-O-CO-, (CH,=CH),CH-O-,

O
o
W?HC —CH— and W’ (CHy)-0- , or protected derivatives
20 thereof. Further preferred groups P are selected from the group consisting

of vinyloxy, acrylate, methacrylate, fluoroacrylate, chloracrylate, oxetan
and epoxy groups, very preferably an acrylate or methacrylate group.

Polymerisation of group P can be carried out according to methods that are
25 known to the ordinary expert and described in the literature, for example in
D. J. Broer; G. Challa; G. N. Mol, Macromol. Chem, 1991, 192, 59.

The term "spacer group" is known in prior art and suitable spacer groups
Sp are known to the ordinary expert (see e.g. Pure Appl. Chem. 73(5),

30 888 (2001). The spacer group Sp is preferably of formula Sp'-X', such that
P-Sp- is P-Sp'-X'-, wherein

Sp' is alkylene with up to 30 C atoms which is unsubstituted or
mono- or polysubstituted by F, C!, Br, | or CN, it being also
35 possible for one or more non-adjacent CH; groups to be
replaced, in each case independently from one another, by -



21 \(CH2) -O WHC -CH - and w2kl , or protected derivatives 20t hereof.
Further preferred groups P are selected fromthe group consisting of

vi nyl oxy,waeenylassss net hacryl ate, fluoroacryl ate, chl oracryradie/oomet an and
epoxy groups, very preferably an acrylatge or nethacrylate group.

Pol ynmeri sation of group P can be carried”out according to nethods that are
25known to the ordinary expert and described in the literature, for exanple
in D J. Broer; G Challa; G N Ml, Mcronol. Chem 1991, 192, 59. The

term "spacer group” is.kn i PLigr  artos0nd | t S I ps Sp are
known to the ordinary Qk'p'gl?"\d@ééwgbg.'%r@ﬁ%\ﬁéﬁ" %@?ﬁ' ‘%‘?@} ' Q%(g 88
(2001). The spacer groQp, -GG, pCOF8+, abHFCQH- érodnall-anSpich)d masneh t hat
P-Sp- is P-Sp'-X -, WhRLeiM Ans o B - MR i RR-,
~CO, -000-, -000-, -oﬁ@?c?}?r“’f%.%ca"?ﬁ%e@a@f,"ﬂkéﬁzdéﬁé“ﬁ‘°.°8§%&°‘."§*'such a
manner that O and/or S atons are not linked directly to one another, is
- (c);ciaz- 5. ch% ;- %%3'2 , is--QSl0=s-,-@@PQ%%O-,C@%@,,-O-N?FOEOCO-NN%,CQRQRC-F,Zmz
- -1 - -1 - - g 01 ~ - ~ -1 N T - -1 - -1
- CH2CF2-, - CF2CF2-, E@gﬁﬁ%ﬁ NQ@'QéaH_z%g Mfé%gs:-‘- Cm Cm
- CH=CH- 000-, -000- CH:CB‘Fz@;, -QSFBPQL@F@L‘ICSCFT, -CF,CHs-, -CH,CF»-, -

CF2CF2-, -CH=N-, -N=CH-, -N=N-, -CH=CR’-, -CY'=CY?%, -

C=C-, -CH=CH-COO-, -OCO-CH=CH- or a single bond,

10
R° and R®? are independently of each other H or alkyl with 1 to 12 C-
atoms, and
Y'and Y?> are independently of each other H, F, Cl or CN.
15

X' is preferably -O-, -S-, -OCHa-, -CH;0-, -SCH>-, -CH>S-, -CF,0-, -OCF2-,
-CF,S-, -SCF2- -CH;CH2-, -CF2CH,-, -CH,CF -, -CF,CF>-, -CH=N-, -
N=CH-, -N=N-, -CH=CR"-, -CY'=CY?-, -C=C- or a single bond, in particular
-O-, -S-, -C=C-, -CY'=CY?* ora single bond. In another preferred

20 embodiment X' is a group that is able to form a conjugated system, such
as -C=C- or -CY'=CY?-, or a single bond.

Typical groups Sp' are, for example, -(CHz)p-, -(CH2CH20)q-CH2CH-, -
CH,CH,-S-CH,CHy- or -CH2CH,-NH-CH,CH,- or -(SiR°R%-0),-, with p

25 being an integer from 2 to 12, q being an integer from 1 to 3 and R and
R% having the meanings given above.

Preferred groups Sp' are ethylene, propylene, butylene, pentylene,
hexylene, heptylene, octylene, nonylene, decylene, undecylene,

30 dodecylene, octadecylene, ethyleneoxyethylene, methyleneoxybutylene,
ethylene-thioethylene, ethylene-N-methyl-iminoethylene, 1-
methylalkylene, ethenylene, propenylene and butenylene for example.

The polymers of formula | can be synthesized in a regioregular and
35 regioselective fashion via chemical polymerization. They are easy to
synthesize and exhibit several advantageous properties, like a low



R and R are independently of each other Hor alkyl with 1 to 12 C atons,
and Y1 and Y2 are independently of each other H F, d or CN. 15 X 1is

pr ef er ablwo0-2011/11686, - OCH2-, -CH20-, -SCH2-, -CH2S-, - CPRUAEP20100HD45
-CF2S-, -SCF2-, -CH2CH2-, -CF2CH2-, %gl: -CF2CF2-, -CH=N-, - N=CH,
-N=N-, -CH=CR-, -CY1=CY2-, -CC- or a singfe bond in particular -0-, -S-,
-CC, -CY1=CY2- or a single bond. In another preferred 20enmbodi nrent X' is a
group that is able to forma conjugated system such as -C-_=-C or

-CY1=Cy2-, or a singl ond ypi cal for example, -(CH2)p-,
_(CH2CH20) q b m@hﬁ %ﬁ@rﬁgg'%’ﬁg}{l@ﬂp& @Eﬂt - or
-(Si RR-0) p- sdwémspa%ﬁ pipcaessabitityfer ther denice trmnlﬁactqréapromg:sana ihigreger

f 1to3 . Pr ef d
S re ot hypRaIVEPERYI AL SRR T N T heptyl cne,

octyl ene, nonyl ene, decyl ene, undecyl ene, 30dodecyl ene, octadecyl ene,

et hyl egeoxyerr{q% "gﬁne@%fﬁﬁhﬁﬂ%olxé/@%rér&%ly ShdbeRefdiagiay! ene,

et hyl ene- N- -| m noet ene - met hyl'al kyl ene, et henyl ene, propenyl ene
and but enyl ene for exanpl e. The polyners of fornula | can be

synt hesi zed | n regi oregul ar and 35regi osel ective fashion via chem cal

pol yneri zat i oR2 A)aFEAn RD synt hesi ze and exhi bit séaeral

advant ageous properties, ke alow - 17 - bandgap, a high charge carrier

mobility, a high SO|ubI|Ity in organi c solvents, a good processability for
t he deyhce manuf acture process, a high oxidative stability and a | ong

lifetime in @HRELIRNIAr, #E\H,6€8nd y have the meanings of formula |, and

R? and R have independently of each other one of the meanings of R',
preferably halogen, or denote H, -CH,CI, -CHO, -CH=CH_, -
SIR'R"R", -SnR'R"R" -BR'R", -B(OR")(OR"), -B(OH),, or P-Sp,
wherein P and Sp are as defined in formula |, and R', R" and
R™ have independently of each other one of the meanings of RC
given in formula |, and R' and R" may also form a ring together
with the hetero atom to which they are attached.

15

20
In the polymers of formula | and their preferred subformulae, the total

number of repeating units n is preferably > 5, very preferably > 10, most
preferably 2 50, and preferably up to 500, very preferably up to 1,000,
most preferably up to 2,000, including any combination of the

05 aforementioned lower and upper limits of n.

The polymers of formula | and their preferred subformulae include
homopolymers and copolymers, like statistical or random copolymers,
alternating copolymers and block copolymers, as well as combinations
thereof. Block copolymers may for example comprise or consist of one or
more blocks formed by units of formula Il and one or more blocks formed
by units Ar, wherein Ar has one of the meanings as described above and
below.

30

35 Another aspect of the invention relates to monomers of formula lla



5The polymers of formula | are preferably selected of fornmula la R2 [ (A).
(Ar)y L R3la wherein A, Ar, m n, x and y have the neanings of formula I,
and R2 arNiOR811Mid¢8s6i ndependent |y of each ot her one of tméTﬂEaWng§4®f R1,
pref erably hal ogen, or denote H, -CH2C CHO -CH=CH2, - SSRR'R"

-ShR R'R', -BR K" -&O?MOQ)-BumigorRSQ\mamnFDwdSpmeas
defi ned |n fornula I, and R, R' and R' have independently of each ot her
one of the meani ngs of R given in formula I, and R and R' nay also forma
ring togetheébp%%$ the hetero atomto nhich they are attached. In the

pol ymers of and their prefer gd subformul ae, the total nunber of
repeating units nis preferably 5, very preferably 10, nost preferably 50,

and _pr ef er ab@ﬁ&g@nt&|559%E%1¥T§%gcﬁﬁ'ﬁﬁ§ﬂqgl% 8?roil'n 999 preferably up

to 2,000, I'on of or enment ower and upper
limts of n. suh@rrpswna;merereferredm@a@ngsaﬁdiqsra@b?d labef/elanécbeé%f 8pdul ae

I ncl udg honopgl ghﬂ@étﬁé’ﬁ%éﬂ%é;glvbhhﬁféﬁﬁila%'Ca' or random copol yners,
al ternatl ng copol yners and bl ock Topol ynmers, as well as conbinations

t hereof . Bl ock copol yners may for exanple conprise or COI’ISI st of one or
nore ‘bl ocks Eepeeiilp relferrb@axiemonmﬂeas bf faarmdilzoHa vmeremrle Bhddsarepr med by

Anot her as;“)‘;ee%eefs?atﬁ{aaw Srrthrdy of BRe e GBIt O in8o 8 RERsREAa g
f2011/ |116866PCT/ EP2001to8iage, 30-triflge, :fgzmswam ,£-nonafiats;, eStMe&ﬁ Zfa/lgfz;up of
or mu g&ie a;ﬁgdbffm idP= R Ehe" te?%%osw? £ iMerBlE7 et 4RA Meani ngs

as descrl bed "a ow, an have e neanl ngs.given in

formula | a. EejRetedhiM KieedrOupPLonsist Inscﬁfcﬁwgngfarvbreﬁﬁhéemgaommﬂlvn R2 and
R3 are, pref %hBQithé@@mﬁhﬂegﬁdwsqzz Bag sy fofim, a egdircgredpf rom the group

consi sting of , , I, O-tosylate, O-triflate, Orresylate 0- nonafl at e,
-Si Me2F, -Si I\/EFZ, - 100-S02z1, -B(0zZ2)2 , -CZ3=C(Z3)2, -CCH and -Sn(z4)3,
wher ei n Z1- 4 preferablyethe goblymers offferrguiauipordanthiesunitggotforrauleyll, amdithe vyl , each

b t f |
bel o OB NSk U Rl 188 0 R o SIS (AR AR €,
I'l, and the mmmm of anbmmmnatms theeeafel ected fromthe foI | owi ng |i st

of preferred enmbodi nents or any conbinati ons thereof:
- nis 25, preferably 210, very pretferably = 50, and < 2,000, preferably <

1,000, very preferably < 500.

20 - Mw is at least 5,000, preferably at least 8,000, very preferably at least
10,000, and up to 300,000, preferably up to 200,000, very preferably up
to 100,000,

- in all repeating units [(A)-(Ar)y] xis 1 and y is 0, forming a
homopolymer,

25 - in at least one repeating unit [(A),-(Ar),] y is different from 0, forming a

copolymer,
- in one or more, but not all, repeating units [(A)x-(Ar)y] xis 0 and y is 1,

- the polymer of formula | or la comprises one or more repeating units
30 [(A)x-(Ar)y] wherein x is 1 and y is 0 and one or more repeating units
[(A)x-(Ar),] wherein x is 0 and y is 1, forming a random copolymer,

- the polymer of formula | or 1a consists only of repeating units [(A)x-(Ar)]
wherein x is 1 and y is 1, forming an alternating copolymer,

35 - Aris an aryl or heteroaryl group which has electron donor properties,
including but not limited to aryl and heteroaryl groups selected from the



nis 5 preferably 10, very preferably 50, and 5 2,000, preferably 5 1,000,
very preferably 5 500. 20- Mvis at |east 5,000, preferably at |east 8, 000,
very prefwoabliiegesl east 10, 000, and up to 300, 000, pr @CEERRON/0M943 O

200, 000, very preferably up to 100,000,, in all repeating units
[(A),(-(Ar)y] xis 1 andy is O, form"nbga honopol yner, 25- in at |east one
repeating unit [(A)Xx-(Ar)y] y is different fromO0, formng a copolyner, in
one or nore, but not all, repeating units [(A).-(Ar)y] xis 0O and y is 1,

t he pol yner of formula

l.or la comrise ne, Qfr. [ [ ) 4,S

30[ (A) x- (Ar)y] Q%’Qrcé?’]?'%"ﬁgsdls%%'&o qne-g S50 8W8Bﬁ?$?fgfi'gﬁ/iv&§%t’ﬁ%%&am ts
[ ( iA) x- (Ar ]2 y% vmmiep?eueiasmi)dnﬂh_ignd[z,31b]tmiophem@236—pmhm+§rmmtﬁry;ﬁ&22 At ?e]

ol ymer of for r | (A, c(Ar
Rhetern x i s 1oRspriopfens®2 5, StRrBBh¥nda & BREAAMAdDS 5-aEN, oL )
aryl or heteroael?hogmm@{%bhh'qw§n@’r%5t¢ﬂnsﬂgﬁ@PhWQ{Be%P]t@@Ph?ﬂﬁ udi ng but
not ligited topary dRAzBpf zru?@,_rsytb']cﬁﬂh%m%n%ei,ec-‘d}g2tz-anrhibE_ﬁene, 49-- group
consi sting of sel enophene-2,5-di t hi ene-2,5-diy),, thieno -

b] t hi Ophe%e- 2, QLSGHHO%“PHPeaB'P'?PQﬁo?ﬂ# oﬁ}%ﬁg’?ez,% -'Hlyﬁl‘l,H'%F'é’HSB{?z%érs, 2
b] isel enﬁphe{lg- gﬁﬁfﬁﬁith}?@ﬁbﬁewew[ Z,Bdifth%ml-mwpbmoﬁ, ta?]mdyllrt]hien-z-
sel enopheno| 3, 2- i 0 - - sgl i ophene-

52, 5.di yl | ben¥'a'f Tghg, w%%%sﬁaﬁfﬁ%%%@'t%“%ﬁ%f’” W) di ¢ hi o hene, 2, 2-
di sel enophene, benzd{il E2043%;4" 5" A, 5 Bislilsld[dReb:8', B-hijthibphane ey dl-digknt af 2, 1-
b: 3,4-Bhdithio 5o d b-it-Rie % A€ thidn -Gl - t hi en- 2-
yl-fl ugpelne, | i ggggéno 2?%’%‘%?%’%#% %?:%B'ﬁﬁg{)‘%@%%?d‘?&ﬁ? I 2" I 4,5;
4", 5": 4", 51bi shenzelloRs:425:4:' 3" 4551nistsiplobderts -2 bithiophene)-2,7-diyl,
102, 7- di - t hi en22ryi-thigklacapHehadtttopt, $0)9 8licidle FofeiiBazde 7aklbf whichn- 2- yI -
are unsubstituted, or mono- or polysubstituted with R, R'orRY as
defined above and below, preferably the substituents are selected from
15 alkyl, alkoxy, thioalkyl, fluorinated alkyl and fluorinated alkoxy with 1 to

20 C atoms,

- Aris an aryl or heteroaryl group which has electron acceptor properties,
including but not limited to aryl and heteroaryl groups selected from the
group consisting of 4,7-di-thien-2-yl-benzo[2,1,3]thiadiazole, 4,7-di-
thien-2-yl-benzo[2,1,3]selenadiazole, 4,7-di-thien-2-yl-benzo[2,1,3]
oxadiazole, 4,7-di-thien-2-yl-2H-benzotriazole, 3,4-difluorothiophene-
2,5-diyl, thieno[3,4-b]pyrazine-2,5-diyl , 2,5-di-thien-2-yl-thieno[3,4-
blpyrazine, 5,8-di-thien-2-yl-quinoxaline, thieno[3,4-b]thiophene-4,6-
diyl, 4,6-di-thien-2-yl-thieno[3,4-b]thiophene, thieno[3,4-b]thiophene-
6,4-diyl, 6,4-di-thien-2-yl-thieno[3,4-b]thiophene, 3,6-di-thien-2-yl-
pyrrolo[3,4-c]pyrrole-1,4-dione, 2,5-di-thien-2-yl-[1,3]thiazolo[5,4-
d][1,3]thiazole, thieno[2,1,3]thiadiazole-2,5-diyl, 2,5-di-thien-2-yl-
thieno[2,1,3]thiadiazole, 4,9-di-thien-2-yl-2-thia-1,3,5,8-tetraaza-
cyclopenta[b]naphthalene, thieno[3,4-c]pyrrole-4,6-dione-1,3-diyl,1,3-
dithien-2-yl-thieno[3,4-c]pyrrole-4,6-dione all of which are unsubstituted,
or mono- or polysubstituted with R, R' or RY as defined above and
below, preferably the substituents are selected from alkyl, alkoxy,
thioalkyl, fluorinated alkyl and fluorinated alkoxy with 1 to 20 C atoms,

20

25

30

35 - Aris substituted by one or more groups R, R' or R’ as described above
and below,



benzo[ 1",2":4,5;4",5":41,51bi s(silolo[3,2-b:3,2"-b]thi ophene)-2,7-diyl,

2, 7-di -thien-2-yl-phenanthro[ 1, 10,9, 8-c, d, e, f,g]carbazole, all of which are
unsubst i twobed11/1068660n0- or pol ysubstituted with R Fe oPCRYPas1dedihed
above and bel ow, preferably the substituents are selected from 15al kyl,

al koxy, thioal kyl, fluorinated al kyl a0t uori nat ed al koxy with 1 to 20 C
atons, - Ar is an aryl or heteroaryl group which has el ectron acceptor
properties, including but not limted to aryl and heteroaryl groups
selected fromthe group consi st

of
3 7o di St ni et oAy AT AV Fhstaand, preforagly selected, on each
20t hi en- 2- yl - besaatehck, ideatitaltyaot mifefemtly4frarrdhhetgmepcbnyistibgmio[2 1, 3]

di azole, 4,7-d
3, 4-di Tl uor ot W5 hg%aﬁéﬁé;?éﬁ?v “HISHRERS S, Sienols 2-pitiophepe-2.5-
2, 5-di -t hi en- Zehyl ﬂnuene[ﬂn{i-:b] iopf)ene-aZ-digl, s& esw@henni%zrbisqlen@ﬁhmm i ne,

thi enog3, 4- b] t 'SOERP%%T%ogme%YiB s Brefbphbh&n; R -ddtimsptehofa bl t hi ophene,
t hi eno[ 3, 4- b] t hi ophéne-

6, 4- di - t hi en- 2bJhiopReasw 3; dAbeﬁ ﬁ%gah%rﬂng 3-blthiophene-2,5-diyl, benzof1,2-
3, 6-di -thien- ZbW iy Hﬂhl@bﬁeﬂeiﬂ exdiylop @-ditHlopthents 2, 2-diselenophene,

AP 9@9 2B 2251 Gl Skhh B DopRhe2. 1-0:3.4-
2, 5-di - t hi en- 2p\ydittiopnene216-8)W,H2, Zetidaiene2-yl-carbazole, 2,7-di-thien-2-yl-
A= dhel ickndy £l 58 R8HLG|P] napht hal ene,

t h| eno[ ,4-c]lp
30di t hi en- 2- y| benzefi P§445 4 }§y+4r 5]]@5@"91%13 Bris 352 b hiopReRe)-27ediyl

unsubstit ut ed, o7 gHEh-20f1-iIRPAEHI) DL Ble2E | ditHibp iendRR, Pidi-thieA- ﬁefl ned

b d bel I d §

2l koxy, ¢ hi ﬁaf’%n?o[ﬂ $i5 %%ﬁ' “e'ﬁﬂ@ﬁ %nﬁ»‘fﬁmﬁﬁﬁﬁﬁwgﬁ BOSVEVIML 1 Lo 20 C
2}3832’ 33 bélr OQSY autbﬁém-mmqmelmﬁnmrg[‘qnom-e cge,d@gxmrﬁhzcgé &)7- leham ﬂgfsg: ;Eled
sel ected, on eé{Eﬁ)e&@e&r ’e Péécﬁ%fe(ﬁ%i calcﬂtf]{e(ﬁrré?7 ?Q—:n?(ﬂ? ﬁﬁ?fé@faﬁ é’?%r oup d
consi sting of del-dirthiereylbehze{2i,3]oxa mﬁe‘ii &-thiepr2-yl-2H-
thienof 3, 2-b] t ?bﬁ? Booke, % 4- ﬁifﬂgroﬁkﬂéﬁ%bzz 3:diit tHiomd|8 b byralhyl2,5-

sel enophenol 3, se enophe
sel enopheno| 2, iy} 2ed- éhﬁbﬁéﬂe\dih@n&ﬁﬁf" bl%ﬂ%ﬁ@pﬁ&@[@“@' -yl-
b] t hi ophene- 2, umdfdannéethw angRioghéhé-ai @ aIyeE6 Ai-thighyd-yI-thesrods 4. 2-

b: 4, 5- t hi th | h

di thi el 3, 2 E%Qtﬁloyhea\ﬁsﬂw thotsl §ltﬁi<§ﬂh' LR S e

lﬂ)?: t hi ophene 2hiendj3y4-b]thiophdinet BiGdi-thign-2ediplyarntn|8,4-Epyrrdie-1, I4+da|r2mé4yl5
uor ene,

4 54 B11bi ?@Pﬁf é’[‘%”? 3 ﬁfﬂ%ﬂi fﬁﬂﬂ?rrﬁm%%}éj}“ﬁ”°??%%

2, 7-di - t hi en- Zwaznlelﬂa@é%[lﬂilﬁhlsn -YB‘]’\!?QQi?dpﬂé’HédlaZme 4,9-di-thien-2-

2, 7-di -thi en-2- be%[éZ?’b% 8aeirdaza- cEcloPenta[b]naphthalene thleno[3 4-

‘2‘, S S p oM i e - AtE R oy A ERpEiS Sy role A ¢ hi en- 2-

dione , all of which are unsubstituted, or mono- or polysubstituted with
R, R' or R as defined above and below, preferably the substituents are
selected from alkyl, alkoxy, thioalkyl, fluorinated alkyl and fluorinated
alkoxy with 1 to 20 C atoms,

30 | RisH,

- R'isH,
- Riis primary alkyl or alkoxy with 1 to 30 C atoms, secondary alkyl or
alkoxy with 3 to 30 C atoms, or tertiary alkyl or alkoxy with 4 to 30 C

35 atoms, wherein in all these groups one or more H atoms are optionally
replaced by F,



15yl - benzo[ 2, 1, 3]t hi adi azol e, 4,7-di-thien-2-yl-benzo[ 2, 1, 3] sel enadi azol e,
4,7-di -thien-2-yl-benzo[ 2, 1, 3loxadi azol e,

4, 7-di -t wenef/midse@Hbenzot ri azol e, 3, 4-di fl uor ot hi ophenecz/Ep2aitphgo4s

t hi eno[ 3, 4- b] pyrazine-2,5- diyl, 2,5-di; ihlen 2-yl -thieno[ 3, 4- b] pyrazi ne,

5, 8-di -t hi en- 2- quU|noxaI|ne thleno[B'% b] t hi ophene- 4, 6-di yl,
4,6-di-thien-2-yl-thieno[3,4- 20b]thi ophene,

t hi eno[ 3, 4-b] t hi ophene-6, 4-diyl, 6,4-di-thien-2-yl- thieno[3, 4-b]thiophene,

3, 6-di - t hi en- 2-yl 1 ,

2, 5- di -t hi e 2R illié %@M%&%P&ﬁ]@ﬁ r"%‘ioﬁy%féjwnhgggﬁgCatoms,

th 2,1, 3]t gi.adj -

2, geg:)!t hi en] 2 ? {:’?Pzen’o ib yyh &4 eveﬁ/ Rreferably, CO;( or -CO-O-
y1l-2-thia-1, 3, R} 8~heteira aseyalg(b\p@ham[ branghedhen eyelc alityl with[ 1310430 C
asclpyrro e-4. Qgﬁghsoriﬁmaa @hléjorjmér@héﬁ"a@\[!ac%anétBhﬁ%%&rdh;Mgrr0| e- 4, 6-

di one al | Ch are_unsu nono- ot ed wi th R,

RL or RY as defenieeehByv@-ast: 5ePowC st 4Py PhéOS bs:ﬁ aFe

sel ected from @Lbllandahkﬁmth dniai erahlsye H étbu@rar@ad;ﬁ@nallyyéplawb bywrri nat ed
al koxy with 1

0 c R I kyl or
al koxy with 1 fL-:g % ' g’@rﬂf Ryg'écﬁfﬁo%rshftﬁfq@%’]] Qﬁvmg 2 t° 30 aéq)rgg}@a th 3to
30 C atons, oryhsubstantedadksubstitutat lbyxgnenot imofe nonpoadibarouss Riasrein in

all these grou H atons are optionally replaced by F, - 21 -
Ris a I a|k§§£\‘§)€‘§ af°§ c‘§ 'al koxy aryl with 4 to 40 C atons, RIS-CO-R

-00-0-R, -
strai ght - chal n, E’ ?y&l %tﬁr?? gﬁ)(%%oj% ﬁ’él Fp:f Cwﬂfhell © f?l(dwfn ch one
or nore non- adPK&@ﬁtS®°@ﬂé‘ﬁéa§N5WBBt3i ton#d Cyatemse pr é&!’@a%@ Y'O""’t -CO-,

-00-0-, -0-00- go-®atsms; whe@ﬂ?rﬂ?allﬂliese §relps dmé drmwvlke Hhatons are rmre H
atons are optionall ™ re ac<§£ Br, I or CN, or RY is aryl or
het er oar yl havpﬁg ?Y) that is unsubstituted or substituted by

one or 4igpre Nogyal 9('@-52)0- CHRURE et delipngdai 8 4 8F gybé’rylpreferably 0,
1 or 2, and R®, R and R® are independently of each other C4-Cyz-alkyl,
very preferably C4-Cg-alkyl, which is optionally substituted by one or
more F atoms, and wherein optionally one of R?, R® and R is H,

- RYis aryl or alkylated aryl with 4 to 30 C atoms,
20

- R*is alky! with 1to 15 C atoms,
- Rand R', when being a substituent on the group Ar, is alkyl, alkoxy,
thioalkyl or fluorinated alkyl or alkoxy with 1 to 20 C atoms,

- R®and R® are selected from H or C1-Cqo-alkyl,
25
- R?and R® are selected from H, halogen, -CH,Cl, -CHO, -CH=CH, -

SiR'R"R", -SnR'R"R" -BR'R", -B(OR')(OR"), -B(OH),, P-Sp, C1-C20-
alkyl, C4-Cgo-alkoxy, C,-Cyo-alkenyl, C1-Cao-fluoroalkyl and optionally
substituted aryl or heteroaryl,

30 - R?and R® are, preferably independently of each other, selected from
the group consisting of Cl, Br, 1, O-tosylate, O-triflate, O-mesylate, O-
nonaflate, -SiMeF, -SiMeF,, -0-S0,Z", -B(0Z%); , -CZ*=C(Z%),, -C=CH
and -Sn(Z*)s, wherein Z'™* are selected from the group consisting of
alkyl and aryl, each being optionally substituted, and two groups Vi may

35 also form a cyclic group, very preferably from Br,

- Ris P-Sp-.



10 RY is primary alkyl with 1 to 30 C atons, very preferably wwth 1 to 15
C atons, secondary alkyl with 3 to 30 C atons, or tertiary alkyl with 4 to
30 C at o 20d1erneson i n all these groups one or nore H aPOoWEPasig/oopus onal |y
replaced by F, 15- RY is -(CH2)O0- CRaRbé wherein ois 0, 1, 2, 3, 4 or 5,
very pref erably 0, 1 or 2, and Ra Ad Rc are i ndependent|y of each

ot her Cl-Cl12-al kyl, very preferably Cl- C8-al kyl, which is optionally
substituted by one or nore F atons, and wherein optionally one of Ra, RI)
and Rc is H RYis aryl or alkylated aryl with 4 to 30 C atons, 20 IR is
alkyl with 1 to 15 C atons, R and R1, when being a substituent on the
group Ar, isTB,éKmht A@td@b?atﬁdmykﬁd baoycfit ooor palyeycli grpupowhidhkoxy with 1

Lo 2 e S Bieiatid) Ea e B LA e ol rpyPan®2 and R

_SnITR'R'", ec@RpHse twB(aIRNPerngs thasamsifesedhamgor two opoaeRyings that

C, - C20gal k I
substi tﬁt egxar y?g ﬁ‘e’gﬁ Hlyeé;)ﬂngl&ér Geffe Wooq{hgﬁenﬁqﬁgﬁg#g:{zﬁc?gg%endent |y

d
of each ot hebicyskg eetﬂmlw&ﬁﬂr@@a{baﬁer@n@mﬁ@e rppre YPosyl at e,

O-triflate, gréféﬁéﬂl welected froraN| &t @nd OSiaMa2ire préieh&ihly seldbt&®ioln - B( OZ2) 2
, -CZ3=C(24) and - Hggg} greln Z1-4 are selected fromthe group
consi sting oPr%ﬂ‘ﬂS}‘F OLAE'E!! 9oma ANY%;i ng optionally substituted, and two
groups Z2 may 35also forma cyclic group, very preferably fromBr, Ris

P G oo aErtld efbobffeRPARIRIRRF KrfudIPY Sl L € Of of pol yoyel i c

group, which y consi sts aromatic rings. A bicyclic or
pol ycyclic group can conprise two or nore rings that are fused and/or two

or nore ringsath/B.-Ar- I}

wherein
15
Ar', AP are independently of each other selected from the group
consisting of the following formulae and their mirror images

Ra Rb Ra Rb Ra Rb Ra
S , Se ’ @) ’ S

25

S Rd S Rc

and one of Ar' and Ar* may also be a single bond,

30

Ar® is selected from the group consisting of thieno[3,2-b]thiophene-

2,5-diyl, thieno[2,3-b]thiophene-2,5-diyl, selenopheno[3,2-
bjselenophene-2,5-diyl, selenopheno[2,3-b]selenophene-2,5-diyl,
selenopheno[3,2-b]thiophene-2,5-diyl, selenopheno(2,3-

35 bjthiophene-2,5-diyl, benzo[1,2-b:4,5-b'dithiophene-2,6-diyl,
dithieno[3,2-b:2’,3'-d]silole-5,5-diyl, 4H-cyclopenta[2,1-b:3,4-



5are connected by a single or double bond. The rings in these nonocyclic,
bi cyclic and polycyclic groups can also contain one or nore hetero atons,
preferablwoelieatssd from N, S and 0, and are preferablyprselrrediadodondpm
aromatic or heteroaromatic rings. 10In preferred enbodinent Ar is a unit

of formula Il -Arl-Ar3-Ar2-111 whereinh ;&r‘l Ar2 are independently of each
ot her selected fromthe group consisting of the follow ng fornul ae and
their mrror inmages |, ~and one of Arl and Ar2 may al so be a single bond,

25Ty e 2PAOH Al AR BT BH 08 ol iR Prere
b] sel enophene- 2, 5- mosdcene[ﬂ Emmﬁeh'mlmlcﬂahdrfee?. Frdiphene- 2, 5-di yl ,
Selcrophenol 3. 2- b1 {0 oBTE 8 2l o8RRIy S jophene) 2.7
di t hi eno[ 3, 2-b: 2, diyl, dpdawm{ia Br‘h(ﬁﬂ}al]dithlﬂpbw*ﬁﬂpgﬁ!%[ 2,1-b: 3, 4-

5 phenanthro[1,10,9,8-c,d,e,f,g]carbazole-2,7-diyl,

' benzo[2,1,3]thiadiazole-4,7-diyl, benzo[2,1,3]selenadiazole-4,7-
diyl, benzo[2,1,3]oxadiazole-4,7-diyl, 2H-benzotriazole-4,7-diyl,
thieno[3,4-b]pyrazine-2,5-diyl, quinoxaline-5,8-diyl, thieno[3,4-
bjthiophene-4,6-diyl, thieno[3,4-b]thiophene-6,4-diyl, pyrrolo[3,4-

10 c]pyrrole-1,4-dione-3,6-diyl, [1,3]thiazolo[5,4-d][1,3]thiazole-2,5-
diyl, thieno[2,1,3]thiadiazole-2,5-diyl, 2-thia-1,3,5,8-tetraaza-
cyclopenta[b]naphthalene-4,9-diyl, thieno[3,4-c]pyrrole-4,6-dione-
1,3-diyl, all of which are unsubstituted, or mono- or polysubstituted
with R, R' or R as defined above and below, preferably the

15 substituents are selected from alkyl, alkoxy, thioalkyl, fluorinated
alkyl and fluorinated alkoxy with 1 to 20 C atoms,

R4 have one of the meanings given for R in formula | or as described

above and below, preferably the substituents being different from
20 H are selected from alkyl, alkoxy, thioalkyl, fluorinated alkyl and

fluorinated alkoxy with 1 to 20 C atoms, further preferably R* and

R? have the same meaning and/or R® and R°® have the same

meaning, very preferably R* and R? denote H and R° and R® are

different from H, further preferably R° and R® denote H and R* and
25 R? are different from H.

Ar' and AP can be identical or different. Preferably Ar' and A have the

same meaning, or Ar’ is the mirror image of Ar? (for example Ar'
b b a

R} R R R
U 5 &
is S and AP is S ).

In a preferred embodiment one of Ar' and A% is a single bond. In another

35 preferred embodiment both Ar' and Ar? are different from a single bond.

The unit of formula Il is preferably selected of formula llla



- 23 - Dbl dithiophene-2,6-diyl, carbazole-2,7-diyl, fluorene-2,7-diyl,

i ndaceno[ 1, 2- b: 5, 6- bl di t hi ophene-2, 7-diyl, benzo[1l",2":4,5;

4" | 5" : 41, 8P0s(Ls866] o] 3, 2-b: 3", 2' - bl t hi ophene) - 2, 7- di yIPCT/EP2011/000945

i ndaceno[ 1, 2- b: 5, 6- bl di t hi ophene- 2, 7-di yl ,

5phenant hro[ 1, 10, 9, 8-c, d, e, f, g] carbazdl€*2, 7-di yl ,

benzo[ 2,1, 3]t hi adi azol e-4, 7-diyl , benzo[ 2, 1, 3] sel enadi azol e-4, 7- diyl,
benzo[ 2, 1, 3] oxadi azol e-4, 7-diyl, 2H benzotri azol e-4, 7-di yl,

t hi eno[ 3, 4- b] pyrazi ne-2,5-diyl, quinoxaline-5,8-diyl, thieno[3,4-

b] t hi ophene-4, 6-diyl, thieno[3, 4-Q]thiophene-6,4-diyl, pyrrolo[3, 4-

10c] pyrrol e-1, 4-di one- 3, Rui yI , ,3]thiazolo[5,4-d][1, 3]thiazol e-2, 5-

diyl, thieno[2,1, 3]thiadiaz , 5-di yl,

2-thia-1, 3,5, 8-tetraazacycl a[ b] napht hal ene- 4, 9-di yl ,

t hi eno[ 3, 4-c] pyrrolg! 4, 65di iyl, all of which are unsubatituted, or
mono- Qr pol ysu 1tu Aﬁﬁth , RL or RY as defined above and bel ow,
preferably the 15\bb ituents are selected from al kyl, al koxy, thioalkyl,
fluorinated al kyl /and\f | uorinated alkoxy with 1 to 20 C atons, Ra-dhave one
of the nmeaningsRyiven ROr Rl in formula | or as described above and bel ow,
preferably the substituents being different from 20H are selected from

al kyl, al koxy, thioal kyl, fluorinated al kyl and fluorinated al koxy with 1
to 20 C at onayhdrelr AET R RPeR&bhy Rizareras defireavie fohmulsdiieandadi X§ and/ or Rb

d h i d
ond Ro102eC heRaRIMHePERieny of Soh Bnel Of by SECpRACTB, AERXTatl 300 B D
and 25Rd ar ehdvé the samefmeaning and venydreferablyrdenote &enti cal or different.

Preferably Arl and Ar2 have the sane neaning, or Arl is the mrror inmage of

Ar2 (for exanple Arl RRbRa Rb .
( m)a preferred embodiment Ar is a unit of formula llla, wherein X" and X2

are S or Se, very preferably S, R3-R% are H, and Ar® is selected from

15 benzo[2,1,3]thiadiazole-4,7-diyl, benzo[2,1,3]selenadiazole-4,7-diyl,
benzo[2,1,3]Joxadiazole-4,7-diyl or 2H-benzotriazole-4,7-diyl, very
preferably benzo[2,1,3]thiadiazole-4,7-diyl, all of which are unsubstituted
or substituted with one or two groups selected from alkyl, alkoxy, thioalkyl,
fluorinated alkyl and fluorinated alkoxy with 1 to 20 C atoms.

20

The polymers of the present invention can be synthesized according to or
in analogy to methods that are known to the skilled person and are
described in the literature. Other methods of preparation can be taken
from the examples. For example, they can be suitably prepared by aryl-

25 aryl coupling reactions, such as Yamamoto coupling, Suzuki coupling,
Stille coupling, Sonogashira coupling, Heck coupling or Buchwald
coupling. Suzuki coupling and Yamamoto coupling are especially
preferred.

30 The monomers which are polymerised to form the repeat units of the
polymers can be prepared according to methods which are known to the
person skilled in the art.

Preferably the polymers are prepared from monomers of formula la or its
35 preferred embodiments as described above and below.



In a preferred enbodi nent one of Arl and Ar2 is a single bond. In another
35preferred enbodi nent both Arl and Ar2 are different froma single

The unit wod 2bowiredesa |1 |

wherein Ar3, Ra, Rb, Rc and Rd are as df%i ned in formula 111, and X

10denot e i ndependently of each other G,

“or Se, preferably both X1

have the sane neani ng and very preferably denote S. In a preferred
enbodiment Ar is a unit of formula Illa, wherein X1 and X2 are S or

very prefer
15benzo[ 2, 1,

is sel

benzo[ 2, 1, 3] exaslingzanes oA nibretiigénticat B diferentrmanomeric, unitdiofformiglay or
preferably b@%ﬁ&)ﬂhﬁ{é’o@%ﬁh@ig'IQW&?éécﬂbﬂ"éfla’nd?r:cwiﬂ'f oﬁ?'l?ﬂf'n@r'ée unsubsti tut ed

or substitut

one or two groups selected from al koxy,

bond.

is preferably sel ected of fornulpaT/HP@1/000928 -

, X2

and X2

Se,

“Bdnesacase; o e hiedfeh (aplsests STaEPalhd Mooy mes by, i 1

thi oal kyl , ftomphaaess inpBAlYARESAtiQbIgackipBdP@faaRl Wiahanlesyl2o” C at ons.
20 Thegpol yng&% fdaetigresent invention can be synthesized according to or
t

in anal ogy to
described in the literature. O her nethods of preparation can be taken from

ods that are known to the skilled person and are

t he exanpl esgyftablecaridpteferred @pnuaorerssaretthose optreplarmdlaby aryl - 25aryl
coupling reactions, such as Yamanoto coupling, Suzuki coupling, Stille
coupl i ng,

coupl i ng andRY:

whi ch qge
prepar e

art.

15

20

25

30

35

wherein Ar, R® and R” are as defined above.

Preferred methods for polymerisation are those leading to C-C-coupling or
C-N-coupling, like Suzuki polymerisation, as described for example in WO
00/53656, Yamamoto polymerisation, as described in for example in T.
Yamamoto et al., Progress in Polymer Science 1993, 17, 1163-1205 or in
WO 2004/022626 A1, and Stille coupling. For example, when synthesizing
a linear polymer by Yamamoto polymerisation, monomers as described
above having two reactive halide groups R’ and R*is preferably used.
When synthesizing a linear polymer by Suzuki polymerisation, preferably a
monomer as described above is used wherein at least one reactive group
R? or R® is a boronic acid or boronic acid derivative group.

Suzuki polymerisation may be used to prepare homopolymers as well as
statistical, alternating and block random copolymers. Statistical or block
copolymers can be prepared for example from the above monomers of
formula la wherein one of the reactive groups R?and R%is halogen and
the other reactive group is a boronic acid or boronic acid derivative group.
The synthesis of statistical, alternating and block copolymers is described
in detail for example in WO 03/048225 A2 or WO 2005/014688 A2.

Suzuki polymerisation employs a Pd(0) complex or a Pd(ll) salt. Preferred
Pd(0) complexes are those bearing at least one phosphine ligand such as
Pd(Ph3P)4. Another preferred phosphine ligand is tris(ortho-
tolyl)phosphine, i.e. Pd(o-Tol)s. Preferred Pd(ll) salts include palladium
acetate, i.e. Pd(OAc),. Suzuki polymerisation is performed in the presence

Songgashjra coupling, Heck coupling or Buchwal d coupling. Suzuk
to coupling are especially preferred. 30The nononers
polynmerised to formthe repeat units of the polynmers can be
according to nethods which are known to the person skilled in the



- 25 - Another aspect of the invention is a process for preparing a polyner

by coupling one or nore identical or different nononeric units of formula I

or nmonomewe 20f1/fieserul a |a with each ot her and/ or w th ORETHEP2MDN0945

conononers in a polymnerisation reaction, preferably in an aryl-aryl

5coupling reaction. Suitable and pref e'r?@d conononers are those of the

formula R2-Ar-R3 10 wherein Ar, R2 and R3 are as defined above. Preferred

nmet hods for polynerisation are those leading to C C—coupl ing or

C- N-coupl i ng, IlkeSzukl risati,on, .as escrl exa le in WO

T5001 S3656. AARBEIoh PG SAPIUS Col BT B R UM PIeTPRRIE AEPE n T

Yamanmot o et giganid’bage eacsh ias tébbgﬂtyiarﬁmoenmcé&ﬁ&at&?Yarhﬁaﬁ@tQZOS or in WO

2004/ 022626 AI and X nt hesi zing a

| i near pol yrr@?Iy ﬁéhoetrﬁ'plgg I sa‘%:rﬂéle§ %&%@@%@im bed above

havi ng two re;acdowtedlwiyi)d‘ecﬁﬁﬁps R2 and R3 is preferably used. 20 Wen

synthesgi zing a linear polymer by Suzuki polynerisation, preferably a

nononer as descri bed above is used erein at |east .one reacttﬁée %lioup R2

or R3 is a bAs@tesnalives torhalagens 8s JeseriRrd AbaYs.Jeayng groursg,oligrmula

ggl ymeri sati lQD-S@yfbeaﬁfiﬁduﬁéd whepau;@ hio BB RiisyribeS absvere Particular |
statistica ock ran Qp tical or

bl ock copol yRER@P Cﬁ@BXW&QVPHPS&%ﬁ%ﬁyééﬁg}%\égﬁég%@\t}gﬁé}%homrS of

formula | a wherein one of the reactive groups R2 and R3 is hal ogen and the

other pgacti E%BEégygtshﬁ?giebﬁoog &l g eg%({ﬂ% Cbe’tthleﬂleé‘éhde group.

The syntheS| terna an cop ynmers 1s descri bed
30i n detail fonamensofdormulad Gsﬂdlﬁmﬂgt 'f@P"\ﬁD vohirrsf.  suzuki

pol ymeri sat & EENE Efgmhsﬁét@hﬁ%h@"s ﬁthBQ(s'édweﬁ@ééshd?ﬁﬁf erred Pd(0)
conpl exes are se b&?‘@ gd,g f. Oéle ho P Lne | i gand such as
a( Phap) 4. - ARGAIBAEE dNEre B (B8 BRTIRG m&;ﬁ WAL i s(ort ho-
35t ol ylI') phosphine, i.e. Pd(o-Tol)4. Preferred Pd(l1) salts include
pal | ad|1L5m The generic synthesis of the 9,10-dihydrobenzo[def] carbazole monomer
with solubilizing groups and reactive bromo or boronic acid or boronic acid
ester groups in 2- and 6-position is exemplarily illustrated in Scheme 1.

Scheme 1:

20
. Nitration .
Br—— Br
25 Arylatlon
Reductive
nng closure O AIkyIatlon O O
Br

30

RLi
Boron source
Pd(0) / Base

Boron source

35



acetate, i.e. Pd(OAc)2. Suzuki polynerisation is performed in the presence
- 26 - of a base, for exanple sodium carbonate, potassi um phosphate or an
or gani ¢ D&Oa0BlidhBoas t et raet hyl anmoni um car bonat e. YamaReTEPROIPHPAS sat i on
enpl oys a N (0) conplex, for exanple bi é 1,5- cycl ooctadi enyl) nickel (0).

As alternatives to hal ogens as descri beéi/above, |eaving groups of fornula
-0-S02Z1 can be used wherein Z1 is as described above. Particul ar exanpl es
of such | eaving groups are tosylate, nesylate and triflate. 10Especi ally

Tormila 1 akheyanasRiol s B orahoiabRazel sn it s B sAiad Bina | a,
are illustrafeeh hitraitlba afthe [eEidibreaie aHo- dlhpd@phenanﬂménelfollowm BYa Ris as
defined in for 'Vﬁnr r}glégﬁré’ree%%bﬁ a%nénﬁ‘ér’ §n qf kg Jt'%ngo lcﬁyg'tl ydrobenzo[ det]

carbazol e moF¥ ubi 117z1n or boronic
aci d or bor oreactianitd iesorporatedhpso u’pllzangigcptep g ﬁﬁ&i@ 9s exenplarily
illustkated %

5 &ﬁf%?fzold%azo fREA1BEBOIE: units-aré prepdred r%ﬁfﬂl ord Soile titHum

89d|hydrobe e units hs carne@ romnltratloq: of the
2, 7- di br ono- balngem exNeHIRIRARtIAT OhR2TRFIHBLERIalS E?arcéle[]d'f' PIRSENRL'A osur e
reaction andb@kém%ur@@ tal dbthint therdqublébytdiic acidreasstéofunttionalizedpor at e t he
sol ubilizing group. The final 8,9- 5di hydrobenzo[det]carbazole units are

pr epar ed rea@?‘?cﬁ“‘gi a doubl e I'ithium hal ogen exchange reaction or palladium
catal yst reaction in presence of a boron sour ce to obtain the double

bor oni qaci d 4@k \;? Sierd B4 bl ﬁ‘?ﬁecpb Bus %Péf rﬂ@ﬂaﬂi’&faﬁalﬁi‘é‘d be

synt hesized by {'0GS organo 1162 € y3ze eagtions suc
Yamanot o, 11, 1eactipnskguch ag smam@tm co§HFP|ﬁg orridlen ofPWRINGTENe ar e

pref Ier abl y,Th Spdly rﬁéFsl e m@fyr,abw Ul est éﬁ@lusisewgsyrﬁﬁagﬁée UBingSuz uki .
cou I n e Co I ar e
usi er])g ngukl %PP¥9 ar g‘HEH?‘ ‘f?élp"ag aiQ%ﬁBpa\g/meS;s are preuftsarab‘?y,ybut%o?p

exclusively, prepared using Suzuki or Stille coupling. as exemplarily

15 illustrated in Schemes 2 and 3.
Scheme 2:
o~ )=\ o ()
O O
N "N
R R
Pd° source
- Syt
Base n
Solvent T
R
30
. Ni(COD),
DMF \L_< /AL

| |
35 R R



15illustrated in Schenmes 2 and 3. Schene 2: WO
2011/ 116866PCT/ EP2011/ 000945 - 28 - Schene 3: 25More specifically, the
2, 6-functWOrnalvi16$68, 9- di hydr obenzo[ def ] car bazol e uni t s PEAEPRE 199 hesi zed
in four steps from 2, 7-di bronp-9, 10- di %dr ophenant hrene, as shown in
Schenme 4 (wherein RT neans room tenperattre). 30Schene 4: - 29 - The
2, 7-di brono- 9, 10- di hydr ophenanthrene is first nitrated with Cu(NG3). 2. 5H20
in a mxture of dichloronethane, acetic acid and 15trifluoacetic acid. The
resul ting prgduct if- reacted with the

Scheme 3:

Pd° source
Ligand
—_—— Ar—}-—*
or Base O O n
Solvent T
() o0 :
10 Br O O Br + o/B—Ar‘B\O
N
I
R
. Pdo source .
Ligand
Br+ R;Sn—Ar—SnR, ———— « Ar *
15 Br O O Solvent O O _)"_
'r 'r
R R
Ni(COD),
e
Br Q Br+ Br—Ar—Br ey * ” Ar—]y—*
T Cosolvent T
R R

25 More specifically, the 2,6-functionalized 8,9-dihydrobenzo[def]carbazole
units can be synthesized in four steps from 2,7-dibromo-9,10-
dihydrophenanthrene, as shown in Scheme 4 (wherein RT means room
temperature).

30 Scheme 4:

Cu(NO,),*2.5H,0
* CF,COOH
Br
DCM
Ac,O

RT, 24h

35



tri phenyl phosphi ne in o-di chl orobenzene to obtain the 2, 6-di brono-8, 9-

di hydrobenzo[ det] carbazole. This product is al kylated using either the
corresporiPrglIAlk8sb p-t ol uenesul fonat e or bronopal kane aRET{ER2H110p®45 | nal
product is synthesized via a double lithium hal ogen exchange foll ow ng by
20t he addition of the 2-isopropoxy-4,4; g,95-tet ramet hyl- 1, 3, 2- di oxabor ol ane.
Copol ynmers can be prepared using a Suzuki coupling polynerization as
exenplarily illustrated in Schemes 5 and 6 (for the cases where Ris 1-
octyl -nonyl or octyl). Alternatively the corresponding di nmo nononer of
25t he 8, 9-di hy%rgbenzo[d @ ol e aRPTshdaQibr r espondix xabor ol an
nmonomer of t he "BI'st hi en di ' N s e S j

3 above. Schengpég %0 WO/ \ 8EEP ERZ lJlll 000925

novel met hodsrefifix, prepari ng nEroners anﬁ%ﬁéyﬁ%xs“ s descrigéd above and
bel ow are anot her aspect of tthe invention. The pol yners according to the
present i nvention can also be used in polymer blends, for exanple together

wi th other po Os having charge- 30transport, sem conducting,
electrically To dugEH—og, phot oconducting and/or light emtting
sem conductin oper t or for exanpl f

e as gnterlayers or charge
pect t he i nvention
ep s 35according to

wt h pol yners having hol e
f

relates to a polyner blend ¢ iS1n

the pr qgent i nventtH/m and oné or nore fu
N N
-78 °C, 1H ,

bl ocki ng or el ectrgp; M ocki ng _prgper
bl ocking | ayers in OLED devi% “Bhug

The 2,7-dibromo-9,10-dihydrophenanthrene is first nitrated with

Cu(NQ3) 2.5H,0 in a mixture of dichloromethane, acetic acid and
trifluoacetic acid. The resulting product is reacted with the
triphenylphosphine in o-dichlorobenzene to obtain the 2,6-dibromo-8,9-
dihydrobenzo[deflcarbazole. This product is alkylated using either the
corresponding alkyl p-toluenesulfonate or bromoalkane and then the final
product is synthesized via a double lithium halogen exchange following by
the addition of the 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane.

15

20

Copolymers can be prepared using a Suzuki coupling polymerization as
exemplarily illustrated in Schemes 5 and 6 (for the cases where R is 1-
octyl-nonyl or octyl). Alternatively the corresponding dibromo monomer of
the 8,9-dihydrobenzo[deflcarbazole and the corresponding dioxaborolan
monomer of the bisthienyl-benzothiadiazole can be used, as shown in
Scheme 3 above.

25

Scheme 5:
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8 17 8 17

30



havi ng one or nore of the above-nentioned properties. These blends can -
31 - be prepared by conventional nethods that are described in prior art
and knowwPa0t1hidesski | | ed person. Typically the pol yner s PETEPROIONMI t h each
ot her or dissolved in suitable solventzyﬁnd t he sol uti ons combi ned.

5Anot her aspect of the invention relate3Yto a fornulation conprising one or
nore polymers or pol nyer blends as descri bed above and bel ow and one or
nore organi ¢ solvents. Preferred solvents are aliphatic hydrocarbons,

chl ori nated hydrocarbons, 10aromatic hydrocarbons, Kk , ethers and

m xtures thereof. Additional solvents mhlch§c= +ncl ude
1,2,4-trinmethyl benzene, 1,2,3,4- tetranmet hyy b? .S pentyl benzene,

nmesi tyl ene, cunég cynmene, c et hyl benzene, tetralin,
decalin, 2 6-108Bfme, 2-fl ar @- 0- Xyl ene,

2- chIorobenzotrPTPUDrld-  152- chl or o- 6f | uor ot ol uene,

2- quo5oan|SOT"—_5ﬁTSOTe X Nazl ne, 4- fluoroanisole,

3- quoroanlso%églﬁ} rifluoro-ne ani sol e, 2-nmethyl ani sol e, phenet ol

4- et hyl ansi o 3 wbthylanls?LE£ 4-f | uoro- 3- net hyl ani sol e, 2-

fl uorobenzonitrile, 4-fluo , 2,6-di net hyl ani sol e, 3-

fl uorobenzonitrile, 2,5-di 'hyl ar¢' bl e, 2, 4-di net hyl ani sol e, benzonitrile,
203, 5-di et hyl ani sol e, N, N-di nethyl aniline, ethyl benzoate, 1-fluoro-3,5-
di met hoxybenzene, 1-nethyl napht hal ene, N-nethyl pyrrolidinone, 3-

f 1 uor obgnzot -de, benzotrifluoride, benzotrifluoride, diosane,
trifluoronmethoxybenzene, 4-fluorobenzotrifluoride, 3-fluoropyridine,

t ol uene, 2-fluorotoluene, 2-fluorobenzotrifluoride, 38fluorotol uene, 4-

25i sopr opyl bi phenyl, phe 3
di f1 uor ot ol ueng; " "a-ch
chl orof  uoro \ &
4- chl or of | uor gberene, obenzene; odi ch] orolgenzepe Br
2- chl o @f | uor obenzene, p-xyl ene, m xyl ene, 0- xyhp@%ﬂn Xwiaxture of o-, m,
and p-i'soners. Solvents mn@ﬁtﬁelatlvely Iom1po|af fy are deMlerally
preferred. For inkjet printing solvents with high boili g tenperatures and
solvent m xtures are preferred. For spin coatfn&

xyl ene and tol uene are preferred.

Pd,dba,
P(o-Tol) 8 17
20 - .
Toluene
2M Na,CO, N
C8H17
25 The novel methods of preparing monomers and polymers as described

above and below are another aspect of the invention.

The polymers according to the present invention can also be used in
polymer blends, for example together with other polymers having charge-

30 transport, semiconducting, electrically conducting, photoconducting and/or
light emitting semiconducting properties, or for example with polymers
having hole blocking or electron blocking properties for use as interlayers
or charge blocking layers in OLED devices. Thus, another aspect of the
invention relates to a polymer blend comprising one or more polymers

35 according to the present invention and one or more further polymers
having one or more of the above-mentioned properties. These blends can



35Exanpl es of especially preferred solvents include, without limtation,
di chl oronet hane, trichl oronethane, nonochl orobenzene, o- - 32 -

di chl or obwozeneiicdeet r ahydr of uran, ani sol e, norpholine, trolrmEPoE1/00090%5] ene,
m xyl ene, p-xylene, 1, 4-di oxane, acetone, nethylethyl ketone, 1, 2-

di chl or oet hane, 1,1,1-trich|oroethane,'§1i 2, 2-tetrachl oroet hane, et hyl
acetate, n-butyl acetate, dinethylformam de, dinethylacetam de,

5di net hyl sul f oxi de, tetraline, decaline, indane, nethyl benzoat e, ethyl

benzoate, nesitylene and/or m xtu t hereof. The cqncentratio of t he
pol yners in bﬁ@f%fﬁgltb’nc‘?%"eﬁ}t'é’f@[ ﬁlﬂt@"‘fﬁt% atgre %‘H oftor ahcg

preferably 0kr5o\hﬁ) & W ykined petrsorOMyipicelylthie pry@nmIaﬂalmlxediGmtrseactmrrprl ses

exanpl e in veneosrisenRsl I Sulatle POFRREF ST aRES s GPmbRdi ot g
solutions are evaluated as one of the follow ng categories: conplete ’

solutign. Dopflghldrs Pae Hfih%nin%nt&lo;h (1@ 4Bl FrorMRfEANRHBridihgenkTordr awn Lo

ar anet er - rogen

solubility amrem@dx{m@rwrt@omy@@ Bindscas descrbedsa gl?qqua HQgW@

sol ubility a%,aﬁ]d;grb@gmgwtgrom literature val ues such as publ I shed in
"Crow ey Teague, G S. Jr and Lowe, J.W Jr., Journal of Paint

Technol OQY, 38, No 496, 296 (1966)". Sol vent 20bl ends may al so be used and
can be ident Pfré@ﬁealssdﬁattsidne(illphatlﬁbymamoﬁél EhBrinated Fedrecattians, of

Soci t f 9- | ead
to’a bibna opromate PEgiTEIRA Rlondy etibrs S Tna ek g R ORGENERAITEY | 02
present i nvesbivents whichatarhbe wused lrm@gde am, é-ttlmeﬁw}be@eﬂe&ész dhre true

solvent 1N 2QidheinyfBedstnd éﬁmbénf&?&frﬂéﬁgzlérﬁb td”'u%éﬁ@%‘?ﬂ’ieriéwe”t'on can

al so be used 1 n ers in the i C Cri above and
bel ow. For aﬁM@‘Pgﬁi‘Y'Bﬁﬁz‘i’ﬂﬁ rﬁi‘ﬁ'@b’ﬁ’eﬁlzélz‘%eﬁeé'@ﬂmo '”'r & Q'g’%a

desi rabl e t opgeprRhal 8-fRiskdblo-gflens 2ehBrobemsitifuonie dlmetlhyﬁermasﬂde( nor e
devi cesll uni t 2-chloro-6fluorotoluene, 2-fluoroanisole, anisole, 2,3-dimethylpyrazine, 4-
fluoroanisole, 3-fluoroanisole, 3-trifluoro-methylanisole, 2-methylanisole,
phenetol, 4-methylansiole, 3-methylanisole, 4-fluoro-3-methylanisole, 2-
fluorobenzonitrile, 4-fluoroveratrol, 2,6-dimethylanisole, 3-
fluorobenzonitrile, 2,5-dimethylanisole, 2,4-dimethylanisole, benzonitrile,

20 3,5-dimethylanisole, N,N-dimethylaniline, ethyl benzoate, 1-fluoro-3,5-
dimethoxybenzene, 1-methylnaphthalene, N-methylpyrrolidinone, 3-
fluorobenzotrifluoride, benzotrifluoride, benzotrifluoride, diosane,
trifluoromethoxybenzene, 4-fluorobenzotrifluoride, 3-fluoropyridine,
toluene, 2-fluorotoluene, 2-fluorobenzotrifluoride, 3-fluorotoluene, 4-

25 isopropylbiphenyl, phenyl ether, pyridine, 4-fluorotoluene, 2,5-
difluorotoluene, 1-chloro-2,4-difluorobenzene, 2-fluoropyridine, 3-
chlorofluorobenzene, 3-chlorofluorobenzene, 1-chloro-2,5-
difluorobenzene, 4-chlorofluorobenzene, chlorobenzene, o-
dichlorobenzene, 2-chlorofluorobenzene, p-xylene, m-xylene, o-xylene or

30 mixture of o-, m-, and p-isomers. Solvents with relatively low polarity are
generally preferred. For inkjet printing solvents with high boiling
temperatures and solvent mixtures are preferred. For spin coating
alkylated benzenes like xylene and toluene are preferred.

35 Examples of especially preferred solvents include, without limitation,
dichloromethane, trichloromethane, monochlorobenzene, o-



30area), and power consunption. Patterning of thin layers conprising a

pol ymer according to the present invention can be carried out for exanple
by phot olwORoyriapsey, el ectron beam |ithography or | aser PORUIEPRIINIONG4S For
use as thin layers in electronic or eleg roopti cal devices the polyners,
35pol ymer bl ends or fornulations of the éresent I nvention may be deposited
by any suitable nethod. Liquid coating of devices i's nore desirable than -
33 - vacuum deposition techniques. Solution deposition nethods are

[ f d. The f | at i f th t ble th
o6 of " hundEnRspbENERIIS: tEBANY NGB ANGalS MEPERERT BB eI
t echni ques | Rekyldae, pixylemd, 1,4-didaneoacetding, awhylathyllstome, c‘qa{l ng, ink jet
PG, BBl E, A LT BRorSERERE, P14 BRaciiBRlal Ay OBl | N0,

roller print rall hy printing
f I exogr aphi capetahe|mgutw\/aloetﬁtendlmfghylﬁ;'fmajﬂldaadim@hylaﬁaﬁmldgat| ng or pad
Printi B9 1 Nlgich iy RBidR0 tPalb®) sk, iddte riemgroazdaite dthgrs i g

resol ution | ayers evi ces be pr ar ed Sel ected formul ati ons of
the present bﬁOéﬂ@ﬁ%ﬁ‘QﬁéﬁY'%@ PI'HHX Spm;ef%‘?frl cated device substrates by
ink jet printing or m crodispensi ng Preferably industrial piezoelectric
print heads ch as but .not _limt totiﬁjses

Li ed..b 0N, 4 o
H t achi - Koki , pmn%@@ﬂﬂ&f(g@%,po S ei%lﬁ*gg'ﬁh%ig@éﬁeébﬁ@gﬁg)ﬂoépectra,
Trident, Xaalbyrwglgbe rusrmbrle(ﬁerapm §.5ttheb % hyameight édptomadiycthersdlayer to a
bst t db
subst 3 A LBHLYS BRELGrieheinels RseeE oL Broect v o bY
m cr odi spens@nssdaaqiclhedsfmtﬁmpﬁlﬂd(y&aowoﬁﬁ@ﬂ%&ﬂop and M crofab may be
used. 20 In order to be applied by ink jet printing or mcrodi spensing, the

pol ymers should be first dissolved i swt he sol vent %ﬁ}events st
fulfil the ré&ﬁfﬁ@ﬂéﬁpyﬁtﬁ?mxmaﬂﬁ'“ﬁu% ges ﬁéﬁx@"%!H? ?$ PREM a

effect on &thélfélﬁﬁ\][ln@matég&@adcoﬁmhtélsnh.aiolny]poﬂiﬂrmsmusbmdrd have b0| li ng
oints > re > I er to
Brevent ?Sgperé'ﬁql Eb% oéﬁ%&ﬁ% 'ggﬁ%\% tﬁ ogglﬁ\eet{h??r?\{urh?ro?%ré'q}[e?lﬁ5| de the
print head. Aqyalmgérr bending IthMWQre@lhbWQdam)ms@lUlsUVt &lﬂ@p‘@tﬂ vents

i ncl ude SUbStéb‘i\}étrﬁQ{é}Qﬂ’gaWé}ﬂwﬁ t?datré 'c%'ﬂeoed éyé}{fraﬁﬁ.tefytu@ 2-al kyl

f or mam de ani_so es and her enol -
30et her derl\)@duaﬁe%UChs%WPl'ih%mh&r@W difds TeggHe s %ulfsﬁr] hg‘@

pyridines,  jw. Jr., Journal of Paint Technology, 38, No 496, 296 (1966)". Solvent

20 blends may also be used and can be identified as described in "Solvents,
W.H.Ellis, Federation of Societies for Coatings Technology, p9-10, 1986".
Such a procedure may lead to a blend of ‘non’ solvents that will dissolve
both the polymers of the present invention, although it is desirable to have
at least one true solvent in a blend.

25
The polymers according to the present invention can also be used in
patterned OSC layers in the devices as described above and below. For
applications in modern microelectronics it is generally desirable to
generate small structures or patterns to reduce cost (more devices/unit

30 area), and power consumption. Patterning of thin layers comprising a
polymer according to the present invention can be carried out for example
by photolithography, electron beam lithography or laser patterning.

For use as thin layers in electronic or electrooptical devices the polymers,
35 polymer blends or formulations of the present invention may be deposited
by any suitable method. Liquid coating of devices is more desirable than



pyrazi nes, pyrimdines, pyrrolidinones, substituted and non-substituted

N, N-di - C1_2-al kylanilines and other fluorinated or chlorinated aronmatics.

A preferrwoolnesss for depositing a pol yner accordi ng PoTiERROIPLOE®DSERNt
35invention by ink jet printing conprises a benzene derivative which has a
benzene ring substituted by one or more33abstituents wherein the total WO
2011/ 116866PCT/ EP2011/ 000945 - 34 - nunber of carbon atons anong the one or
nore substituents is at |east three. For exanple, the benzene derivative

may be substituted with_ a progél groga ﬁr t hr ee. net h¥l grou s, in either
case there b@GymMdepegtiontaraiangs H3RluLPR derPPRItiPgMFtNoBSAe, sol vent
enabl es an i @dpecillyf preferréd. Dite Hratuimtibreoofithegiregentiinvertioreenabiethe t he

pol ymer, which reduces, o . i f at . separation of
t he conponent'®® aﬁ?i%"%%;r%@[@éf%%%'fi%&@f% ﬁrr%@”%ﬁccfe@?i%ﬂﬁi}o_se sel ect ed
from t he foltechniguesiisclude, withapt bvitation «lig chatinaapin coating, ink jet

1- met hyl - 4-t gt but, Qe&%_ e kPl IR CAEtol ingt irnol ene,
cymane%; di etﬁ{ﬁ%@z‘éé@rtle. %gepsrﬁl\ﬁghtg&%%hadﬁmg@aéaggﬂbgﬁ&yﬁwg'e%'?ﬁat is a
conbi nat i on Bfinting reverserellebpiiating oftsst ithegrarin Pitie flgxPgrapis ng a

]{)_0: L pg looit _r‘briﬁﬂf%),?\rl]e ﬁﬁtiﬁg,gé;ﬁéy!@tmgﬁg,msh%@ahn%@]lcrpatat;(rﬁmntglhmi-jeﬂhance
ilmformation i n the |ayer deppsi nd reduce defects in the, layer.
15The i nk j ePTPYRG 1§ R?’Hﬁﬁ'ai”g H‘fgfﬁr[ﬁ‘ga%? 338]”\?3}\9? FERIURN BYErS 809 conduct i ng
conpound) pr géeicedliy bearepargdscosity at 20C of 1-100 nPas, nore preferably

1-50 n?gs and nost preferably 1-30 nPas. The polyners or formul ations
according to the present invention can 20additionally conprise one or nore

further conpGetadted formudations ekthediresentiinventionmayxkerppeligd tom
surface-act | g%ﬁgﬁ@&@ﬂ%viéé‘%ﬁﬁﬁé&@%y@ﬂ@]&?)finﬂﬁgt; lor RSl Pehsiny.Sper si ng
agents, hydr obi ng agents, .adhesive agents, flow inprovers, defoam ng
agents, deaePielerably industrialpigreRIRe )Prg\i heads sugh asr ‘*H(ﬂ‘?ﬁ'@ﬁ ite,
auxi |l i ari es, tiedeostiptlied, bydipaony Hith¢hiadks, InkdetsTdcdhnelagy, Qralatgeter s,
15 Technology, Picojet, Spectra, Trident, Xaar may be used to apply the
organic semiconductor layer to a substrate. Additionally semi-industrial
heads such as those manufactured by Brother, Epson, Konica, Seiko
Instruments Toshiba TEC or single nozzle microdispensers such as those
produced by Microdrop and Microfab may be used.
20
In order to be applied by ink jet printing or microdispensing, the polymers
should be first dissolved in a suitable solvent. Solvents must fulfil the
requirements stated above and must not have any detrimental effect on
the chosen print head. Additionally, solvents should have boiling points
25 >100°C, preferably >140°C and more preferably >150°C in order to
prevent operability problems caused by the solution drying out inside the
print head. Apart from the solvents methoned above, suitable solvents
include substituted and non-substituted xylene derivatives, di-Cq.2-alkyl
formamide, substituted and non-substituted anisoles and other phenol-
30 ether derivatives, substituted heterocycles such as substituted pyridines,
pyrazines, pyrimidines, pyrrolidinones, substituted and non-substituted
N,N-di-C1.,-alkylanilines and other fluorinated or chlorinated aromatics.

A preferred solvent for depositing a polymer according to the present
35 invention by ink jet printing comprises a benzene derivative which has a
benzene ring substituted by one or more substituents wherein the total



25nanoparticles or inhibitors. The polynmers according to the present

I nvention are useful as charge transport, sem conducting, electrically
conduct i /go 2photiessenducti ng or light mffing material s iPaT@mPRO1GADOI4S

el ectrooptical, electronic, electrolum nescent or 30photol um nescent
conponents or devices. In these devices34the polyners of the present

I nvention are typically applied as thin layers or filnms. Thus, the present
invention also provides the use of the sem conducting polyner polyner

bl end, forrmulation or |ayer, in an el ectronic devic e 35fo tion nma
be used as aml‘\"lf‘lﬁﬁr %B@qutglg]ﬁ %‘@Hﬂﬂgg?ﬁ@elrﬂtrﬂ?'}%? etﬁ%' ?dﬁJg{@u@\?Fc:&s andy

appar at us. Tifged OF srbEIMpPle, iy bbrzersederiVativeenayblessubstit@éd withnat he form of
a sem conducting, | ayer ok ngl r he present
Mvent i on preisrabe s mROFGRLES IR gtk GaBEMEIE big BFleaet 0 2L PoC
the | ayer comneesarb;praatnmhgnEtotalpSIuyh@fSQJV%'ﬁcBnﬂbb%ammmeﬁﬁhldawchﬁ ding to
the 1 ngent! oRrmbdCaR¥fitingthe 'ise'fﬁ?Wlth%bﬁﬁﬁyrﬁ&aﬂvrﬁé?%ﬁuég dfi crons. For
various el ectronic

ice fo I .catl ons I ckness be | ess than
about 1 ni crpieventerlogging ¢ ‘5&19@&%"%%‘3%&8%”9@8‘3 ?WPQQEHBI‘EWH}Q a part of

an el ectronig r%?mgcerhebyole@ryt(gfmtap%@uaé &mtsa@addsmru&h@fDIMg figt or
printing tech | ques 18 Hé vent | O "'P?e({{»h‘é I Vi dest an. el Fct ronic
devi ce conprP ¥ajRleso yIbERES Ble'PXJ ﬁy SsRNG CSPg&R

sem conducti n@ohemerlsadumfmh erpirmolehe, gymesres)tdiethylbenzene. Bs@solveht y

F;ster E@d deyi C%%gr%g%?ﬁ &{FTﬁYat Fscﬁ ’cohﬁ:ﬁﬁ&lqﬂ 51‘:tWot§r mB?é’@BIiVERfSS’ RFI D

phot oconduct eash spivenbpeafetably bavinge b@ﬂlﬂgmmto‘dlo&pﬁb mqne\nr@f@sably

el ectrophot oghagis Csﬁé’ﬁQb@bﬂﬂsﬂﬁrébceﬁ'ﬁwan%gﬁ’fﬂ'férrﬁﬂ'@{ i Hevhges, sensor

devi ces, charge injection ttky di odes, planarising |ayers,
antistatic fﬂBﬁQS't%ﬁﬂﬁé?‘??f'bg/gﬁ%é’f§5‘t € 1a¥Rl- conduct i ng patterns.

20Especially preferred el ectronic device are OFETs, OLEDs and OPV
15 The ink jet fluid (that is mixture of solvent, binder and semiconducting
compound) preferably has a viscosity at 20°C of 1-100 mPa's, more
preferably 1-50 mPa's and most preferably 1-30 mPa's.

The polymers or formulations according to the present invention can
20 additionally comprise one or more further components or additives selected
for for example from surface-active compounds, lubricating agents, wetting
agents, dispersing agents, hydrophobing agents, adhesive agents, flow
improvers, defoaming agents, deaerators, diluents which may be reactive or
non-reactive, auxiliaries, colourants, dyes or pigments, sensitizers, stabilizers,
25 nanoparticles or inhibitors.

The polymers according to the present invention are useful as charge
transport, semicondubting, electrically conducting, photoconducting or light
mitting materials in optical, electrooptical, electronic, electroluminescent or

30 photoluminescent components or devices. In these devices, the polymers
of the present invention are typically applied as thin layers or films.

Thus, the present invention also provides the use of the semiconducting

polymer, polymer blend, formulation or layer in an electronic device. The
35 formulation may be used as a high mobility semiconducting material in

various devices and apparatus. The formulation may be used, for example,



devices, in particular bulk heterojunction (BHJ) OPV devices. In an CFET,
for exanple, the active sem conductor channel between the drain and source
may conprweeotihacscayer of the invention. As anot her exampiraEP201/00094LED
device, the charge (hole or electron) injection or transport |ayer nmay
25conprise the layer of the invention.m¥or use in OPV devices the polyner
according to the present invention is preferably used in a fornulation that
conprises or contains, nore preferably consists essentially of, very

preferably exclusively of, a p-type 30(electro semc ductor and an
n-type (el ecirtbff ﬁ%@%@&%m§’8ﬁpﬁgﬁtﬂjétygf Pr‘;ﬂt‘i'é‘gg"ﬂ/a'é‘g e 88?1 Ctor is
constituted fapectpoleypreseatinvediiog providéeaseeateonduatingriayenfor ke imanype

sem conduct or can be,an i [Or cadm um
sel eni de, or elgf 8P'é’aqﬁV°¢1gﬁé?%r %’%‘“‘&%‘f"w gaogyrgg?%gtﬂgo for exanple
(6,6)- phenylfmmaumryamoramctpdhenm\rgntloasffée Iaw@rw filmoway e lesethan or

" PO61 ‘ tiRkAEss
wid| | Ay e @%@?‘5’ fficiohS! FBY @i bRclfonkitieviee SBflicafichs, e ?j ®5% 90,

Vol . 270, P. meydee lessdhan @beuhd roiseonsthicle fiecayabmayhg eepositedairst r uct ur al
«(’mal Ogous Coa%made Mh%"paﬂt of aA lddtrdriic tégﬁ@aebgén%@f glf]&zwmenmng% 82' yrlrgr
see for exa ee em er

4533) . g%Hf'Q\nW@*'B&P&?”ﬁyf‘g?‘?&m%‘ﬁeﬁ his type is a blend or mixture of
a pol ymer accord| ng to the present invention with a C60 or Cmfullerene or
nodi fi C60 ' P e}

pol yrre 6f ul | ﬁ‘g %@%rédéﬁﬁoﬁwg{eg ﬂé@%?ﬁfcﬁoﬁ@%éemé ?/é froml. 2:1
to 1:1.2 by melygmr pntymermlém@rf@nnylallom mprgémgwemm@mdw@g ﬁ!éfhfded m xt ure,

an optional ﬁﬁ»‘&r?%@d 41§ pretdriézgeit&ndreor pohol ogy
and conseque ??&%&g}g) @%ﬁ@'g%gﬁlﬁg?n&nc g . ;

of any type Qﬁgﬁ fioks. {GeE, 'Ioigice?'gi‘{ﬁsec?%%"époés &/%ew Ci)@ fCS)LEi%’SIrml Eh?g
Lett. 89, 23&HEDS2008)| sokricghs,daseradiddes, qﬂmtoemhdﬂ%tbrdephobde@aﬂom ng to
the pr el%ent Iepevc?r%tplho?dgr %de%ﬁéses electrophotographic recording devices,
: organic memory devices, sensor devices, charge injection layers, Schottky
diodes, planarising layers, antistatic films, conducting substrates and

conducting patterns.

20 Especially preferred electronic device are OFETs, OLEDs and OPV
devices, in particular bulk heterojunction (BHJ) OPV devices. In an OFET,
for example, the active semiconductor channel between the drain and
source may comprise the layer of the invention. As another example, in an
OLED device, the charge (hole or electron) injection or transport layer may

25 comprise the layer of the invention.

For use in OPV devices the polymer according to the present invention is
preferably used in a formulation that comprises or contains, more
preferably consists essentially of, very preferably exclusively of, a p-type
30 (electron donor) semiconductor and an n-type (electron acceptor)
semiconductor. The p-type semiconductor is constituted by a polymer
according to the present invention. The n-type semiconductor can be an
inorganic material such as zinc oxide or cadmium selenide, or an organic
material such as a fullerene derivate, for example (6,6)-phenyl C61-butyric
35 acid methyl ester, also known as "PCBM" or "PCgBM", as disclosed for
example in G. Yu, J. Gao, J.C. Hummelen, F. Wudl, A.J. Heeger, Science



a low work function electrode (for exanple a netal, such as alum nun), and
a high work function electrode (for exanple I TO, one of which is

transpar em0,200/116866r (al so referred to as "active | ayer PLTEPAQINI08094F a hol e
transporting material and an el ectron transporting material, preferably
selected from OSC naterials, situated bt meen the el ectrodes; the active

| ayer can exist for exanple as a bilayer or two distinct |ayers or blend or
m xture of p-type and n-type sem conductor, formng a bulk heterjunction
(BHJ) (see for exanple. Coa K., M angd M Cehee, M D em_ Mter. - 37
- 2004, 16, tﬁ?a‘is)\{ola%?%p?-iﬁr@lﬁ%ﬁd&%@ﬁ‘%&e@?ﬁé?@ ?‘&%?Peg&\" Ul e

ColrrpEi sing asthjlcfﬁmlahala@a@s:dzﬁ&pmm MtB,eﬁlg.eﬁ;] By frledsrexgtdupoienBM), _—

pol y(styrenesul fopat e [ r e ig

Boor i unct i 9 BRBAYS saee Toh YReiRIs ChARER KM, Bt MEckR¥E MERE Crin . 2
function el eMarerd@004, pB.o9IH. an ohmi c contact for holes, an optiona
coatiqg (for exanple of LIE) on the side of the | ow workfunction el ectrode
facing the active layer (13), to preyide an ohm c contact for electrons. 10
A typical and preferred inverted OPVpdevice according to the present

i nvention, conprising: a |ow worRfHpction el egsiapode (for exanple a netal,
such as gold), and a high work functlL el"ectffode (for exanmple ITO, one of
which is 15transparent, a |layer & Ceferred to as "active |layer")
conprising a hole transporting @@ ] an el ectron transporting
nateriig, preferably sel ected fi ials, situated between the

el ectrodes; the active |ayer ca xanpl e as a bilayer or two
distinct layers or blend or m XM 3 ﬁtype and n-type sem conduct or,
formng a BHJ, an optional condytti ngpgyner |ayer, for exanple
conprising a blend of PEDOT: PSS, s™ =0 between the active layer and the
| ow work function electrode to provid Caqy?hnic contact for electrons, an
optional coating (for exanple of Ticxﬁ 8h the side of the hi gh
25morkqgnction el ectrode facing the active laye, to provide an ohmc

cont act ™f or IA%r%?erred material of this type is a blend or mixture of a polymer
according to the present invention with a Cgg or C7o fullerene or modified
Ceo fullerene like PCe1BM or PC71BM. Preferably the ratio
polymer:fullerene is from 2:1 to 1:2 by weight, more preferably from 1.2:1
to 1:1.2 by weight, most preferably 1:1 by weight. For the blended mixture,
an optional annealing step may be necessary to optimize blend

20

morpohology and consequently OPV device performance.

The OPV device can for example be of any type known from the literature

5 [see e.g. Waldauf et al., Appl. Phys. Lett. 89, 233517 (2006)).

A typical and preferred OPV device according to the present invention,

comprises:

- a low work function electrode (for example a metal, such as aluminum),
and a high work function electrode (for example ITO), one of which is
transparent,

- alayer (also referred to as "active layer") comprising a hole transporting
material and an electron transporting material, preferably selected from
OSC materials, situated between the electrodes; the active layer can
exist for example as a bilayer or two distinct layers or blend or mixture
of p-type and n-type semiconductor, forming a bulk heterjunction (BHJ)
(see for example Coakley, K. M. and McGehee, M. D. Chem. Mater.

30

35



In the OPV devices of the present invent invention, the p-type and n-type
sem conductor materials are preferably selected fromthe materials, |ike
30t he polWoeniubieer ene systens, as described above. |f PCHEPRIIIAYEHSi S a

bl end an optional annealing step may be necessary to optim ze device

per f or mance. The conpound, fornul at 86 and | ayer of the present

I nvention are al so 35suitable for use in an OFET as the sem conducting
channel . Accordi ngl y, the invention also provides an OFET conprising a gate
el ectrode, an - lating (or gate insulator) |ayer, a source

el ectrode, a d?@@‘h E@edc'fjt]‘}'r?gde and an organi ¢ sem conducti ng channel

connect ljng t heagf @ptiopabtshdiraing milpoer Ges, fonbrample %(}mapgmgfgra blelnd

seni conduct i ng en ormul ati on or
organi c sem coﬂﬁegﬂzﬁb Wé'ig‘éger‘@‘ﬂlﬁxg§8x¥‘ﬁéﬂ%§§s%nt i nvention. O her
features of t hpom}(-'sﬁsrrmesumhateﬁh@matad hetareendke lactve iayer raddhe. higheETs
where gn CSC glak hillotioh GibERGEE dodhodify tHeWwbi f Eﬁrggﬁmeam Abgorl el ectric

and a ral n and a source e ectro genera Oare

described for &netipnelesireds 538@2"@@” 0@9“'50991? 65 hales.e, 723, 394 and in

the r6ferencesaﬁ!dpﬁi@nbﬂcéélﬁ\d)ﬁékéim fé@ﬂgF) R th@uﬁiet@fthbeowdvant ages li ke
| ow cost producti

usi y erti conpgun
according to tH’@”FﬂO%W?” gl?cérr?(ﬁ’settjﬁﬁg‘ thgarg;? rlﬁ? ??/p&?v'ﬁjeolﬁﬁ C}EU'Ff aces,
preferred appl ceatacofer eléctrtlese FETs are such as integrated 15circuitry,
TFT di qgl ays and security applications. The gate, source and drain
el ectrodes and the insulating and sem conducting |ayer in the OFET device

may be arran@etsjplqal ansi prefgusdciaveped Qi deviegtacaeedivg e &e RFrpeMai n
el ectrode ar ﬁ}"%‘?ﬁ ﬁq{)ﬁgfnrgom the gate el ectrode by the insulating |ayer,
the gate el ectrode an he _sSe nduc | ayer both contact t I nsul ati ng
layer, and theadawrwerkdupetion g cg ?ﬁaéx e @ mefalosiichas ﬂol‘jﬁn‘?% t the
sem conduct i ng gl [iyRwork function electrode (for example ITO), one of which is
15 transparent,
- a layer (also referred to as "active layer") comprising a hole transporting
material and an electron transporting material, preferably selected from
OSC materials, situated between the electrodes; the active layer can
exist for example as a bilayer or two distinct layers or blend or mixture
20 of p-type and n-type semiconductor, forming a BHJ,
- an optional conducting polymer layer, for example comprising a blend
of PEDOT:PSS, situated between the active layer and the low work
function electrode to provide an ohmic contact for electrons,
- an optional coating (for example of TiOy) on the side of the high
25 workfunction electrode facing the active laye, to provide an ohmic
contact for holes.

In the OPV devices of the present invent invention, the p-type and n-type
semiconductor materials are preferably selected from the materials, like

30 the polymer/fullerene systems, as described above. If the bilayer is a
blend an optional annealing step may be necessary to optimize device
performance.

The compound, formulation and layer of the present invention are also
35 suitable for use in an OFET as the semiconducting channel. Accordingly,
the invention also provides an OFET comprising a gate electrode, an



An OFET device according to the present invention preferably conprises: 25-
a source electrode, a drain electrode, a gate electrode, a

sem condwOi2ny/116866r, one or nore gate insul ator |ayer #CT3P010/0009%Hal |y a
substrate. wherein the sem conductor |ayer preferably conprises a polyner,

pol ymer blend or fornulation as descri -above and bel ow. 35The OFET
device can be a top gate device or a bottom gate device. Suitable
structures and manufacturing nmethods of an OFET device are - 39 - known to

the skilled in the art and are described in the literature, for exanple in
US 2007/ 0102i698lating (pheatpinsufateulilayely aiseyEse plestrefand fraipiesteade o

f1 uor opol ymegpd lanksrganie sérhr@oﬁaamm%charhd\ea coviaetiid theydwpe 80aNrajn or Cyt op
107Mr) (from A?agi GﬁS?& rI‘Drefera lé thengg}%he i psul altor Ia%er S

deposi ted, e§cBYesWACTEIAhe GrIgic FEMIENEHCHEY RAPRSHEAMRISRS A9, spray or
di p coating polyaigrepolynmmmblend Hoduulatioorararganiciseaticomd waiimgriagémg an

I nsul agor ma ' | 0, I I 0 atons
(1 uor Bsol vergeyaing BnBXFeRen i Enfict) GRET (Al B OPET ars Wil

per f | uor osol keownite those skittgd (i he akai | abl e from Acros, catal ogue nunber
12380). Ot her suitable fluoropolyners and fluorosolvents are known in prior

BuPont ) or PO BRENER a0 KPS T B H6rngebaparr BrbbeMmEn s petdizo
(Acros, No. #r3¥oblic ahbEsgemin aindya poefceralectrades ave gniecallyi laiowat,rand mat eri al s
having g | oW, o jescribed for example in US 5,892,244, US 5,998,804, US 6,723,394
and in the references cited in the background section. Due to the
advantages, like low cost production using the solubility properties of the
compounds according to the invention and thus the processibility of large
surfaces, preferred applications of these FETs are such as integrated

15 circuitry, TFT displays and security applications.

The gate, source and drain electrodes and the insulating and
semiconducting layer in the OFET device may be arranged in any
sequence, provided that the source and drain electrode are separated

20 from the gate electrode by the insulating layer, the gate electrode and the
semiconductor layer both contact the insulating layer, and the source
electrode and the drain electrode both contact the semiconducting layer.

An OFET device according to the present invention preferably comprises:
25 - a source electrode,

- a drain electrode,

- a gate electrode,

- a semiconducting layer,

- one or more gate insulator layers,
30 - optionally a substrate.

wherein the semiconductor layer preferably comprises a polymer, polymer
blend or formulation as described above and below.

35 The OFET device can be a top gate device or a bottom gate device.
Suitable structures and manufacturing methods of an OFET device are



permttivity (or dielectric contant) from1.0 to 5.0, very preferably from
1.8 to 4.0 ("low k materials"), as disclosed for exanple in US 2007/0102696
Al or USWwWOQ9B/0436 20l n security applications, OFETs aRGTGPREN/ 004 ces

wi th sem conducting materials according_to the present invention, |ike
transi stors or diodes, can be used for- $&rp tags or security markings to
aut henticate and prevent counterfeiting of docunents of value |ike
banknotes, credit cards or ID cards, national |ID docunents, |icenses or any

product with nmonetry val ue, 25like stanps, ti.ckets,K shares heques etc..
Al t er nat i vel Knowm#o ﬁﬁ gf'ﬁ%‘l"@ g@c%&(ﬂ”ﬁ'gar@cgetsﬁﬂg?ﬁ%mq @ﬁr%HW’E‘Qr used in
OLEDs, e.g. @@mrhpR indi$200d/er02806mAterial in a flat panel display
applications, or as backlight of a flat panel display like e.g. a liquid

crystal 30di splay. Common COLEDs are realized using nultilayer structures.
An" eni ssi on Thy gate insyiater kyey psefetably kemprisesdciiasapolymerplike e.g. the
el ectrgn-tr ﬂ{érci%ggfavﬁna&e'@ytbb%mtor!@ms 307R® APdthYAdHhi @lagd)ect ri c
vol tage el ectrons and” holes  as charge carriers nove towards {he eni'ssion

| ayer where Preferabiythmgateainsuiatordader Bolanasitedcs Saby SRINFRAHhCce
| um nescenceygaef bidiing, Uiwe bak cuagﬁ%_%may ar apdcoatinighsr sthiesRhewnl ayer. The
1 N8B

I nventive conpounds, naterials . an may .be enpl oved |n one or. nore of

the - 10 - ETReRS frameorafatpl cornplifing B Sy o ElaL ind e br

cor r espondi nghdre sohints alithadne oamoaa ooy atopts (Fhiorgsalpents), gsefeFablyreer nor e

their e W thi 1S Al | | ' he

(et ¢ 48 W LD IR R B BrSAEEial bl b taesisbe

el ect r ol uni nAstamcafalogee NUBY Bt RSHY Qther sitablefiucsepelyeers andni nescent

B G6bast ng. ofBorRBientS e RhOh 8 Priof AT A O SAAEAERE 12 compounds or

mat eri al s f oPeffWoreRAymersl e ”i%@éﬁgﬁé?rl%ﬁ%lgﬁ%\ﬂﬁ?wpe?rs@ﬁ%aqq ed in

:cA\I he iart : Jsee(fr?nq;lytgl:b@bhm%peﬁwz di@cgi/@ntl\lm:aﬁﬁa:roilﬂe._ﬂ%??aooo, 31- 34,
cal a, 2J. L S . T7424- 7 literature cite

therei 2 Acc B?ﬁ'@ﬂ¥8¥%fﬁg egrequ}ggn%chcégégﬁécﬁﬁgfeg%é%E%\rnhbﬁglotes}o t he present

i nvention, eppeittiityy(or kiielectiticontantp ftophdOdound neeryanefgsablydramndsd may be
| d b L:ah# . . i i h

enpl oyed as Ry | @@ggﬁ%rggag),o%g%gcy:aéée%g exafipili Dlsiyogriv16ogeguCh as

15descri bed in er et al., Science, 279, 1998,
835-837. A1 or US 7,095,044.

20 In security applications, OFETs and other devices with semiconducting
materials according to the present invention, like transistors or diodes, can
be used for RFID tags or security markings to authenticate and prevent
counterfeiting of documents of value like banknotes, credit cards or ID
cards, national ID documents, licenses or any product with monetry value,

25 like stamps, tickets, shares, cheques etc..

Alternatively, the materials according to the invention can be used in
OLEDs, e.g. as the active display material in a flat panel display
applications, or as backlight of a flat panel display like e.g. a liquid crystal
30 display. Common OLEDs are realized using multilayer structures. An
emission layer is generally sandwiched between one or more electron-
transport and/ or hole-transport layers. By applying an electric voltage
electrons and holes as charge carriers move towards the emission layer
where their recombination leads to the excitation and hence luminescence
35 of the lumophor units contained in the emission layer. The inventive
compounds, materials and films may be employed in one or more of the



A further aspect of the invention relates to both the oxidised and reduced
form of the conpounds according to this invention. Either |oss or gain of
20el ectrome 20Bg1b86s i n formati on of a highly del ocal i se@Cira®2@1/00094% whi ch
is of high conductivity. This can occur on exposure to comon dopants.
Sui t abl e dopants and net hods of doping‘%Qe known to those skilled in the
art, e.g. fromEP 0 528 662, US 5, 198,153 or WO 96/ 21659. 25The dopi ng
process typically inplies treatnent of the sem conductor nmaterial with an
oxi dating or reducing agent in a,6 redox reacti.on to formdelo alised i oni ¢

centres in tehargateansRon idyers and Qrdp the FENRRIAY AYSintUFsHR Qed from
the applied gepanéstricRlatdhdroptizai ppertiésn durthemmors ¢hdipuse watipi theexposur e

t dopi - in th | ,
P oot s onhom Safdin) k! s BAPRIRFRATaniBEeaRs  freXofhodhds HistelaRr eostre.
i nto cont actamd films hecering tnthecingentien showleledraleminescent Pioprtiésised, and
| on- i npl ant afhte'n%é%s bPE @%ﬁeeteuéa@u@:ﬂge et GG rUonBfHdsaThe35When

el ectrons are used as ca(r) lers, suita opahts are for exanple hal ogens
(e.g., 12, caglectpm charpcterization ppwellas the processing i sydable o prs, - 41
act d. or  an oo A L O g
acids, or amn 1 ds (€e.q. : an

Cl SBH), tr AcOLEDs 'ﬁa%ae%'!ynlﬁ'&magv(aeparswéé@%hr&%%eit; Se8(¢fo4) 3,

Fe( 4- CH3C61- \eeiRoi2, SyntBlefic Materidls, Hf1 11412, 1200, 3NEd, A\lcalaGl SApIbF5, MoCl 5,
SWF5, | 6, 6_a | 1L.S; t | .~anions (e.g., d-,
Br -, |}{\,6 13- Hﬁb%o@g E@,&?{%%%"S‘Ra“@é‘% ‘E@Q?bg@'ﬁa-, Sng-,g

Fe(CN) 63-, and anions of various sulfonic acids, such as aryl-S03-). Wen

hol es are us ; j . . i e g, H Li,
hadb Rbﬁgﬁg’%&g?d gﬁ%ﬁpe_r%énmegﬁla@nad@aa&r&r@@Ktﬁe gresent

tal N , . K , Cs),
al kal i ne- 108&460!1’0%%%96&@& @gge?%h'c ghgwrfbl‘l_clé‘a'}mb%s, %@ﬁ%?e’%ﬁﬁ)z&'?y( SbF6-),
(F gg)ga% (320163)em|glgi@clt)as(rﬁ_ﬁt’éfials gg@mzsou!rd%sr, elf, of_idiéb@)dbviéﬁ&%lch aRSi < an
al kyl j%oui:)) , e%r%eﬁ %\REPEB gﬁgﬁﬁﬁ& g%%/vgﬁaf"%}ng . 'Fés)éazrﬁgﬂ-l%?? group) .

15The conducBB6e83/or m of the conpounds of the present invention can be used
as an organic "nmetal" in applications including, but not limted to, charge
injection layers and I TO planarising layers in OLED applications, filnms for
flat panel difsfurthes agpect@fiib iRventiohselalas te bath herexidiged gndfeddcednduct i ve

substrates, Raht 8f the @mpbaRds attordifto il ivafidn. FEitHe? I6sSOEGaitof
20 electrons results in formation of a highly delocalised ionic form, which is of
high conductivity. This can occur on exposure to common dopants.
Suitable dopants and methods of doping are known to those skilled in the
art, e.g. from EP 0 528 662, US 5,198,153 or WO 96/21659.

25 The doping process typically implies treatment of the semiconductor
material with an oxidating or reducing agent in a redox reaction to form
delocalised ionic centres in the material, with the corresponding
counterions derived from the applied dopants. Suitable doping methods
comprise for example exposure to a doping vapor in the atmospheric

30 pressure or at a reduced pressure, electrochemical doping in a solution
containing a dopant, bringing a dopant into contact with the semiconductor
material to be thermally diffused, and ion-implantantion of the dopant into
the semiconductor material.

35 When electrons are used as carriers, suitable dopants are for example
halogens (e.g., Iz, Clz, Brz, ICl, ICl3, IBr and IF), Lewis acids (e.g., PFs,



20printed circuit boards and condensers. The conmpounds and fornul ati ons
according to the present invention any also be suitable for use in organic
pl asnmon- evdtzbimgesbsodes ( OPEDs), as descri bed for exanplpeTinr20dalob@ns et al .,
Nat ur e Photoni cs 2008 (published 25online Septenber 28, 2008). According to
anot her use, the materials according to#41 he present invention can be used
al one or together with other materials in or as alignnent layers in LCD or
OLED devices, as described for exanple in US 302003/0021913. The use of

charge transport corrpound rding.to th present I ny ntlon can increase
the el ectri cAsFssfise BFvi §§ %tCHé % RYRIPNiogREds. EaNIS an LD,

tm S { ncr eatsafeldel &Céﬂr?]\irﬁﬁécﬂer(dlgctHFl Hg:ldaNcrgeElblse‘,aldmIDg@S@ﬁﬂ il ]glc

e ects in apl.e an e or
exanpl e in f@%@ﬁd%gﬁnﬁ' r@%téircgmﬁzoém[ ggp §Plingg %@ ngduced by the
swi t chi ng of Fe{#eCshGaHadOa)ss Tjiilh,aZiChatH Ch,, Nb&rsngGﬂs, tTIaéJIa‘,éﬂthnell\éQ@ls,l c LGs.
yoen uged | g, ER U @%Vaqramep (W\bﬁsgg L\q@s%pléﬁfﬂah@ 59%%383;1161300945 -

42 - a"light emtti I‘OVI this
i ncreased el BEtFilsal dﬁ@@l vNQp CdR e Bkan b ot MSFel, SFeo F@Glnescence of

the li tght e”Fté(cnya? MBh&'dniéns Eh@ammﬁc géldgaéltﬁﬂ‘il ?éa mvlvseﬁo t he
resent invent|on nmesogeni ¢ or id crystalline pro i es can

1I‘Dor m 5ori ent Bl e&rﬁ@d’ﬁegpq%c?"%ﬁ% %@"&‘3@5%9883 %cﬁf@ CEW?P%R QEZHeé'bem ally
useful as gl Ngnmehthb aged €N dlkalumetais (eghancrdaaKj Bbpand Gs), alktahmen d i
crystal rrE|u s accordin
toyt he reseﬁ'fl tﬁ?ﬁ genamg% Aﬁa}s n@@%b@ﬁ Eﬂz?%ﬁ@oﬁeba abl e °
conpounds anCESlm(Blsc)h(rNﬁi)blﬁBFek AgﬁlQ;stlrﬁlsoLa(i%Oﬁhoﬁ aDi [ROBEyErs, 10as
descri bed i nglS,¢ &mqaaé%m ARCRIH Qmut o@PPtlﬁh (R% BRGIKR GRAU) S

accordlng to the sent |nvent|on eir water-so
derivatives FRebs" é‘%mnew OFOLR)) ap 63391 dﬁi Ig aéﬁ%fbylgﬂrSHBk) or ionically

doped forms, can be enployed as chem cal 15sensors or materials for
detecti,ng and di scrjn.natin sequenc uch use are.described for
exanpl 450 L herscidugting o e e, fompPUGES 5 e PreSeilieBRRie 28h i ana D, o
Wi tt en, Proasediaislan darohic Soetal'UnSphlica@ss ineidin@ 2a8it;noblimiteddgo, X. Gong,
P. S. Heeger, r tl.
Acad Sei) cggf@ﬁ?%glﬁhgggerignho@ﬁmri@% Byers inGEEB apdiitafiond@

films for flat panel dlsplays and touch screens, antistatic films, printed

conductive substrates, patterns or tracts in electronic applications such as

20 printed circuit boards and condensers.

The compounds and formulations according to the present invention amy

also be suitable for use in organic plasmon-emitting diodes (OPEDs), as

described for example in Koller et al., Nature Photonics 2008 (published
25 online September 28, 2008).

According to another use, the materials according to the present invention
can be used alone or together with other materials in or as alignment
layers in LCD or OLED devices, as described for example in US

30 2003/0021913. The use of charge transport compounds according to the
present invention can increase the electrical conductivity of the alignment
layer. When used in an LCD, this increased electrical conductivity can
reduce adverse residual dc effects in the switchable LCD cell and
suppress image sticking or, for example in ferroelectric LCDs, reduce the

35 residual charge produced by the switching of the spontaneous polarisation
charge of the ferroelectric LCs. When used in an OLED device comprising



20N. Di Cesare, M R Pinot, K S. Schanze and J. R Lakow cz, Langmnuir
2002, 18, 7785; D. T. McQuade, A E Pullen, T. M Swager, Chem Rev. 2000,
100, 253WO02011/10866ss t he context clearly indicates ot h@CREP211480%Sed
herein plural fornms 250f the terns herein are to be construed as including
the singular formand vice versa. Thrcru‘b%out t he description and cl ai ns of
this specification, the words "conprise" and "contain" and vari ations of
the words, for exanple 30" conprising and "conprises”, mean "including but

not Ilmtedto and are nten ed to é f{do n?t% ude ot h
conponent s. 3 fighj emittiag FQE Ry e[dn%rfto\; a4gnoRs efﬁg'sf'BP ﬁg
enbodi rrfntﬁ Sbctridal towdudtivity oaarerﬂmnmdae\dtedtmlmhlrielscéatda Dﬁg'ie/\llgﬂ‘tl n the
scope of the i ventl C tion,
cni 55 st at CMBRGRFEHar TS R BAAE ol aE Boodiclll & HRAFELERE | U
the sane, eqnnwallcamhawngsmﬁsogﬁtnlcordlawd pustadine. propagiesgane®sMst at ed
otherwsse. eaglhbGUnidretic IS 8 descbey 9%8UR| Whiehlafe GspBolifpiskfulser | €s

of equi val ent Oor sim features eatures di scl oseﬂ in this

speci fi cat i oas signment RYST s iindyce gy QS&E@HB?@QQF'@S‘@" mndguidgydidhat i ons

wher e at 'eaﬁ\tedﬁﬂﬁ‘br@%déufﬁhté%étdlém§oﬁ6|§||b<ﬂm$1l'ﬁ§$n@téﬁal§vé¢wmWig&éC| usi ve.
In particular, the R{]efer edfeat are licable to

al | aspects e PeeeNHUNRD 'B'H M#Ha2 &%@orﬂb@&dlvﬁ' '};\H Og’dﬁﬂﬁ‘ﬂ% R. Li kewi se,
f eat ures desgsmbednds andloressemophbresfubiusatin onsas pinptdaligneeentdayarsat el y

(not i ggcombinatiomey Hus 2003/0021913.

According to another use the materials according to the present invention,
especially their water-soluble derivatives (for example with polar or ionic
side groups) or ionically doped forms, can be employed as chemical

15 sensors or materials for detecting and discriminating DNA sequences.
Such uses are described for example in L. Chen, D. W. McBranch, H.
Wang, R. Helgeson, F. Wudl and D. G. Whitten, Proc. Natl. Acad. Sci.
U.S.A. 1999, 96, 12287; D. Wang, X. Gong, P. S. Heeger, F. Rininsland,
G. C. Bazan and A. J. Heeger, Proc. Natl. Acad. Sci. U.S.A. 2002, 99, 49;

20 N. DiCesare, M. R. Pinot, K. S. Schanze and J. R. Lakowicz, Langmuir
2002, 18, 7785; D. T. McQuade, A. E. Pullen, T. M. Swager, Chem. Rev.
2000, 100, 2537.

Unless the context clearly indicates otherwise, as used herein plural forms
25 of the terms herein are to be construed as including the singular form and
vice versa.

Throughout the description and claims of this specification, the words
“comprise” and “contain” and variations of the words, for example

30 “comprising” and “comprises”, mean “including but not limited to”, and are
not intended to (and do not) exclude other components.

it will be appreciated that variations to the foregoing embodiments of the

invention can be made while still falling within the scope of the invention.
35 Each feature disclosed in this specification, unless stated otherwise, may

be replaced by alternative features serving the same, equivalent or similar



It will be appreciated that many of the features described above,
particularly of the preferred enbodi nents, are inventive in their own right
and not jVWOt20HSLIpRet of an enbodi ment of the present i nPEMEPIHINHdEpendent
protection may be sought for these features in addition to or 15alternative
to any invention presently clained. Refédences: (1) Blouin, N.;
Leclerc, M Acc. Chem Res. 2008, 41, 1110-11109. (2) Morin, J.-F.;
Leclerc, M; Ades, D.; Siove, A Macronol. Rapid 20Conmun. 2005, 26,

761-778. (3) Cho, S. H; Song, K  T.:. Lee, J. Y. In ndbook. of Conducti ng
Pol yrmers; SkptIReSE TWPSNEﬁePg?f%PGQFh%M'?@',eaéagg?h@g?ﬁsﬁj B198€ Boca
Raton, Fla, 24HpleVehly of.a geéric 815 of equivalent d) siBiladfemtutes, P. - L. ;

Bl ouin, N.; Leclerc, K/l Adv. Polym Sci. 2008, 212, 2599-124. (5)

Grazulevicius, J. V.; Strohriegl, P.; Pielichowski, J.; Pielichowski, K
Prog. Pol ym Afoif the tfurezsdis¢ipegd i388s specification gayNas ceombineddn:anyec| er c,
M Macgomol e 1 in4fi8rs where at least bofie/Bf slich fBafufes S: H. ;
Cho, S0 3 nE%Bﬁaa@% exycép |n?9'|n.é?§fe¥v, O A P 303, H. W60, BV
Lee, K.; Suhanéforpignmere puivallysaxclusiyr dogarticular, the pegfeiied fealpteseh B2 (9)
E' ”Lnghausit ihvghf?(\é\ﬁ‘allfa&?liéastﬁé It@_@d,asBicﬂd:]df tzb%mmionl\énd\ﬂlgay%iggaar d,

.; Langevel d-Voss, B. W i.ering, . H: . Janssen, R "A. J.;

Vei | er . B iseqa any copbingfion: TKRWISG, fepturRs deskiga s nalpsaRlialsas
35(10) Scher gomdinationstmaibelused sebratelfa(reot.in 200bindtibn)477- 487. - 44 -
(11) Y§6‘armto, T.; Mrita, A ; Myazaki, Y.; Maruyama, T.; Wakayama, H.;
Zhou, Z7 H.; Nakanura, Y.; Kanbara, T.; Sasaki, S.; Kubota, K

Macr onol ecul #swill@ePappreciated thatanany of the features described above,

particularly of the preferred embodiments, are inventive in their own right

and not just as part of an embodiment of the present invention.

Independent protection may be sought for these features in addition to or
15 alternative to any invention presently claimed.
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12435. (15) Mullekom H A M v.; Vekemans, J. A J. M; Havinga,
E. E; Meijer, 10E. W Mater. Sci. Eng.4,f4R. 2001, 32, 1-40. (16) Dennl er,
G ; Scharber, M C.; Brabec, C J. Adv. Mater. 2009, 21, 1323-1338. The
i nvention wl | now be described in nore detail by reference to the

foll ow h 1l ust | h
019 1g\chggi ﬁé ng t8 Tar ofital, WSINMRfL4RI, 9 MaRRANED TOvdlaYaind, ne scope

1.12,7-Di brom) 4Mn|%r} IE L{q uragﬁ%g anb & T Sasi@ ‘?d I§Ubn?t§t Ere of
2, 7-di brono- 9, 10 @PF@’H?@C eh 150 6 mml), ground in fine

powder, in di1eh! eapmidtand.; (TR ﬁmdna@@émcsaahszUﬁzaa@man) vas
added copper nitss5e hem pent ahy rate 30(36.77 g, 158.1 mmol), ground in
fine pgvvder and finally trifluoacetic acid 5351)2/9 cnB, 753 mol ) was added
sl oy~ The ¢i@acSchliter At Bt o/. Wedyrat Sek.ddart é¢ MoGhema801 haf, ed into

wat er (750 cnB).195@& organi c phase was separated and further washed with

vas T emoved. wvé‘éé 25 ki JFSRer i of €l O St 300 717 1Weehano

(45.83 g, yield ¥ % NI\/R(H 300 MHz, CDCI3) : 6 7.69 (d, J = 2.0 Hz,
1H); 7.59 (d(15) ﬁluﬂerr'ﬁ% H. BIM. v.; Vekemans, J. A. J. M.; Havinga, E. E.; Meijer,
10 E. W. Mater. Sci. Eng., R. 2001, 32, 1-40.
(16) Dennler, G.; Scharber, M. C.; Brabec, C. J. Adv. Mater. 2009, 21,
1323-1338.

The invention will now be described in more detail by reference to the
following examples, which are illustrative only and do not limit the scope of
15 the invention.

Example 1

1.1 2.7-Dibromo-4-nitro-9,10-dihydro-phenanthrene

20 Cu(NO,),*2.5H,0
(o S O
T e
DCM
Ac,O
RT, 24h NG,
25 (1.1)

To a mixture of 2,7-dibromo-9,10-dihydro-phenanthrene (50.90 g,
150.6 mmol), ground in fine powder, in dichloromethane (1500 cm3) and
acetic anhydrous (355 cm3) was added copper nitrate hemipentahydrate
30 (36.77 g, 158.1 mmol), ground in fine powder, and finally trifluoacetic acid
(55.9 cm®, 753 mmol) was added slowly. The reaction mixture was stirred
for 16 hours and then poured into water (750 cm’). The organic phase
was separated and further washed with water (3 x 750 cm3) before been
dried over magnesium sulfate. The solvent was removed in vacuo and the
35 crude product triturated into methanol (45.83 g, yield 79.5 %): NMR (*H,
300 MHz, CDClz) : 8 7.69 (d, J = 2.0 Hz, 1H); 7.59 (d, J = 2.0 Hz, 1H);



WO 2011/116866 PCT/ EP2011/000945 - 45 - 7.45 (d, J = 2.0 Hz, 1H); 7.35
(dd, J1 =8.4 Hz, ..12 = 2.1 Hz, 1H); 7.10 (d, J = 8.4 Hz, 1H); 2.82 (s,
4H) . 1. 22W6-2Diness6- 8, 9- di hvdr o- 4H- benzof def | car bazol e PPPEP201R00(IDCB
reflux, 4H A dried flask fitted with a condenser was charged with

2, 7-di br om- 4- ni t r 09, 10- di hydr o- phenant4®ene (1.1) (45.00 g, 383.0 nmol),
trlphenylphosphlne (77.04 g, 262.3 mol ) and 1, 2-di chl or obenzene (235 cnB).
The resulting m xture was refluxed for 4 hours until corrpl etion of
reaction, then was cool ed down t he so t wasre 0., The
crude product-4add. gt 240 a. Jaﬁgﬂd ofir o%’é‘t ﬁr‘é?pﬁg gﬁgﬂ% ¥8é§ 40 to
70: 30; petrokgunet her): 2i82yls, akgt ate as el uent) and then recrystallized in
a mxture of petroleumether (80 - 100 C) and toluene (ca. 1:1). (24.03 g,
yield 57.2 %: NWR (1H, 300 MHz, DMSO) :6 11.09 (s, 1H), 7.46 (d, J= 0.9
Hz, 2H), 7.122(d, 3,6=Dibromez8, 9Pdinyd-2H- bmzommcarbazole
1.3N-(&-octvl-nonyl)-2, 6-D brono- 8, 9-di hydro-benzordefi carbazole (R =
1-octyl'-nonyl) A dried three neck flask fitted w an addition funnel was
charged with 35 2, 6 \omD- 8, 9- di hydr o- 4H benz carbazole (1.2) (3.50

g, 9.97 mol), ﬁdered pot assi um
hydr oxi de (2B BrThe resul OpESY he-resul Bing bated to 45 C -
reflux, 4H

46 -

10 (1.1) . (1.2)

A dried flask fitted with a condenser was charged with 2,7-dibromo-4-nitro-
9,10-dihydro-phenanthrene (1.1) (45.00 g, 383.0 mmol), triphenylphosphine
(77.04 g, 262.3 mmol) and 1,2-dichlorobenzene (235 cm®). The resulting
mixture was refluxed for 4 hours until completion of reaction, then was
cooled down and the solvent wasremoved in vacuo. The crude product was
purified by column chromatography (gradient, 90:10 to 70:30; petroleum
ether:ethyl acetate as eluent) and then recrystallized in a mixture of
petroleum ether (80 — 100 °C) and toluene (ca. 1:1). (24.03 g, yield 57.2 %}:
NMR ('H, 300 MHz, DMSO) : 5 11.09 (s, 1H), 7.46 (d, J = 0.9 Hz, 2H), 7.12
(d, J = 0.9 Hz, 2H), 3.25 (s, 4H).

15

20

1.3 N-(1-octyl-nonyl)-2 6-Dibromo-8,9-dihydro-benzo[deflcarbazole

25
R-OTs, NaOH

DMSO, 45 °C, 18h .
oo B e (5
N
H /k

CBH17 C8H17

30 (1.2)

(R = 1-octyl-nonyl)

A dried three neck flask fitted with an addition funnel was charged with
2,6-dibromo-8,9-dihydro-4H-benzo[deflcarbazole (1.2) (3.50 g, 9.97
mmol), dimethyl sulfoxide (60 cm3) and freshly powdered potassium
hydroxide (2.80 g, 56.1 mmol). The resulting solution is heated to 45 °C

35



bef ore addi ng tol uene-4-sulfonic acid 1-octyl-nonyl ester (initial 4.28 g,
then portionwise 1.00 g every 30 mnutes up to 12.32 g (29.91 nmmol ) in
total ). AVODep11l8e8s6urs, the reaction was poured into di #Cir/HPe@i1vei9es (100
cnB) and the aqueous | ayer was .extracted three tinmes with petrol eum 5et her
(3 x 150 nL). The conbi ned organic frac#Pons were dried over magnesi um

sul fate and the sol vent was renoved under reduced pressure. The crude
product was dissolved in dichloronethane, pre-adsorbed on silica gel, and

bther ot hy! BelIaREdng ENEI A Tatet g 1R BPml g NEAIAIR 8. (3 73 o
yi el d 63.5 Are\BEriohtHiss3DOMrieve 8D Rinute8 B (3.322H29.91 irimél in 2H) ; 4. 24
sz %H)O Hg qu_tézﬁ AfAt|e_p iB%'o%J]rs,(tﬁé rggp:tionlwgg p(omec?mté d?st'r’ﬁéd (Nrgtelzﬁ'fpo; 0.83 (t,
1. 4N- ( 1- Cct vearipand the agubbss (ayet vasextcactadthieel times withdiessaleamol an-
152-ylk- 8, 9- g}ﬁ%gﬁ ?@@ﬁﬂ_?d?ma%‘;ﬂlarp?@é@%?rganic #20tidhé Reré arBd ettom fl aks

was char ged “(1=octyl-non

di br ono- 8, 9- Magnestimenifaieiand e Balventwes remoyed smges redICRePIeEBYIE- and
tet rahydr of URRR drffe PrBAuct Wes HRSBIVEUNE disHIsonfth4as, srechdsbrieant o - 78 C,
then n-butyllithium exa

I ] 2. 5M.Ln es .00 cnB, 12, 52 .. I / added
dropwi se oveflliegget #pd,pyEted $H§°ﬂ'|r9{t" Ggéomé’g&?h‘yr %aggrE?@O\éﬁ?%r 3030
m nutes, thego20 pewolenoxgtheritbyladetateaaseelbgit) teSyliingliraafiewbitane (2. 74

cnB 13. mol_ ). d [ i ely) tyer dhtponal 1
hour atﬁf?S é°?"i‘\r,1\§s7r§§u?@§i§8n§w ﬁu’&@évxggv%vgp ﬂh‘gt S%quz‘%ﬁ@a? ure and
stirred for Z.tb(s,RH)THR4(mt U} 3488 ($.rEm); 2olit éd, 2iH).ol -8y, 2Hx1 2dct ed with
di et hyl et her, te and i er magnesi um 35sul fate. The sol vent
was renoved Lgmf 2?“)@%’??2(& ‘{)r gggm}ig nd the residue was purified by
recrystallisation from nethanol : acetone (ca. 3:1) -47 - to obtain the
title product; s ape{f-Odiyiteoriiy36abibi(as 5 6ltettatm2iDg-[4,3, 2didxdbotolénd) : NVR
(1H, 30Q MHz, | :d67b%9 de% : 71e46 (s, 2H); 4.50 (m 1H); 3.34 (s,
4H); 2.26(m R o —~24H), 1.21 (m 24H); 0.82 (t, J =
6.8 Hz, 6H).
1. 5Pol VvE2, 6- (N- (1- Cct vl - nonvléﬁ@- di hydr o- benzol . def | car bazol e)-al t -
B—O
o)

(0= o e A 0
Br ———— B B
e aY, A UaWa
THF o 0
N

N -78 °C, 1H

CH )\can CeH /kc H

8 17 8 "7 8' 17

(1.3) (1.4)
25 A dried round bottom flaks was charged with N-(1-octyl-nonyl)-2,6-
dibromo-8,9-dihydro-benzo[deflcarbazole (1.3) (3.600 g, 6.107 mmol) and
tetrahydrofuran (60 cm3). The resulting solution was cooled down to -78
°C, then n-bufyllithium (2.5M in hexanes, 5.00 cm?, 12.52 mmol) was
added dropwise over 10-15 minutes. The mixture was stirred at —78 °C for
30 minutes, then 2-isopropoxy-4,4,5 5-tetramethyl-1,3,2-dioxaborolane
(2.74 cm® 13.44 mmol) was added rapidly to the solution. After an
additional 1 hour at —78 °C, the resulting mixture was warmed to room
temperature and stirred for 2 hours. The mixture was then poured into
water, extracted with diethyl ether four times and dried over magnesium
sulfate. The solvent was removed under reduced pressure, and the
residue was purified by recrystallisation from methanol:acetone (ca. 3:1)

30
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5,5-(4,7-di-2'-thienvl-2, 1, 3- benzot hi adi azol e) 1 C8 7C8H17 (1.4) 15

Pd2dba3 P(o-Tol)3 Tol uene 202M Na2CQO3 25The synthesis of the conononer
4, 7-di (2'wWbronmtibgeen- 5' -yl ) -2, 1, 3- benzot hi adi azol e non®cEEPRGI10e9¢F | bed i n
the literature, for exanple in WO 2000/ 046321 Al. In a dried flask,

N (1- Cctyl - nonyl ) - 2, 6- bi s- (4, 4, 5, 5- t etT4fret hyl -

to obtain the title product as a off-white crystalline solid (2.99 g, yield
71.6 %): NMR (*H, 300 MHz, CDCls) : 8 7.69 (s, 2H); 7.46 (s, 2H); 4.50
(m, 1H); 3.34 (s, 4H); 2.26(m, 2H), 1.92 (m, 2H); 1.38 (s, 24H), 1.21 (m,
24H); 0.82 (t, J = 6.8 Hz, 6H).

5
1.5 Poly[2.6-(N-(1-Octyl-nonyl)-8,9-dihydro-benzo[deflcarbazole)-alt-
5.5-(4,7-di-2’-thienyl-2,1,3-benzothiadiazole)]
N/S\N
0 o C ) o \
iﬁf‘\o YD 7]
o)
N Br S S Br
CBH17/kC8H17
(1.4)
15
Pd,dba,
P(o-Tol),
Toluene
20 2M Na,CO,
CgH,y7 CgHy, (1.5)

25 The synthesis of the comonomer 4,7-di(2'-bromothien-5'-yl)-2,1,3-
benzothiadiazole monomer is described in the literature, for example in
WO 2000/046321 A1.

In a dried flask, N-(1-Octyl-nonyl)-2,6-bis-(4,4,5,5-tetramethyl-

30 [1,3,2]dioxaborolan-2-yl)-8,9-dihydro-benzo{deflcarbazole (1.4) (546.9 mg,
0.8000 mmol), 4,7-di(2'-bromothien-5-yl)-2,1,3-benzothiadiazole (366.6
mg, 0.8000 mmol), tris(dibenzylideneacetone)dipalladium(0) (3.7 mg,
0.0040 mmol), tri(o-tolyl)phosphine (4.9 mg, 0.0160 mmol) and Aliquat
336 (100 mg) were dissolved in degassed toluene (8.0 cm®) and degassed

35 aqueous 2.0 M potassium carbonate (3.2 cm3). The reaction mixture was
vigorously stirred at 100-105 °C for 21 hours. The polymer was purified by



30[ 1, 3, 21di oxabor ol an- 2-y1) -8, 9-di hydr o- benzo[ dei carbazole (1.4) (546.9 ny,
0.8000 mol ), 4,7-di(2'-bronothien-5-yl)-2,1, 3-benzot hi adi azol e (366.6 ng,
0. 8000 neDRI1YMHEdi benzyl | deneacet one) di pal | adi un{0) @8TEP2¢L1/000999D40
mmol ), tri(o-tolyl)phosphine (4.9 ng, 0,0160 mmol) and Aliquat 336 (100 nm)
wer e di ssolved in degassed tol uene (8. 04%n8) and degassed 35aqueous 2.0 M
pot assi um carbonate (3.2 cnB). The reaction m xture was vigorously stirred
at 100- 105C for 21 hours. The polyner was purified by WO

2011/ 116866PCT/ EP2011/.000945 t t t hanol
(10: 1), fult@ﬁ@@l%‘&nwﬁ%’é@ tﬁgﬂe‘frwfitg Ion n OQE&&@%B%H" yth

acet one, pet yjal Suuniet dxradtidd witd @defone, patfolelmhoetbfemr(aﬂ —THE0 8@}, @nadlf or m

fract duced t
mehanol (508 BHaprhge SRR Qi okt BN R PP RIBEVBLER B0 " D e,
vacuum at 25v£bmand|pgatnlptt@tedflﬂtﬂ chethanal i(P0@ cpy dehﬁ pregaitated polysrer 559 :

M = 850 kg.gm %rﬂtﬂ)égvandﬂo@re% llﬁ%é[mﬂah unf 98%5 %%@rﬁl?ﬁﬁﬁ%ﬂf&d%é&ﬂb 553 nm

(chI orobenzene eterojunctipn o

\%]\fa:l ?( XO tal C
devi ces (opvgyowcé(?r%zomgaa/ﬂ%ia 55 % M B Oka Mel t &y Bwichg kerBeled

15Pat t erned 5pging(ddiid aété;esssﬁ@(&ﬂ@m@nqéﬁé)s substrates (Lum nescence
Technol ogy Corp.) are used as a transparent bottom el ectrode. PEDOT: PSS

(devios PVP A14083, H.C Stark) is blade coated froman agueous sol ution
onto the substrates and dried at 130C on a hotplate for 30 m nutes. The

resul _thﬁg pogéaﬁr Iéa}ié_er is approximately 40 nmthickness. 20Sol utions

containrng p 5) of Exanple 1A and PC61BM (6, 6-phenyl C61 butyric
acid nethyl ester, from Solenne BV) at a total solid concentration of 23

my.cm3 in OB‘?J'H{:Hé@r aﬁaﬁ&ﬁ‘gré’é’lﬂc Pﬂﬂfﬁoﬂbl&%&dﬁpvgﬁ@ﬂe falriehted

di i odooct ane are pre ive materi al ointhe blend is 1:3
pol ymer (1. 5pceerdingsiaaine fPHQngeH'EPqeguffepom ted by bl ade 25coating onto
PEDOT: PSS | ayer and dried for 2 mnutes at 70 C. The active |ayer thickness

mtor 4B, - caPAterRd iy Y af AR S M Ll B ettt
evapor at i on flechnglogy Gorpdoarernssid aartranspatesitttmitont klecioder i stics were
measured usi pERFOHDES! BYeIOPVEVRIAMYEI, &1 ENGtaRO]iéblade coated from an

aqueous solution onto the substrates and dried at 130°C on a hotplate for
30 minutes. The resulting polymer layer is approximately 40 nm thickness.

20 Solutions containing polymer (1.5) of Example 1A and PCs/BM (6,6-phenyl
C61 butyric acid methyl ester, from Solenne BV) at a total solid
concentration of 23 mg.cm™ in o-dichlorobenzene and containing an
additional 3% of diiodooctane are prepared; the active material ratio in the
blend is 1:3 polymer (1.5) to PCe:BM. The blend is deposited by blade

25 coating onto PEDOT:PSS layer and dried for 2 minutes at 70 °C. The active
layer thickness is about 140 nm. Devices are completed by depositing a top
electrode material, Calcium (30 nm) / Aluminium (200nm), by sequential
thermal evaporation through a shadow mask. Current-voltage
characteristics were measured using a Keithley 2400 SMU while the solar

30 cells were illuminated by a Newport Solar Simulator at 100 mW.cm ™2 white
light. The solar simulator was equipped with AM1.5G filters. The
illumination intensity was calibrated using a Si photodiode. All the device
preparation and characterisation is done in a dry-nitrogren atmosphere.

35



30cells were illumnated by a Newport Solar Sinmulator at 100 mMNcm 2 white
light. The solar sinmulator was equi pped with AML.5G filters. The

i1l um natworroiwiiesssi ty was cal i brated using a Si phot odiP6a&EP20M1/0069%%2 devi ce
preparation and characterisation is done_in a dry-nitrogren atnosphere. -
49 - Power conversion efficiency is caff@ul ated usi ng the foll ow ng

expr essi on g = Vc,c x Jsc X FF / Pin where FF is defined as FF = Vmax
X Jmax / Voc X Jsc The follow ng device performance was obtai ned. Voc = 730
nv, Jsc = -6.38 mA, FF = 0.44, ri =2 1 % .,10The,c ent density versus
vol tage of ¢ Revige GppuSTSIO ey iFicl5Liated LSt ihedolioiving expression

2. 1N-Cctyl-2, 6-di b,g&my 8x94di pyeFg-pH- benzof def | car bazole 15 A dried
flask fitted with & cof8ens&r was charged with 2, 6-di brono- 8, 9-

di hydr o- 4H bemeod &&fis clefibeddse (1.2) (3.50 g, 9.97 nmol), bronooctane (1.9
cnB, 11.0 mmol). _tetrapugyl i, um brom de (0.161 g, 0.500 mmol), freshly
powder gd sodi lﬁ%ﬁ- h'yﬁmax? G(Xg%d,sc 19.9 mmol ) and acetone (100 cnB). The
resulting solution was reflux for 4 hours and then poured into distilled
wat er (100 cnB). The resulting solution was extracted w th dichl oronet hane
(3 x 200 cnBYheTatowingisiewer beHarnanse wesiabtaingdr e dri ed over magnesi um
sul fate and {he-salovat Jyes -6 88avWAd FENEora4, edugedypr essure. The crude
product was di‘ésol’ved in dichl oronethane, pre-adsorbed on silica gel, and
purified by col um chromatography (90:10 petrol eum ether:ethyl acetate as
el uent ), o esulThiendurieht depbity weisus waitaige. of(the 28vige igistbun7ia Figede TNVR (1H,

300 , CDCI3) : 6 7.26 (s, 2H); 7.08 (s, 2H); 4.06(t, J= 7.1 Hz, 2H);
3.22 (s, 4H); 1.81 (m 4H); 1.28 (m 10H); 0.86 (t, J = 6.8 Hz, 3H).
Example 2A

2.1 N-Octyl-2,6-dibromo-8.9-dihydro-4H-benzo[deflcarbazole

15
CgH,,-Br, NaOH

. Acetone, reflux, 4h .

N N
H |

C8H17
20 (1.2)

2.1)

A dried flask fitted with a condenser was charged with 2,6-dibromo-8,9-
dihydro-4H-benzo[deflcarbazole (1.2) (3.50 g, 9.97 mmol), bromooctane
(1.9 cm?®, 11.0 mmol), tetrabutylammonium bromide (0.161 g,

0.500 mmol), freshly powdered sodium hydroxide (0.798 g, 19.9 mmol)
and acetone (100 cm3). The resulting solution was reflux for 4 hours and
then poured into distilled water (100 cm3). The resulting solution was
extracted with dichloromethane (3 x 200 cm3). The combined organic
fractions were dried over magnesium sulfate and the solvent was removed
under reduced pressure. The crude product was dissolved in
dichloromethane, pre-adsorbed on silica gel, and purified by column
chromatography (90:10 petroleum ether:ethyl acetate as eluent) resulting
in a off-white solid. (3.29 g, yield 71.2 %): NMR ('H, 300 MHz, CDCls) : &
7.26 (s, 2H); 7.08 (s, 2H); 4.06(t, J = 7.1 Hz, 2H); 3.22 (s, 4H); 1.81 (m,
4H); 1.28 (m, 10H); 0.86 (t, J = 6.8 Hz, 3H).
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2.2N-(1-Cctyl -nonvl)-2,6-bis-(4,4,5,5-tetranethyl-f1 3, 21di oxabor ol an-

9- di hydr owbenudilesss| car bazole B-0 0 ) BuLi / .10-...._ BBTEHEHA00945 - 0/ \ OK
N78 C, 1HN Il C8H17C8H17 10 (2.1)(2.2)_A dried round bottom flaks was
charged with N-Cctyl-2, 6-di brono-8, 9- o@@lydro 4H benzo[ det] carbazole (2.1)
(2.800 g, 6.044 nmol) and 15t etrahydrofuran (60 cnB). The resulting

sol ution was cool ed down to -78 C, then n- butylllth| um (2. 5Min hexanes,

\A,\'IaSSStCIW?r 652 39 mmp! ) oSy agdel o d Ps— {1 glé <§loxaborolarpw-xt ure

2-i sopr opoxy241)48 B.dhydrorsemtdiydAdarBaZeldi oxabor ol ane

; sy

(o
oS v
THF
N -78 °C, 1H

8 "7 817

10
(2.1) (2.2)

A dried round bottom flaks was charged with N-Octyl-2,6-dibromo-8,9-
dihydro-4H-benzo[def]jcarbazole (2.1) (2.800 g, 6.044 mmol) and

15 tetrahydrofuran (60 cm3). The resulting solution was cooled down to -78
°C, then n-butyllithium (2.5M in hexanes, 4.95 cm3, 12.39 mmol) was
added dropwise over 10-15 minutes. The mixture was stirred at =78 °C for
30 minutes, then 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
(2.71 cm®, 13.30 mmol) was added rapidly to the solution. After an

20 additional 1 hour at —78 °C, the resulting mixture was warmed to room
temperature and stirred for 2 hours. The mixture was then poured into
water, extracted with diethyl ether four times and dried over magnesium
sulfate. The solvent was removed under reduced pressure, and the
residue was purified by column chromatography (gradient, 98:2 to 90:10,

25 petroleum ether:ethyl acetate with 2% triethylamine as eluent) followed by
recrystallisation from methanol:acetone (ca. 3:1) to obtain the title product
as a off-white crystalline solid (0.899 g, yield 26.7 %): NMR (*H, 300 MHz,
CDCls) : 8 7.66 (s, 2H); 7.47 (s, 2H); 4.29 (t, J = 7.3 Hz, 2H); 3.34 (s, 4H),
1.90 (m, 4H); 1.38 (s, 24H), 1.25 (m, 10H); 0.82 (t, J = 6.7 Hz, 3H).

30 .
2.3 Poly[2,6-(N-Octyl-8,9-dihydro-benzo[deflcarbazole)-alt-5,5-(4, 7-di-
2’-thienyl-5,6-bis-octyloxyl-2,1,3-benzothiadiazole)] (2)

35



(2.71 cnB, 13.30 mmol ) was added rapidly to the solution. After an
20additional 1 hour at -78 C, the resulting m xture was warned to room

t enper at We 2andiisgebr red for 2 hours. The m xture was theaTEPe12600094% O
water, extracted with diethyl ether four tinmes and dried over magnesi um
sul fate. The sol vent was renoved under- ?&duced pressure, and the residue
was purified by colum chronmat ography (gradient, 98:2 to 90:10, 25

petrol eum et heret hyl acetate with 2% tri et hyl am ne as el uent) followed by
recrystallisation from nmethanol:acetone (ca. 3:1) tosgbtain the title
product as a off- V\/mte C II|ne 80|I (0 899 g, eNd 26.7 %: NWVR (1H,
300 mMHz, CDC 0.6 7/ 7.3 Hz, 2H);
3.34 (s, 4H): 90‘%m\4; sB,\Z ,+1. /é2|(t J= 6.7 Hz,
3H). 30 o o

2 3Pol v[ 2, 6- (N-Cctv1-8, 9- dnhvdro benzofdef?car Z(F ke) - & 5 5- F4 7-di -
-thlﬁnvl 5, 6- bi s-oct vl ox¥sth2, 1, 3- benzot hi adi aZbl’e) | (28 WO
2011/ 116866PCT/ EP2011/ 0009?52 51 - (2.2) 15The synthesis of the
conononer 4, 7-di (2'-bronot 'gn 5'-y1)-5, 6-Dbi

octyl oxyl-2, 1, 3-benzot hi adi azol e i s-descrifped\iin the literature, for
exarrpl ein Q n, R; ; N/ ~Jeit, C.; Schleiermacher,

H -F. Andersson, M ; 0.; Werfel, U.; Zhang, F.
J. Am Chem Soc.

10

15 The synthesis of the comonomer 4,7-di(2"-bromothien-5"-yl)-5,6-bis-
octyloxyl-2,1,3-benzothiadiazole is described in the literature, for example
in Qin, R.; Li, W.; Li, C.; Du, C.; Veit, C.; Schleiermacher, H.-F_;
Andersson, M.; Bo, Z_; Liu, Z.; Inganas, O.; Wuerfel, U.; Zhang, F. J. Am.
Chem. Soc. 2009, 131, 14612-14613.

20
In a dried flask, N-(1-Octyl-nonyl)-2,6-bis-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-8,9-dihydro-benzo[def]carbazole (2.2) (431.9 mg,
0.7740 mmol), 4,7-di(2"-bromothien-5'-yl)-5,6-bis-octyloxyl-2,1,3-
benzothiadiazole (653.1 mg, 0.7740 mmol),

25 tris(dibenzylideneacetone)dipalladium(0) (3.5 mg, 0.0038 mmol),
tri(o-tolyl)phosphine (4.7 mg, 0.0155 mmol) and Aliquat 336 (100 mg)
were dissolved in degassed toluene (8.0 cm’) and degassed aqueous 2.0
M potassium carbonate (3.1 cm?). The reaction mixture was vigorously
stirred at 100-105 °C for 21 hours. The polymer was purified by

30 precipitation into methanol:water (10:1), filtered and washed sequentially
via Soxhlet extraction with acetone, petroleum ether (80 — 100 °C), and
chioroform. The chloroform fraction was reduced to a smaller volume in
vacuo and precipitated into methanol (500 cm’). The precipitated polymer
was filtered and dried under vacuum at 25 °C overnight to afford the title

35 product (604 mg, yield 91 %): M, = 36.7 kg.mol”, My, = 141.1kg.mol™". Amax
= 565 nm (solid state), 542 nm (chlorobenzene).



a dried fl ask,
N-(1-Cctyl -nonyl)-2,6-bis-(4,4,5,5-tetranet hyl [1, 3, 2] di oxaborol an-2-y1)-8,9
- di hydr o-wenpojudefopcar bazol e (2.2) (431.9 nmg, 0.7740 nmMPCX/EP2011/000945
4,7-di(2'-bronnthien-S'-yl)-5,6-bis-octgloxy1 2,1, 3- benzot hi adi azol e
(553.1 ng, 0.7740 mmol ), 25tris(di benzy 2deneacetone)d|PaIIadlun(O) (3.5

0.0038 mmol ), tri(o-tolyl)phosPhine (4.7 ng, 0.0155 nmmol) and Al i quat
336 (100 mg) were dissolved in degassed toluene (8.0 cnB) and degassed
aqueous 2.0 M potassium carbonate (3.1 cnB). The reaction m xture was
vigorously stirred at 100-105 C for 21 hours. The polynmer was purified by

30pr eci pi t at Egambplg 2BMet hanol : water (10:1), filtered and washed
sequentially via Soxhl et extraction with acetone, petroleumether (80- 100
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Al um ni um (2 sequ ermal evaporation through a shadow
mask. Curr entthlamenglé aﬁmﬂé@@amsDiewes are completed by depositing a top

electrode material, Calcium (30 nm) / Aluminium (200 nm), by sequential

20 thermal evaporation through a shadow mask. Current—voltage characteristics
were measured using a Keithley 2400 SMU while the solar cells were
illuminated by a Newport Solar Simulator at 100 mW.cm ™2 white light. The
Solar Simulator was equipped with AM1.5G filters. The illumination intensity
was calibrated using a Si photodiode. All the device preparation and

25 characterisation is done in a dry-nitrogren atmosphere.

Power conversion efficiency is calculated using the following expression
=V, X Jge X FF/ Py,

where FF is defined as

30
FF = Vmax X Jmax / VOC X JSC
The following device performance is obtained.
Voe =720 MV, Jsc =-5.11 mA, FF=0.34, n = 1.72 %.
35

The current density versus voltage of the device is shown in Figure 2.



were neasured using a Keithley 2400 SMJ while the solar cells were

i1 lumnated by a Newport Solar Sinulator at 100 nWcm2 white |ight.
Sol ar Si meiDapar11eses equi pped with AML.5G filters. The i PCHAPR@LI000945
intensity was calibrated using a Si photodi ode. Al the device preparation
and 25characterisation is done in a dry53\i-trogren at nosphere. Power

conversion efficiency is calculated using the foll ow ng expression

.9

The

\/,,c x Jsc x FF / Ph, where FE is defined as 30FF = Vmax x Jmax / Voc X
Jsc The followi ng device performance i s tained. Voc = 720 nmV, Jsc
m\, FF = 0.34, g= 1.72%
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wherein Ais on each occurrence identically or

differently a grpgg,nepér ol Il |

*‘{'(A)X—‘(Af)ﬂn’* |
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wherein

A

R® and R®

Ar

is on each occurrence identically or differently a group
of formula Il

G5

|
R

is on each occurrence identically or differently H,
halogen, a straight-chain, branched or cyclic alkyl with 1
to 35 C atoms, in which one or more non-adjacent C
atoms are optionally replaced by -O-, -S-, -CO-, -CO-O-
, -0-CO-, -0-CO-0-, -CR’=CR- or -C=C- and in which
one or more H atoms are optionally replaced by F, Cl,
Br, l or CN, or R is an aryl, heteroaryl, aryloxy or
heteroaryloxy group having 2 to 40 C atoms, and R is
optionally substituted by one or more non-aromatic
groups R’,

are independently of each other H or an optionally
substituted carbyl or hydrocarbyl group optionally
comprising one or more hetero atoms,

is on each occurrence identically or differently -
CY'=CYZ%, -C=C- or an aryl or heteroaryl group that is



20Ri s on each occurrence identically or differently H, £ hal ogen, a

strai ght-chain, branched or cyclic alkyl with 1 to 35 C atons, in which one
or nore man-2adjaessit C atons are optionally replaced byPCOAEP201500094C0O |
-00-0- , -0-CO, -0-00-0-, -CR=CR- or -£4C and in which 25one or nore H
atons are optionally replaced by F, d, Br, | or CN, or Ris an aryl,

het eroaryl, aryl oxy or heteroaryl oxy group having 2 to 40 C atons, and Ris
optionally substituted by one or nore non-aromatic groups Rl, 30 R and R
are independently of each gptisialky %sﬁ&t@@b&%éﬂméb@?hdﬂ@ﬂ%rﬂif byl or
hydr ocar byl group optionally conprising one or nore hetero atons, WO
2011/ 116866PCT/ EP2011/ 000945 - 54 - optionally substituted by
one or nore groupsaRdor’ Rlarevihdepend@atheof eakpetheeht, IF Gifor@@h ot her H, F,
C or CN, 5Rlis on each occurrence identically or differently H, hal ogen,
-CN, -NC, -NCO, -NCS, -QOCN, -SCN, - C(=0)NRR, -C(=0)X, -C(=0)R, -NH2, -NRR,
-SH, -8R -S03H R!S2R, - O on Raeh ocomdencesidentiopty endiffetendlyddt i t ut ed

silyl, carbyl or hydrocarbyboaehn-ANt NEONcAONEBE-HERL -SeNeRt i onal |y
substituted and optional |y coiprises one or ,more hetero atong, oor .P-Sp-, is

e 0
a pol ynerisabl e group, 15Sp(TONBIRcerCH@Np. S(EPIR nd‘f'évaH%IROXi@"hal ogen,
-SR?, -SO3H, -SO,R°, -OH, -NO,, -CF3, -SFs, optionally

substituted silyl, carbyl or hydrocarbyl with 1 to 40 C
10 atoms that is optionally substituted and optionally
comprises one or more hetero atoms, or P-Sp-,

P is a polymerisable group,
15 Sp is a spacer group or a single bond,

x° is halogen,

L has on each occurrence identically or differently one of
20 the meanings given for R or R',

r is0,1o0r2,

X is on each occurrence identically or differently 0 or 1,
25 wherein in at least one repeating unit [(A)x-(Ar)y] x is 1,

y is on each occurrence identically or differently 0 or 1,

n is an integer > 1.
30

2. Polymer according to claim 1, selected of formula la
Rz%—(A)x——(Ar)A—R3 lla
n

35

wherein A, Ar, n, x and y have the meanings of claim 1, and



has on each occurrence identically or differently one of 20t he neani ngs
given for Ror RL, is 0, 1 or 2, is on each
occurrencwoidantisssal |y or differently 0 or 1, 25wher ei npPCm/ERR011A®YS One
repeating unit [(A)x-(Ar)y] x is 1, is on each occurrence identically or
differently 0 or 1, is an integer > 1.-29Polyner according to claim1,
selected of formulala R [ (Ax (Ar)y L R3ila wherein A, Ar, n, x and y

have the neanings of claiml1l, and - 55 - R2 and R3 have independently of
each other one of the neanings of R1L in claim1, or denote H, -CH2Cl, -CHO
-CH=CH2, -SiRR'R'', - SnRR'R', -BRR', -B(OR)(OR'), -B(OH)2, or P-Sp,

V\/Perei R Pt ﬁnd SIORara]‘jhdaﬁ3 Haleé ﬂﬁbpﬁ?@éﬁtly@lﬂéa& othér @@oﬂhehﬂéenmgdeﬁendfent ly
of each ot her ong;0 may al so
forma ring toge%ﬁéﬁ’ c dq{gﬁ%ﬂ) 5&3#1'% bﬁﬁ? bﬁ?(ﬁgﬁ" @%Iﬁg R ached.

1:)[’:, rol yrrelr kaccoSdR‘I@"Rb BRéan B(@R)EOR\}\)heB@H)zRolr B-8p owhersinPeantr | ergry

al kyl gr al koxy wit ‘96?“% c & TN apITE to
30 C atons, or t tél}gjastg?@%oca% ndR @%ﬁR r%béﬂa?‘% V\H\éﬁrfel nin
all these gr oupseenbomerm%om@cmﬁanmgé erﬁ ipreiimy 1 rand Reand iy’ may 15

4. Pol ymer accor dhpg, fofm@ Ahgt @the2wutwftﬁé¢ielfer8 atdnt 8Qch R aré? or
-OCO R, wherein RY I's straight-chain, branched or cyclic alkyl with 1 to

30 C atom; i n wattagh %‘i‘re or nore non- adj acent C atons are optionally
repl aced by -0-, -S, - , -00-0-, -0-00-, -0-00-0-, 20-CR=CR- or -C—C—

& or Y (a3 SP&P"&m”ﬁ"r&cF%éﬁ&%h G % 2 Yt Lo v
unsubstitut ed or atkybet atkexgavity1 ém30ds atmne, sesendaonalkylorgalbopswith 3as
o 000 ' $L "0 i a1y W $10 BT i a1 1 (0 4
wherein in all these groups one or more H atoms are optionally
replaced by F.
15
4. Polymer according to claim 1 or 2, wherein R is -CO-RY, -CO-O-RY,
or -O-CO-R’, wherein R is straight-chain, branched or cyclic alkyl
with 1 to 30 C atoms, in which one or more non-adjacent C atoms
are optionally replaced by -O-, -S-, -CO-, -CO-O-, -O-CO-, -O-CO-O-,
20 -CR%=CR%- or -C=C- and in which one or more H atoms are
optionally replaced by F, Cl, Br, | or CN, or R is aryl or heteroaryl
having 2 to 30 C atoms that is unsubstituted or substituted by one or
more non-aromatic groups R' as defined in claim 1.

25 5. Polymer according to one or more of claims 1 to 4, wherein Ar is a
unit of formula Il

-Ar'-Ar-Ar- 1l
30 wherein Ar' and Ar? are independently of each other selected from

the group consisting of the following formulae and their mirror
images

35



-Arl-Ar3-Ar2-111 30wherein Arl and Ar2 are independently of each other
sel ected fromthe group consisting of the follow ng formulae and their
mrror insiges1/ME368011/ 116866PCT/ EP2011/ 000945 - 56 - PCTAZnad100@4Df Arl
and Ar2 may al so be a single bond, Ar3 Ié sel ected fromthe group

consi sting of thieno[3, 2- b]thlophenez 5 (Y

t hi eno[ 2, 3- b] t hi ophene- 2, 5-di yl, selenopheno[3,2- b] sel enophene- 2, 5-di yl,
sel enophenol 2, 3- b] sel enophene- 2, 5- din

20sel enophenol[ 3, 2- bLthIOp gne-
2,5-diyl, benzo[1, : | di
d]S|IoIe 5, 5-diyl,
carbazole-2,7-diy|,
b] di t hi ophene-2, 7-diy enzo[T"
25,b: 3,2 -bIthiophene? 2, 7-diyl
diyl, ghenanthro[lR 0,

benzo[ 1, 3]t hi adi az
benzo[ 2, 1, 3] oxadi azo /e-
t hi eno[ 3, 4- b] pyrazin

, Fﬁﬁaceno[l 2-b: 5, 6-bl di t hi ophene- 2, 7-
S%C d, e, f, g] carbazol e-2, 7-di yl,
din, benzo[2,1,3]selenadiazole-4,7-diy|,
gyl, 2H benzotriazole-4,7-diyl,
gui noxal i ne-5, 8-diyl, thieno[3, 4-
30b] t hi ophene-4, 6-di vyl 3, 4- b] t hi ophene-6, 4-diyl, pyrrolof3, 4-
c] pyrrol e-1, 4-di one- 3, 6- , éqS]thiazoIo[5,4-d][1,3]thiazole-2,5-diyl,
t hi eno[ 2, 1, 3]t hi adi azol e-2, 5-di yl , »
2-thiayh 3,5,8-tet opent a napht$
t hi eno['3, 4-c] pyrrol ex4, 6
nono- or pol ysubstit ed\ /

al ene-4,9-diyl,
whi ch are unsubstituted, or

15 and one of Ar' and Ar* may also be a single bond,

Ar® is selected from the group consisting of thieno[3,2-b]thiophene-
2,5-diyl, thieno[2,3-b]thiophene-2,5-diyl, selenopheno|3,2-
b]selenophene-2,5-diyl, selenopheno[2,3-b]selenophene-2,5-diyl,

20 selenopheno[3,2-blthiophene-2,5-diyl, selenopheno[2,3-b]thiophene-
2,5-diyl, benzo[1,2-b:4,5-b'ldithiophene-2,6-diyl, dithieno[3,2-b:2’,3'-
dsilole-5,5-diyl, 4H-cyclopenta([2,1-b:3,4-b’]dithiophene-2,6-diyl,
carbazole-2,7-diyl, fluorene-2,7-diyl, indaceno[1,2-b:5,6-
b'ldithiophene-2,7-diyl, benzo[1",2":4,5;4",5":4",5"]bis(silolo[3,2-

25 'b:3',2"-b'lthiophene)-2,7-diyl, indaceno[1,2-b:5,6-b]dithiophene-2,7-
diyl, phenanthro[1,10,9,8-c,d,e,f,glcarbazole-2,7-diyl,
benzo[2,1,3]thiadiazole-4,7-diyl, benzo[2,1,3]selenadiazole-4,7-diyl,
benzo[2,1,3]oxadiazole-4,7-diyl, 2H-benzotriazole-4,7-diyl,
thieno[3,4-blpyrazine-2,5-diyl, quinoxaline-5,8-diyl, thieno{3,4-

30 b]thiophene-4,6-diyl, thieno[3,4-blthiophene-6,4-diyl, pyrrolo[3,4-
c]pyrrole-1,4-dione-3,6-diyl, [1,3]thiazolo[5,4-d][1,3]thiazole-2,5-diyl,
thieno[2,1,3]thiadiazole-2,5-diyl, 2-thia-1,3,5,8-tetraaza-
cyclopenta[b]naphthalene-4,9-diyl, thieno[3,4-c]pyrrole-4,6-dione-
1,3-diyl, all of which are unsubstituted, or mono- or polysubstituted

35 with R as defined in claim 1, 3 or 4, and preferably the substituents R
are selected from alkyl, alkoxy, thioalkyl, fluorinated alkyl and



35with R as defined in claiml1, 3 or 4, and preferably the substituents R
are selected from al kyl, al koxy, thioal kyl, fluorinated al kyl and - 57 -
fluori nateo 2alkigsgeéwi th 1 to 20 C atons, Ra-ci have one POI/EPR@E1/08605 ngs
given for RL in claiml1, and if being dlfferent fromH then preferably
selected from al kyl, al koxy, t hi oal kyl : 5fl-uori nated al kyl and fl uori nated
al koxy with 1 to 20 C at ons, preferably Ra and Rd have the sane neaning
and/or Rb and Rc have the sane meaning, very preferably Ra and Rd denote H
and Rb and Rb are different fromH furt referably RI' and Rc denote H
and Ra and Rd ar Bugiinatedealkoxy wihy t 062(#67!@/‘9@% accor di ng to claim5, wherein
the unit of formula Ill is selected of formula Illa wherein Ar3, Ra,

Rb, R d Rd a def i ned I 5, t dent | f
cach other 0. o B davesty of It GeBbMesaEhis B 'Ha%%ﬁfﬁ 5@%@6&@%?29 and
very preferably diffesest fioni7tHRbey peefenatpselasted troonalkpl; aloxy, tfioakyi ns 1 to
6, wh A

sel enggﬁleﬂe r2 gngS*lﬁ&iehﬁdalf(ﬂ%&@@%rﬂ{dﬁéﬁa E?Ievﬁgt EQ%QBCEr?t%rBﬁen@ 2,5-diyl,

t hi enol 2, 3- b]th.p@fﬁéawy?@rm hay@lteﬂéaﬁ@wmpanm PERonerR- bave di yi |
sel enopheno[ 2, 3- p}seh nfbieferabf} RAQRAROdehate H and R® and

penzol 1. 2. b: 4. 5. dfélafetqiﬁ “e”ﬂ@?wﬁ#prg*eﬁ@ 1F: Spp B denstoH and R
di sel enophene, dighki Rﬁa{e?dﬁfeberﬁ fr@hHl] silole-5,5-diyl, 4H
10
6. Polymer according to claim 5, wherein the unit of formula il is
selected of formula llla

RC
15
X! Ar3z—;\g\ llia

20

wherein Ar’, R?, R®, R and R are as defined in claim 5, and X', X?
denote independently of each other O, S or Se, preferably both X!
and X? have the same meaning and very preferably denote S.

29 7. Polymer according to one or more of claims 1 to 6, wherein Ar is

selected from the group consisting of selenophene-2,5-diyl,
thiophene-2,5-diyl, thieno[3,2-b]thiophene-2,5-diyl, thieno[2,3-
b]thiophene-2,5-diyl, selenopheno[3,2-b]selenophene-2,5-diyl,
selenophenolf2,3-b]selenophene-2,5-diyl, selenopheno(3,2-
bjthiophene-2,5-diyl, selenopheno[2,3-b]thiophene-2,5-diyl,
benzo[1,2-b:4,5-b']dithiophene-2,6-diyl, 2,2-dithiophene, 2,2-
diselenophene, dithieno[3,2-b:2’,3'-d]silole-5,5-diyl, 4H-
cyclopenta[2,1-b:3,4-b’]dithiophene-2,6-diyl, 2,7-di-thien-2-yl-
carbazole, 2,7-di-thien-2-yl-fluorene, indaceno[1,2-b:5,6-
b'ldithiophene-2,7-diyl, benzo[1",2":4,5;4",5":4' 5'|bis(silolo[3,2-
b:3',2"-b"lthiophene)-2,7-diyl, 2,7-di-thien-2-yl-indaceno[1,2-b:5,6-

30

35



cycl opental 2, 1- b: 3, 4- bl di t hi ophene-2,6-diyl, 2,7-di-thien-2-ylcarbazole,
2, 7-di -thien-2-yl-fluorene, indaceno[l, 2-b:5,6- Mlithiophene-2,7-diyl,
benzo[ 1" ,R0:24115168665" : 4' |, 5] bi s(sil ol o[ 3,2- b: 3", 2' - bl t hirOphP2&)AMF5 di vyl ,
2,7-di -thien-2-yl-indaceno[ 1, 2-b:5,6- - _58 - b']dithiophene, :
2,7-di-thien-2-y|-benzo[l",2":4,5;4",5“5&1,51bis 2,7-di -thien-2-yl -
phenant hro[ 1, 10,9, 8-c, d, e, f, g]carbazole,

4,7-di -t hien-2-yl benzo[ 2, 1, 3]t hi adi azol e,

4,7-di-thien-2-y]-hen 2,1, lLenadi azol €, v ;n s c.an eon.ar £
54, 7o - thi on- 2 USRS 2 b 0 2R Y 24 i o4 Sopisty
bﬁnzot {isazolbia, 3(s4|_olih'[3,IZHD:BQth'QIhrwhEﬂé)-Q_;EHM,,2,7-di-tr_1ien-2[-yl- . .
t hi eno[ 3, 4- r - di - - 2-y] ot hi - razine,
5,8~ di - L hi en- S.yyﬁé%ﬁaﬁ'ﬁyﬁ?[ﬁnﬁq’?taﬁ?@%g%f:%ffﬁﬁ?%‘{pﬁ’edﬁ'é’f“%ﬁe%?‘&?y| 7
4, 6- di - t hi en- 2- ybehzel@dl,3]thiagjazele phési-thiehiZydiezo{d i Jselehad@zeles- di yI |
6, 4-di gt hi en- 10 i ik mﬁﬁgz -di-thien-2-vI-2H-
3, 6-di -5t hi en- 2- yla‘%{jllrttrhi%r%?%ibe@ggg?' [e- 1, 40-Iegi4'r§edI .thlen 2-yk2 .
2, 5-di - t hi en- 2- yBeNZai[iaRPE; 314 ,U@IQIﬁ[OP,hgp?r% fﬁYef,h'enol&“'b]PWaz'"e'
e g ecetos cacnt et sommmizyy
ht hal ene, t hi SHEICX2UTR) BiRTOLF &-aittiophenest -4V T A Meh T Hr en- 2- v -

ng hi eﬁo[eg,e4- c] :omifﬁ[é-,ﬂb]ﬂhwp@eeg, mienmilﬁ,%]tbibpheleemwhdlé,ﬂt&iggiene?/ nmono-
or pol bsti tut i f fal [ | &l th
subgti gggnt sI alrjeﬁgg%a%p 8@’??%@?&?%%? 33?’?8‘&”;}?"'? ﬁ)ﬁlcfg)lnlj(ol?[,@&ﬁbﬁgri I#\%t edeal kyl
and fluorinated dl4dionenirdithien2oyld1 silibiazololbst-dibbiSitazols.end conpri sing
more addi 11 onal | Lo hopy Lolttlatiaddle 2 A, e g R T 2 el ected.
from pol ymers ha¥ig ia§8§ﬁ,’ @\c,)g}gﬁﬁ'li?'héf i -H}%—j#b%&@%@-%’&ﬁ@e@t ron
t ranslpor ':1 hol e/ eulaghtrfafbéné)Itbieidot@ft-c&}bmdﬂleht;e#diqne}d[ﬁidiyl,'nr&;;ditrpibntmgzlenduct i ng

r 25li t ittin i 9 i Y :
ol ymer'® or " pol y HPnBERER s 4 it AN Wilo AR LASLER R §F TPL°
one or nore sol vemry- qrpsiygustituted vathy BoriRt 'cas defipad © dainvdnts. 30 10. Use

of a polymer, polp\é%%%amywsebsﬁteémé'@r_teiéareaé&%% Bikyl, QUIRHE, HioARYE Of

claims 1 to 9 as irge” transport, sem conducti ng, el ec(iérl cal 'y conducti ng,
phot oconduct i ng &rorngted alkyland\duernated aikoxy wilt 1 ¢R0 BERMEoopt i cal ,

el ectronic, electrolum nescent or 35photol um nescent conponents or devices.

20 8. Polymer blend comprising one or more polymers according to one or
more of claims 1 to 7 and one or more additional polymers, wherein
these additional polymers are selected from polymers having
semiconducting, charge transport, hole/electron transport,
hole/electron blocking, electrically conducting, photoconducting or

25 light emitting properties.

9. Formulation comprising one or more polymers or polymer blends
according to one or more of claims 1 to 8, and one or more solvents,
preferably selected from organic solvents.

30

10. Use of a polymer, polymer blend or formulation according to one or
more of claims 1 to 9 as charge transport, semiconducting,
electrically conducting, photoconducting or light emitting material in
optical, electrooptical, electronic, electroluminescent or

35 photoluminescent components or devices.



- 59 - 11. Optical, electrooptical or electronic conmponent or device
conprising one or nore polyners, polynmer blends or fornul ati ons accordi ng
to one orwounH/wse6l aims 1 to 9. 512. Conponent or devi eeTAPeAIWIINGSt O
claim1l, characterized in that it is sel ected fromthe group consisting of
organic flel d effect transistors (CFETj 9thin filmtransistors (TFT),
integrated circuits (1 C, logic circuits, capacitors, radio frequency
identification (RFID) tags, devices or conponents, organic light emtting
di odes (OLED), organic i %ht 10em tting transistors ‘O_ET fl at .panel

di spl ays, batki i Gptisabelestignpiical onelgshipricHRmRRNAN SF deyicei prdszﬁg/) sol ar
cells, laser dioggs othH@‘éQﬁ@?ﬁHé% Pslymehblepdeiot domnslatishsatcoming tegr aphi c
devi ces, el ectrophot ogna Irecoqg gg devi ces, organic nmenory devi ces,
sensor devices, PREQSEYT Y FPEIS 149 s, charge transport |ayers or
15interl ayers in polyner | i ght emtting diodes (PLEDs), Schottky di odes,

pl anar gsi ng ye I C .« ( PEM) ,
conducti ng sh st @Pﬁéc”g@?&%.‘ér? éé%r?ﬁp %%'Vﬁf ér@?&é‘t%ﬁe“ a g@ﬁﬁs
batteries, ali gnaelwtech?@mthe@r@yamnswmg|Qf@rﬁg@@c fielt affeetyiransistefiys,

security devi ce DNAPE# Cmm)ﬁmemaﬁs@foreQYFtr)?sntfe@fatéetmhlt@gcaO
di scrimnati ng sequence

nponent v rding,to claim 11
or 12, which is ﬁﬁc@ﬁﬁ%ﬁcgoﬁuﬁd‘%wp%ﬁqrﬁﬁ @iﬂv‘ Qgﬁﬁ@éagﬁ S4eVIC8bnoner
of formula Ila R3r Aomiponentd)arganicAighs emitting diodds (QILEBD),@rhaniadighef i ned in

brocesdlof pr epafHing argErs (ELETl ity PRRSLA8BHS  BRutBpts & dgaysy 12
byd;:oupl i ?ﬁ one organjcehntﬂmhtamdawcm (ORY) tsvlan celis lsendiddesach ot ggr -
anaror w one | ml;%' dﬂef&geﬁﬁot%efeféforgoéI@H{ragﬁgfd@rr%;ﬁqc %@‘0@;‘%&6' N Re,

and Ar are as de

I'n one oOf in an
aryl -aryl coupl i @éeqt wphotegraphic recording devices, organic memory devices,
sensor devices, charge injection layers, charge transport layers or
15 interlayers in polymer light emitting diodes (PLEDs), Schottky diodes,

planarising layers, antistatic films, polymer electrolyte membranes

(PEM), conducting substrates, conducting patterns, electrode

materials in batteries, alignment layers, biosensors, biochips, security

markings, security devices, and components or devices for detecting
20 and discriminating DNA sequences.

13. Component or device according to claim 11 or 12, which is an OFET
or a bulk heterojunction OPV device.

25 14. Monomer of formula lla
R%A-R? lla

wherein A is a group of formula Il as defined in claim 1, 3 or 4, and
R? and R® have the meanings given in claim 2.

30
15. Process of preparing a polymer according to one or more of claims 1
to 7, by coupling one or more monomers according to claim 14 with
each other, and/or with one or more monomers of the formula
R%-Ar-R®
35

wherein R?, R® and Ar are as defined in one or more of claims 1, 2,
5, 6 and 7, in an aryl-aryl coupling reaction.



