WD 2012/ 028246PCT/ EP2011/ 003952 1 Conj ugated Pol ynmers Field of the

I nvention 5The invention relates to novel polyners containing repeating
uni ts baswd 2omr/denzo| 2, 1, 3]t hi adi azol e- 5, 6-di car boxyl i c PaTiFP2@i1®est er ,
nononers and nethods for their preparation, their use as sem conductors in
organic electronic (OE) devices, especially in organic photovoltaic (OPV)
devices, and to OE and OPV devi ces conprising these polyners. 10 Background
of the Invention 1In recent years there has been growing interest in the
use of conjugated, sem conducti r¢omjoigated Polymees ect roni c applications. One
particul ar area 15of inportance is organic photovoltaics (OPV). Conjugated
pol yners have found use in OPVs as they allow devices to be manufactured by
sol uti on- pr oEeddiofithe nventigles such as spin casting, dip coating or ink jet
printing. Solution processing can be carried out cheaper and on a | arger

scal e gorrpared to the ev orgtive }echni rf]ues used to n%ke ingsraani(fi thin
fil m28devi cdbe inyentian 1efates e \nove! pA¥EErS ABRIRAING SPREYING WYULS BR3Ed ¢ hi evi ng
ef fi ci enci es oubdrizof2 , 3MtadianpledhBaticarbbyyiier acié hisestes, mbaomeirs aalisor ber

Cteal po y e Saags el HibRiorn el S Rshodhgtlirg ih g T ,°F e
commonl y usedlettromie(PE) deviaes owspeviallyan drgamc photargliaiat@AVpdeyieess is to
utilize an al i\ rtgaé%%dcew d’@iﬁ&e§95'§1'p?i§in99h@§e Eigh}p?ﬁlgect ron rich donor

units and el &¢ron crent acceptor units wt pol ynmer backbone.
30An ad€eptor unit that is known in prior art and has shown good

phot ovol tai c kKhRsurReemeieantised in copolyners is 2,1, 3-
benzot hi adi az@o € (BTZ) (see J. Chen, Y. Cao, Acc. Chem Res., 2009, 42
(11), 1709):

In recent years there has been growing interest in the use of conjugated,

semiconducting polymers for electronic applications. One particular area

15 of importance is organic photovoltaics (OPV). Conjugated polymers have
found use in OPVs as they allow devices to be manufactured by solution-
processing techniques such as spin casting, dip coating or ink jet printing.
Solution processing can be carried out cheaper and on a larger scale
compared to the evaporative techniques used to make inorganic thin film

20 devices. Currently, polymer based photovoltaic devices are achieving
efficiencies up to 8%.

The conjugated polymer serves as the main absorber of the solar energy,
therefore a low band gap is a basic requirement of the ideal polymer
25 design to absorb the maximum of the solar spectrum.

A commonly used strategy to narrow the band gap of conjugated polymers
is to utilize an alternating copolymer consisting of both electron rich donor
units and electron deficient acceptor units within the polymer backbone.

30 An acceptor unit that is known in prior art and has shown good
photovoltaic performances when used in copolymers is 2,1,3-
benzothiadiazole (BTZ) (see J. Chen, Y. Cao, Acc. Chem. Res., 2009, 42
(11), 1709):
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WO 2012/ 028246PCT/ EP2011/ 003952 2 However, these polyners can have limted
solubility in commonly used organi c solvents, which can inhibit their

sui t abi | iweg 2bvo2et6i ce manuf act uri ng net hods based on sS®CwUtEPeO11f003SESSI NQ) .
Therefore, the presence of additional2solubilising functionality on the BTZ
unit is desirable to expand 10t he range of suitable processing solvents and
their solid |loading within these solvents. Mire recently polyners

cont ai ni ng 5, 6-bi s(octyl oxy)- benzo[2, 1, 3] t hi adi azol e ((OR)2BT2)
units have been prepared, like for exanple 15copolyners with fluorene
havi ng the followi ng structure: These_pol ynmers show i nproved sol ubility

due to the flexible al koxy side chaif
Macr onol ecul es, 2008, 41(15), 5559). A
is flanked by two thiophene units,

pol ynmer retains the planar conforf \Q tAgrback bone which is required
to achi eve the narrow band gaps and gsed’charge carrier nobility required
for OP% applications (see R Qn, W Li, C Li, C Du, C Veit, H-F.

Schl ei ermacher, M Andersson, Z. Bo, Z. Liu, 0. | nganas, U. V\ﬂerfel F.
Zhang, J. AmHdhever, these, Pdm@fsQailham@mtedl\ﬁdlﬂélll’y@@ﬁm@nmUS@évorgyan
F. C. Krebs, I Li, R
Gn Y. zhou %ﬁxﬁ&eﬁ%ﬁﬁﬁ%h c?f'ﬁm&lbl\(%hglﬁgwtg&ﬁ@ fo?éé\ll% mélrﬁ-ﬁactu%g
Zhang, Pol ynsnethpdsdassd orspalufion DI SV TROREPET I EDBEFNe5 9655 3

additional solubilising functionality on the BTZ unit is desirable to expand
the range of suitable processing solvents and their solid loading within
these solvents.

(dee J. Bouffard, T. M Swager,

t|onaIIy, where t he (OR) 2BTZ uni t

e i0 thg copol yners shown bel ow, the
o ThER

=]

10

More recently polymers containing 5,6-bis(octyloxy)- benzo[2,1,3]
thiadiazole ((OR).BTZ) units have been prepared, like for example

15 copolymers with fluorene having the following structure:

20

These polymers show improved solubility due to the flexible alkoxy side
chains (see J. Bouffard, T. M. Swager, Macromolecules, 2008, 41(15),
5559).

25

Additionally, where the (OR),BTZ unit is flanked by two thiophene units,
like in the copolymers shown below, the polymer retains the planar
conformation of the back bone which is required to achieve the narrow
band gaps and good charge carrier mobility required for OPV applications
(see R. Qin, W. Lj, C. Li, C. Dy, C. Veit, H.-F. Schleiermacher, M.
Andersson, Z. Bo, Z. Liu, O. Inganas, U. Wuerfel, F. Zhang, J. Am. Chem.
Soc., 2009, 131, 14612; M. Helgesen, S. A. Gevorgyan, F. C. Krebs, R. A.
J. Janssen, Chem. Mater., 2009, 21(19), 4669; W. Li, R. Qin, Y. Zhou, M.
Andersson, F. Li, C. Zhang, B. Li, Z. Liu, Z. Bo, F. Zhang, Polymer, 2010,
51, 3031):
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However, these polyners suffer fromopen circuit potentials (Voc) in OPV
bul k- het er oj uncti on devi ces which are not attaining the theoretical maxi num
of -1.15 woini2z02gnkymer / PCBM devi ce (see J. C. Bijl evel #CTRP2011/004952
Verstrijden, M M Wenk, R A J. JaBssen, Applied Physics Letters, 2010,
97, 073304). Therefore, there is still a need for organic sem conducting
(CsC) materials that are easy to synthesize, especially by nethods suitable
for mass production, show good structural organization and filmform ng
properties, exhibit good el ectronic properties, especially a high charge
carrier nobility, good processibility, especially a high solubility in
organi ¢ solvents, and high stabili ty dn air. Especially for use in OPV
cells, there is a need for OSC mat ex1 alns having g | ow bandgap, which enable

cell efficiencies, and do not suffle [ Fbw t potentials (Voc) in
OPV bul k- het er oj uncti on devi ces, | oner extent than polyners
frompsior art. WD 2012/ 028246PCT/ FP2811/003952 4 It was an ai mof the
present invention to provide c8fpBunds PerHuse as organic sem conducting
materials that do not have the drawbacks of prior art materials as

descri bed above, are easy to synthesize, especially by Smethods suitable
for mass production, and do especially show good p gi bi lity, high

stability, good solublllty in orgsnic solven
nobility, and a | ow bandgap. AnG hg‘
pool of{g>SC materials avqilable }

i nvention are i medi at el ; B
detail ed description. The™ S e present PnV¥enti on have found

t hat these ains can be achi &gg DY ¥l di ng conj ugat ed pol ymers contai ning
BTZ units that are substitutetln 5-"dnd 6-position by ester groups to give
15benzo[ 2, 1, 3] t hi adi azol e-5, 6-di carboxylic acid bis-ester: wherein E is
CO-0 or 0-CO and RL and R2 are carbyl groups |ike for exanple al kyl or

aryl was found that conjugated polyners based ¢ is, unit show good
processé%llity and hi gh sol ubili \hn or gani

especially suitable for :Iq productl

met hods. At the sanme tinmg ;

mobi lity and high oxidati 2
organi c el ectronic OE devi Ce devi ces. Also, the
addition of two electron mﬁbhdq aW nHE@#ter groups onto t he BTZ acceptor
unit d ens the HOVD | evel in Order to achieve a hi gher open circuit
pot ent i (Voc) in an OPV bul k-heterojunction device versus a device

cont.ai ning. 2 SLYIE, thaRSHoljRtis Blfertrom o boientt a) i ey e sare
bulk-heterojunction devices which are not attaining the theoretical

maximum of ~1.15 V in a polymer/PCBM device (see J. C. Bijleveld, R. A.

M. Verstrijlden, M. M. Wienk, R. A. J. Janssen, Applied Physics Letters,

2010, 97, 073304).

i nverti 6 was to extend the
¢r ains of the present
t he 10fol | owi ng

olﬂtlon processing
h charge carrier
'5| g’materlals for

25

Therefore, there is still a need for organic semiconducting (OSC) materials
that are easy to synthesize, especially by methods suitable for mass
production, show good structural organization and film-forming properties,
exhibit good electronic properties, especially a high charge carrier mobility,
good processibility, especially a high solubility in organic solvents, and
high stability in air. Especially for use in OPV cells, there is a need for
OSC materials having a low bandgap, which enable improved light
harvesting by the photoactive layer and can lead to higher cell efficiencies,
and do not suffer from open circuit potentials (Vqc) in OPV buik-hetero-
junction devices, or do so to a lower extent than polymers from prior art.
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WO 2012/ 028246PCT/ EP2011/ 003952 5 Sunmary of the Invention The invention
relates to a conjugated pol ynmer conprising one or nore identical or

di f f erentwoepeaszng units of fornula I: wherei n an agCempPakiliondsrat es a
link to a nei ghboured group, Ws S, S¢, 0 or NRx, 15 El, E2 are -0-C(0)-
-C(0)-0-, Rxis H or straight-chain, branched or cyclic alkyl with 1 to 30 C
atons, in which one or nore non-adjacent C atons are optionally 20repl aced
by -0-, -S-, -C(0)-, -C(0)-0-, -0-C(0)-, 0-C(0)-0-, - CH=CH or -C=C and
in which one or nore H atons are optionally replaced by F, C, Br, | or CN,
R1, R2 are, each independently of one another, an optionally substituted
25C1_40 car byt was ahyadmocfaheydregentipventien tonprenideceorhpetnds farelsgtass to a

conj ugat ed PR AT sg%éﬁ%ﬁﬁg%st&falmaﬁdberRﬁ%Ia'vBQh UYrhFOUERLEF GRgH &l N A

unit of formu in one or nore units erelnater al so
referred to ast meteriglg asslescrpsy @@V@c@%ewmﬂng?%ﬁ'z%rﬁpﬁé Y&Nryl units

that ame opt InQélﬁbag sEitBBlel forheshs @r@dum eirid @6 ebp@@ihnp@ﬁowfgdoae repeating
gglltZ/solzgzigge%’ e COB@Sgsggbﬂy goo%tso?tn)llltlyjlrlln %ré)anlc somén?s |hlgh c\:/ﬁ%rge
carrier mobility, and a low bandgap. Another aim of the invention was to
extend the pool of OSC materials available to the expert. Other aims of
the present invention are immediately evident to the expert from the
10 following detailed description.

The inventors of the present invention have found that these aims can be
achieved by providing conjugated polymers containing BTZ units that are
substituted in 5- and 6-position by ester groups to give

15 benzo[2,1,3]thiadiazole-5,6-dicarboxylic acid bis-ester:

20

R'-E E-R?

wherein E is CO-O or O-CO and R' and R? are carbyl groups like for
25 example alkyl or aryl.

It was found that conjugated polymers based on this unit show good
processability and high solubility in organic solvents, and are thus
especially suitable for large scale production using solution processing
methods. At the same time, they show a low bandgap, high charge carrier
mobility and high oxidative stability and are promising materials for organic
electronic OE devices, especially for OPV devices. Also, the addition of
two electron withdrawing ester groups onto the BTZ acceptor unit deepens
the HOMO level in order to achieve a higher open circuit potential (Vo) in
an OPV bulk-heterojunction device versus a device containing a polymer
based upon BTZ or (OR)2BTZ while maintaining the same band-gap.

30
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6 C(0)-, -0-C(0)-0-, -CR=CR- or -C=C and in which one or nore H atons are
optionally replaced by F, d, Br, | or CN, or denote aryl, heteroaryl,
aryl oxy, wetergesskboxy, aryl carbonyl, heteroaryl carbonylPCTaPRIIGANISNYI OXY,
het er oaryl car bonyl oxy, aryl oxycarbonyf or 5heteroaryl oxycarbonyl having 4
to 30 ring atons that is unsubstituted or substituted by one or nore
non-aromatic groups R3, wherein R and R are i ndependently of each other H
or optionally substituted Cl-40 carbyl or hydrocarbyl, 10 R3is on each
occurrence identically or differently F, Br, O, -CN, -NC, -NCO -NCS,

- OCN, -SCN E@ﬂjﬁ'ﬁgﬁfhgl%éntlonqo)'? -NH2, -NRR, -SH, -SR, -S03H, -SX2R,
-OH, - : substltuted silyl, carbyl or
15hydrocarby| with 1 to 40 C atons that is optlonally substituted and

ggf ' (r)rgfl Lgbfgﬁ‘glhzéﬁtl&?%l@l‘es%raﬂc&ﬁh étéd%cﬂwgeg @gnﬁr@ﬁrg , ori& 8r More I
YNer i pacer group or a single
bond, and xi édenglc@E; afg?ﬁ%atere&?%ﬁ'ﬂ% iy Qﬁch) according to the present

i nventison are preferably selected of fornmula I I -[(Arl-U-Ar2)),-(Ar3)4,-11
30wherein U s on eacw\occurrence identically or differently a unit of
\ /
I
10 R.E"  EAR?

wherein an asterisk indicates a link to a neighboured group,

W is S, Se, O or NR,
15

E' E? are -O-C(O)- or -C(0)-O-,

R* is H or straight-chain, branched or cyclic alkyl with 1 to 30 C
atoms, in which one or more non-adjacent C atoms are optionally
20 replaced by -O-, -S-, -C(O)-, -C(0)-O-, -0-C(0)-, O-C(0)-O-, -
CH=CH- or -C=C- and in which one or more H atoms are
optionally replaced by F, CI, Br, | or CN,

R' R? are, each independently of one another, an optionally substituted
25 C1.40 carbyl or hydrocarbyl group.
The invention further relates to a conjugated polymer comprising one or
more repeating units which contain a unit of formula | and/or contain one
or more units (hereinafter also referred to as Ar', Ar” and Ar®) selected
from aryl and heteroaryl units that are optionally substituted, and wherein
at least one of the repeating units in the polymer contains at least one unit
of formula .

30

Preferably, R' and R? in formula | are selected from 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-, -C(O)-, -C(0)-O-, -O-
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formula | as described above and bel ow, 35Arl, Ar2, Ar3 are, on each
occurrence identically or differently, and independently of each other,
aryl or hwoenmanyi4ct hat is WO 2012/ 028246PCT/ EP2011/ 003@%5&PZo10pbd3enal | y
substituted, preferably by one or nore groups R3 as defined above, and one
or both of Arl and Ar2 may al so denote a single bond, 5Y1 and Y2are

I ndependently of each other H F, O or CN, xis on each occurrence
identically or differently 0, 1 or 2, wherein in at |east one repeating
unit, i.e. in at least one unit -Hdb\rl-U-ArZ)x-_(Ar:?))"]-, X is 1, 10 yis on
each occurr ef{0)i,dOrEI@RO-y-GR T Rf e0&nE=G- @ndin yhigh ope or mereddeger ™ > 1.

15The i nvent i %‘éﬁ% RBiohallRaRatad BYFORRI Br, ¢ QRGN Nbrikrvteaiyl, of formula I,
whi ch are suitable for j;g&%r (fé)ara i on of C([%B ng]t gdﬁgmﬁlﬁ! [S,2S descri bed
above and belhgieroand. amlxye NSEFPAMI9M: andrabenyt helerpalcarRoRYl 1 end
conpri si ng oRgy|earboRyXE) heteroaryscaabonyldky\caryloxybarbpngsent i nventi on and
one or re additional co : I | 4 : YySel ected
from c%oung@?%rﬁa 81‘%%8%2%3’ r'lgd f")ﬁg %W@?%ﬁc{%’grﬁa %@%‘ﬁ%ﬁ'ﬁ@%g ,orC har ge
transport, hauestituted bytanenon mars pontaromatie goeuRrs BCtwbere ocki ng,
el ectrically conducting, photoconducting or light emtting properties. 25
R° and R® are independently of each other H or optionally substituted
C140 carbyl or hydrocarbyl,
10
R® is on each occurrence identically or differently F, Br, Cl, -CN,
NC, -NCO, -NCS, -OCN, -SCN, -C(O)NR°R®, -C(0)X", -
C(O)R®, -NH;, -NR°R®, -SH, -SR®, -SO;H, -SO2R’, -OH, -
NO,, -CFj3, -SFs, optionally substituted silyl, carbyl or
15 hydrocarbyl with 1 to 40 C atoms that is optionally
substituted and optionally comprises one or more hetero
atoms, or P-Sp-,

P is a polymerisable or crosslinkable group,
20
Sp is a spacer group or a single bond, and
x° is halogen.
25 The conjugated polymers according to the present invention are
preferably selected of formula il
{(Ar-U-AP)(AP) - I
30 wherein
U is on each occurrence identically or differently a unit of
formula | as described above and below,
35 Ar' A%, Ar® are, on each occurrence identically or differently, and

independently of each other, aryl or heteroaryl that is



The invention further relates to a formulation conprising one or nore

pol ymers, m xtures or or blends according to the present invention and

opt i onal lwoane/ms2460r e sol vents, preferably sel ected fr egrapg@nios3sspl vent s.
30The invention further relates to the use of polyners, m xtures, blends
and formul ati ons according to the present invention as charge transport,
sem conducting, electrically conducting, photoconducting or light emtting
material in optical, electrooptical, electronic, electrolumnescent or
phot ol um nescent conponents or devices. 35 WD 2012/ 028246PCT/ EP2011/ 003952
8 electrically conducti t 1 b 3 al or
conponent conpri sing ohgggpglm%%@%%kge%ﬂ\)y%g?hg?grﬂéﬂdgopg%ﬁ(ul ations
according to the preses definegiataye. smdonerhath &f Arupbéy Mmav2lée to an

optical, electroopticaljepbtehamidleomopdcomponent or device conprising one or
nore pol yners, polynmer blends, fornulations, conponents or materials
according to the present invention. The optical, electrooptical, electronic
el ect r &l um nedesit Yand até jiependentie ©f eath otimpdhent Gl arCNevi ces i ncl ude,
without Iimtation, organic field effect transistors (OFET), thin film
transistors (TFT), integrated circuits (1C, logic circuits, capacitors,
radi o frequemxcy i denti fi$ ontdash qarErme)ce adgnticaly ot diffesenttoBpb®Eri s, or gani c

light emitting diodes ﬁ@é n inCAtd8ddtond 1@pkafing UhitNde tin i féadt One GALET) ,
flat panel 15displays, back g{ggts of .displays,” organi c photovoltaic devices
(OPV), solar cells, |askArdUoies:-(AshdreciSnduct ors, phot odet ect ors,

el ectr oyghot ogr aphi ¢ devi ces, el ectrophotographic recordi ng devices, organic

menory devi ces, sensor .devices, charge i.njection |ayer har transport
| ayers or intlerlayers ii°Pdi C?Cciui"?%f:e #rﬁﬁahﬁ%ﬁpﬁgeégﬁtdbﬁ'a&’?? organi c
pl asnmon- 20em tting di odes (OPEDs), Schottky di odes, planarising |ayers,

antistatic filns, poly alyte nmenbranes (PEM, conducting
substrates, dbnducti ngq%%pﬁé%%? eT/'ect rode materials in batteries,

al i gnnment | ayers, biosensors, biochips, security markings, security

devi cesys and BRTPRBRALS fGtheIaeiHes td RTondMes containing iisie bf firaa ng DNA
SCAUENCES- hich are suitable for the preparation of conjugated polymers as

described above and below.

The invention further relates to a mixture or blend comprising one or more
20 polymers according to the present invention and one or more additional
compounds or polymers which are preferably selected from compounds
and polymers having one or more of semiconducting, charge transport,
hole or electron transport, hole or electron blocking, electrically
conducting, photoconducting or light emitting properties.
25
The invention further relates to a formulation comprising one or more
polymers, mixtures or or blends according to the present invention and
optionally one or more solvents, preferably selected from organic solvents.

30 The invention further relates to the use of polymers, mixtures, 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.

35
The invention further relates to a charge transport, semiconducting,



25 Detail ed Description of the Invention The nononers and polyners of the
present invention are easy to synthesize and exhi bit several advantageous
properti esp 2bidesmel ow 30bandgap, a hi gh charge carri er pomhEPRottipp39a2 hi gh
solubility in organic solvents, a goo8l processability for the device

manuf acture process, a high oxidative stability and a long lifetinme in

el ectronic devices. In addition, they show the foll ow ng advant ageous
properties: 35 i) Additional solubility can be introduced into the pol yner
by inclusion of WD 2012/ 028246PCT/ EP2011/ 003952 9 the two sol ubili sing
ester groups e%ctﬁ?&l (ﬁin%,oﬁhéﬂd&bﬁguéﬂﬂgt bmlight Ehittipigl aterial gk oups ii) The
addition of two electron withdraw ng ester qgroups,ontqg th B%I'Z 5accept or
unit can nDdiOPV‘RQF@rEICQEIWWQ:OBﬁQFS'?%@ qu@@ﬁ:l%ﬂnp \c}%’fag S8 the pol ymer,

particul arly farmalgiafiens agcofdindit tHa\fiwesentinventian.der to achi eve a hi gher
open circuit potential (Voc) in an OPV bul k-heterojunction device versus a
devi ce containing a polynmer based upon BTZ. 10iii) Additional fine-tuning
of the %l ect rdva inventom furthgrHeites tavan (oplieals glagjrogptierlrorfaleetresnic

modi ficati 0“.c;%{rnesck}?erﬁ%%%%éga?énépglﬁew@e#@a&yﬁ@rg S8iyf¥ier BRINgEer i sat i on

wi th appropri CcO- nmonomer (s ou ord candidate materials for

organi ¢ phot deanulations,GAMEaReRISLOr MBASHAS 2659 HBE I Ihe RECSERY iRVeRdicPrer
generally neans a nol ecul e of high relative nolecular nass, the structure
of which essentially co i ses th | tiple.repetition of units derived,
actual ly or C-B}%@B?%/?Ai ?'gg{rP?B%%&gﬁ?ﬁ'g %?Ct{ngmmS&FPba”M ecul ar nass
(PAC, 1896, GshotdRedinesddrs coemporierits gpdeviteyérchude, Iwithwed fimitation| ecul e of

i:(r)]?r;e): rgg;a;escg{glgﬁltcif\l’eefd 28R} FSHSBOrSRORET) WRirshiRt FhkiSto?d (Pehch essential Iy

integrated circuits (IC), logic circuits, capacitors, radio frequency
identification (RFID) tags, devices or components, organic light emitting
diodes (OLED), organic light emitting transistors (OLET), flat panel

15 displays, backlights of displays, organic photovoltaic devices (OPV), solar
cells, laser diodes, photoconductors, photodetectors, electrophotographic
devices, electrophotographic recording devices, organic memory devices,
sensor devices, charge injection layers, charge transport layers or
interlayers in polymer light emitting diodes (PLEDs), organic plasmon-

20 emitting diodes (OPEDs), 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 and discriminating DNA sequences.

25
Detailed Description of the Invention

The monomers and polymers of the present invention are easy to
synthesize and exhibit several advantageous properties, like a low

30 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 show the following advantageous properties:
35

i) Additional solubility can be introduced into the polymer by inclusion of



plurality of units derived, actually or conceptually, from nolecul es of

| oner relative nolecular mass (PAC, 1996, 68, 2291). In a preferred sense
accor di ngvoaotesasesent i nvention a pol yner neans a compomrdoihaviony > 1,
preferably 5 repeating units, and an 8l i goner nmeans a conpound with 25> 1
and < 10, preferably < 5, repeating units. The terns "repeating unit" and
"nmononeric unit" nean the constitutional repeating unit (CRU), which is the
smal | est constitutional unit the repetition of which constitutes a regul ar
macronol ecul e, a regular ol i goner 30nol ecul e, a regular block or a regular

chain (PAC, é'gegﬁﬂ @gl @?S@E&@ﬁ&f LERAV I S UohtaifBRNRufipI&At om or

group (charg Gheh econes detached froman atomin what is
consi der ed t solwbilisinrg Q&Hnﬁual or main part of the nolecule taking part in a
specified reaction 35(see also PAC, 1994, 66, 1134). WO

Coneai i o i Fie a8CHigRr B Aecheridan R er pEfns T B B 2T o0

sp- hlybt5| di satalc@ﬁ tor\annt]Edarrmy)dthIme bbatmpicaerqu gtqspl(ﬂrtﬁI)MQiL'aimﬁevellsi afhe I

S mplest case,d bRk baEIANPA AeBRERIR e MOMGIGE A ag C sing! ¢
a

and doubl e ( so i nclude conpounds with units
li ke 1, 3- phemphmahmermopenrmmﬁ patential {Vedimhas QRW btumahe@r@wﬁpmd Wi th

naturally (spou @@&Eﬁé@d?ﬁ@é‘%h%lﬁ&fa%ﬁme%%@d WRYnlEAE to interruption

of the conj ugatl on, 1's sti regar ded” as conj ugat ed conpound. 10Unl ess
stated otherwi se, the nolecular weight is given as the nunber average

gvl ecul@ de'l Mchio@él fii-Qiin uemgaemd)mcldn@rgml(gwmum elelsy
tandar ds. | n el TugRe °§If€ca®angiﬂ?%ﬁﬁﬂ%etﬁc§ S Eighepg Ehie P

chl or obenzenepolymeisation withl appropriatenen- mmwmmgs)@oomd aBprsl yneri zati on
() means M RAE (AURrARTAR BARe BhoRRIKAR adbafthgl ven as n = MM,

wherein Mi is ol ecul ar wei e si ng repeat| ng unit as
described in J. M G Cow e, Polymers: Chem stry & Physics of Mdem

Mat eri af 5 B'ﬁ%‘\}eean@béﬁﬂp%el&ﬁﬁ" paPree’ g@ﬁénalwféaﬂs Qhﬁil'ébulé%fhﬁg?d above
and bel ow denot es any oval ent, or . mul tiVv n. adi cal npie

hi chcomr | JelAe MEIESHIES HeAh o SrUEbF B M GreanalY SATPHSRS (38 bon
atoms (like frﬂmtwmﬁe@mow@mts deriveg} actaally gr camdspbealiywifon at | east one
non- car bon at om Sueh 89N @ mblectlar ifss (SaC, odt, €38 26645, FRATPI ©

car bonyl etc. ’}1
term "oligomer" generally means a molecule of intermediate relative

20 molecular mass, the structure of which essentially comprises a small
plurality of units derived, actually or conceptually, from molecules of lower
relative molecular mass (PAC, 1996, 68, 2291). In a preferred sense
according to the present invention a polymer means a compound having >
1, preferably 2 5 repeating units, and an oligomer means a compound with

25 > 1 and < 10, preferably < 5, repeating units.

The terms "repeating unit" and "monomeric unit" mean the constitutional
repeating unit (CRU), which is the smallest constitutional unit the repetition
of which constitutes a regular macromolecule, a regular oligomer

30 molecule, a regular block or a regular chain (PAC, 1996, 68, 2291).

The term "leaving group” means an atom or group (charged or uncharged)
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

35 (see also PAC, 1994, 66, 1134).



25" hydr ocar byl group" denotes a carbyl group that does additionally contain
one or nore H atons and optionally contains one or nore hetero atons |ike
for exanpwe 2m2/@8246, P, Si, Se, As, Te or Ce. A car bpCT@EP201 6039621 by |
group conprising a chain of 3 or noreldC atons 30may al so be straight-chain,
branched and/or cyclic, including spiro and/or fused rings. Preferred
carbyl and hydrocar byl groups include al kyl, alkoxy, alkylcarbonyl,

al koxycar bonyl , al kyl carbonyl oxy and al koxycarbonyl oxy, 35each of which is
optionally substituted and has 1 to 40, preferably 1 to 25, very preferably

1to 18 C at , o " I idmﬁ)t f
2012/ 028246P3$%é§£{“ &?@iggg%gd q{jégﬁ§?odgn avi nééﬁgéﬁﬁjgﬁ%m@ %gtre{fgl 6 to 25
C atoms, fur wirspriybgidisation{oseptiopa E‘éPtﬁE’n‘W ”dé'ﬁil%‘;ly‘@é'tc dnJy also
aryl car bonyl géyreﬁméear ﬁéwi:@falltlﬂﬁ}z' Pthe A tes@tas@ltmb is for@xampiala y

substituted and 0 r ef bl rein.all these
groups do opPPEﬂP&%“I“f/i %&%ﬁﬁ 'T‘Fq 85? @#eeaﬂ‘gldé’% @53@%}3@5 ty sel ected
from N5 0, SdoBs a‘Bto inBfudeAsompeunds wih. uniitsdikeat,Byphemyldénad'Maanlpy| gr oup may

b d d
0o 2o Pedl P REIHSLYol ) Soll] iyt

especi al | y aogtyrriaigdefectsandieh mawlreagrt@ugigrrpagm@ the goribiagtign,)is sther e t he

Cl- C40 car byl O56h ﬂé@@gm urgyclic, the group may be
straight - char%Q%r Iégj?&gmchedmgT 0 carbyl or hydrocarbyl group includes

for exanple: a Cl-C40 al kyl group, a Cl- 40 al koxy or oxaal kyl group, a
C2- C40 1 kenﬂnléﬁ@ﬁ@te@o%r@@a ahaymubcngat)wp;gm|slgmn@wtheldmhbgtr oup, a

C4- C40 al kyl di en u a P group, a
C6- C40 al kyl av;rgsg?ﬁwg g‘ﬂa%e@ﬁﬁ& 55?8}5%@% mS%@ﬁpa %Q@WWM kyl
group, a C4- Gdfichysdetramd bglgehperraeatlammrbmeéognapélﬁ/e(a%l) aganst t he
foregoing gr RIht roup, a C2
- C20 al kynyl %th(%easég&%%gaﬁ eiﬁyém%(r())u Sg%%ﬁégg& ?1' gf“e'ﬂ% 20group, a
C6- C12 aryl forahccmprebew?)er eayﬂ trighlarpbenzenss Jinedagyree Af
15 ponmerlzat|on (n) means the number average degree of polymerlzatlon

given as n = M,/My, wherein My is the molecular weight of the single

repeating unit as described in J. M. G. Cowie, Polymers: Chemistry &

Physics of Modern Materials, Blackie, Glasgow, 1991.

20 The term "carbyl group” as used above and below denotes any
monovalent or muitivalent organic radical moiety which comprises at least
one carbon atom either without any non-carbon atoms (like for example
-C=C-), or optionally combined with at least one non-carbon atom such as
N, O, S, P, Si, Se, As, Te or Ge (for example carbonyl etc.). The term

25 "hydrocarbyi group" denotes a carbyl group that does additionally contain
one or more H atoms and optionally contains one or more hetero atoms
like for example N, O, S, P, Si, Se, As, Te or Ge.

A carbyl or hydrocarbyl group comprising a chain of 3 or more C atoms
30 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,
35 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



I ncl uded are conbi nati ons of groups having carbon atons and groups havi ng
hetero atons, |like e.g. an al kynyl group, preferably ethynyl, that is
substi t utwo 20di2ft8m6si | yl group, preferably a trial kyl si PgIT/ERe@af03925Ar vl
and heteroaryl preferably denote a novMo-, bi- or tricyclic aromatic or

het eroaromatic group with 4 to 30 ring C atons that may al so conpri se
condensed rings and is optionally substituted with one or nore groups L as
defined above. 30Very preferred substituents L are sel ected from hal ogen,
nost preferably F, or alkyl, alkoxy, oxaalkyl, thioalkyl, fluoroalkyl and
f 1 uor oal koxy g |bky H;atnﬁgﬂtcmamrrwemblyeﬂs ke B$IC awrksy,rfyhhmmd)reZ to 12 C atons.

S5hadi 11 on, prﬁsﬁ”'ed e e e e e ot N
t hi ophene, sandoxapiwbenylbhyeeﬁnmob\ph@hes oatlomltymbatmpiaé@d hasBtene WO
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preferded ri ﬁggtaam enedBPEY F%%aﬁg)??&r@ferﬁpb’f%qlﬁ%m? F@"Bﬁ (g pgh di ne,

preferably 2gmn3TRyandligee, pyrimdine, thiophene preferably 2 t hi ophene,
sel enophene, preferably 2- 5sel enophene, thieno[3,2-b]thiophene, thiazole,
t hi adi azol e, oxazol e and oxadi azol e, especially preferably thiophene-2-yl,
5-substi t ut edﬁd&arbmemeayqboarmygmummas-t;d a saturated evhurdateratedacyclic

bsti tut ed, ' | kyl
s S radpSa ORISR WO o IFSERSEIGPAL RN a1 kY
can be Hlrai g:lychccgmupsmremréfﬁﬂ‘%‘ﬂ especiadly gngf éhkabvly'arsi al&vgwtgréhmn has 2,

3, 4,5, 6, (o @ﬁ,a vt wne@mﬂeat@%mmwoﬂ ﬁyd}bewyaabupe%hyl
propyl, butyI pent ex

pent oxy, hex@eycliqd @i?“p Hl‘ayo'é?é |gh,t Gﬁ?%b?rnﬁltaggﬁ%‘? h&[‘o (gbﬁyq carbggw
undecyl , 15dqﬂmlrocérbyp@©mb mtletiéat&ﬁoaé&ammename@walkwcynouy a gy,
o ox) oo R s G SRR o1 a2 Bt DB
st rai ght5 chai@s- Gno bll;dlgcdnmi aCy-Gs a,ﬂw@ilenﬂtgrg)usta Siadhiopoiiyeny) gra@,ldas 2 to
but -1, 2 or e AULUP o Ey O F aRyRIGBLEYS CRE G PRrAlIGRECETYT
4- or hex-5- e(z‘awcyclpglkyl groupz -a Cg:Cao gycloglkepy! g{@Hp gn@,ﬂgﬁ likg)cPreaferred. ' 3.
g' i ’ g Orarﬁﬁﬁg ?h@gt)ﬂeggﬁh@ r%upg%Te aXey- Céo alkﬁ qroﬁp, a C-©Jp dIemy8- enyl
eei & group, a'C, —Cop alkynyl! group, a C3— 20 alI;ﬁn oup, a C4-Cyp alkyldienyl
20 group, a Cs-C12 aryl group, and a C4-Cyp polyenyl group, respectively. Also
included are combinations of groups having carbon atoms and groups
having hetero atoms, like e.g. an alkynyl group, preferably ethynyl, that is

substituted with a silyl group, preferably a trialkylsilyl group.

25 Aryl and heteroaryl preferably denote a mono-, bi- or tricyclic aromatic or
heteroaromatic group with 4 to 30 ring C atoms that may also comprise
condensed rings and is optionally substituted with one or more groups L
as defined above.

30 Very preferred substituents L are selected from halogen, most preferably
F, or alkyl, alkoxy, oxaalkyl, thioalkyl, fluoroalkyl and fluoroalkoxy with 1 to
12 C atoms or alkenyl, alkynyl with 2 to 12 C atoms.

Especially preferred aryl and heteroaryl groups are phenyl in which, in
35 addition, one or more CH groups may be replaced by N, naphthalene,
thiophene, selenophene, thienothiophene, dithienothiophene, fluorene



25 Especially preferred al kenyl groups are C2_Cr7-1E-al kenyl

CA- C7- 3Eal kenyl , C5- C7- 4- al kenyl, C6-C7-5-al kenyl and C7-6- aI kenyl, in
parti cul avoGR2D28k- al kenyl , C4- C7- 3E- al kenyl and C5- C7PréTaiPR@nypbiostxanpl es
for particularly preferred al kenyl grigups are vinyl, 1E-propenyl,

1E- but enyl, 301E-pentenyl, 1E-hexenyl, 1E-heptenyl, 3-butenyl, 3E-pentenyl,
3E- hexenyl , 3E-heptenyl, 4-pentenyl, 4Z-hexenyl, 4E-hexenyl, 4Z-heptenyl,

5- hexenyl, 6-heptenyl and the |iKke. Groups having up to 5 C atons are
generally preferred. 35An oxaal kyl group, i.e. where one CH2 group is

| db 0- t hyl
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S oxanexyl ,  Sxadiszoi SSEElaNy oratefably dhippRend 2358 Shktnudd tidshert;
oxaoctyl , 2 2-3-or pyridirie-3-y8- allmwbmhmmunyﬂlbﬁﬁu@d mBno-#r, 5-, 6-,7-, 8-
or V- oxadecyyy u%%tiﬁ}{é‘zﬁ’WiﬁrLé%éﬁn@B 48dekl group wherein one CH2 group is
oné by - 0)-,

repl aced by these radicals are preferably
nei ghboured Accordingly these radicals together forma carbonyl oxy group
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acet yl oxy,
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- |
5 acet 1l oxyprspr. BYBLARRYY W‘ehgﬁg SR tloy @[?%‘?“m’r%t%o”x“y”éyar bony! |
et hoxycar bonyiexaxypheptpxr oestoxy ZfOH emg@msﬂwlnorwérd ddesily| |
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but oxycar bonyl me hoxycar bony bf) - et hoxycar bonyl ) et hyI
2- (propoxycardﬁﬂﬁﬂoﬂtwﬁﬁcoé\‘ Pﬁﬁtmeéy 859?‘%’;‘5‘*’
3- (et hoxycar bonyl ) propyl, 4-(nethoxycarbonyl) - butyI 25

An alkenyl group, wherein one or more CH; groups are replaced by -
CH=CH- can be straight-chain or branched. It is preferably straight-chain,

20 has 2 to 10 C atoms and accordingly is preferably vinyl, prop-1-, or prop-
2-enyl, but-1-, 2- or but-3-enyl, pent-1-, 2-, 3- or pent-4-enyl, hex-1-, 2-, 3-,
4- or hex-5-enyl, hept-1-, 2-, 3-, 4-, 5- or hept-6-enyl, oct-1-, 2-, 3-, 4-, 5-,
6- or oct-7-enyl, non-1-, 2-, 3-, 4-, 5-, 6-, 7- or non-8-enyl, dec-1-, 2-, 3-, 4-
, 5-, 6-, 7-, 8- or dec-9-enyl.

25
Especially preferred alkenyl groups are C,-C7-1E-alkenyl, C4-C7-3E-
alkenyl, Cs-C7-4-alkenyl, Cs-C7-5-alkenyl and C7-6-alkenyl, in particular
C,-Cs-1E-alkenyl, C4-C7-3E-alkenyl and Cs-C7-4-alkenyl. Examples for
particularly preferred alkenyl groups are vinyl, 1E-propenyl, 1E-butenyl,

30 1E-pentenyl, 1E-hexenyl, 1E-heptenyl, 3-butenyl, 3E-pentenyl,
3E-hexenyl, 3E-heptenyl, 4-pentenyl, 4Z-hexenyl, 4E-hexenyl,
47-heptenyl, 5-hexenyl, 6-heptenyl and the like. Groups having upto 5 C
atoms are generally preferred.

35 An oxaalkyl group, i.e. where one CH, group is replaced by -O-, is
preferably straight-chain 2-oxapropyl (=methoxymethyi), 2-



An al kyl group wherein two or nore CH2 groups are replaced by -0- and/or
-C(0)0- can be straight-chain or branched. It is preferably straight-chain
and has 3wbaob22&4at ons. Accordingly it is preferably bipsTReM0003982 hyl |

2, 2-bi s-carboxy-ethyl, 3, 3-bis-carboxy-propyl, 4,4-bis-carboxy- 30butyl,

5, 5- bi s- car boxy- pentyl, 6, 6-bi s-carboxy-hexyl, 7,7-bis-carboxy- heptyl,

8, 8- bi s-carboxy-octyl, 9, 9-bis-carboxy-nonyl, 10, 10-bi s-car boxydecyl,

bi s- (net hoxycar bonyl ) -nmet hyl, 2, 2-bi s-(nmethoxycarbonyl)-et hyl,

3, 3- bi s- (et hoxycar bonyl ) - propyl, 4, 4-bi s-(net hoxycarbonyl)-butyl,

2, 5-bi s( et hﬁ%nyl;ﬁﬂﬁb@) cPfe@gXEb @/l ?L?hr%ﬂé y@afbowh)oiwé&ﬁltyl 7., 7-bis-
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group, i. é¥‘§ ‘B’R f@éﬁ%a g%ﬁj)ﬁa?"? Ybdi& a&@?rﬁﬁ%egﬁz ggo%llseﬁélagﬁﬁ g
stszje_llgggtzuag?m ishhrefarbbiyl sttaiga-)ain 2- o*nmephMFn(ettSQXjaﬁbﬁwll) 2- thiopropyl (=
(thi oheptyl ) & %‘h?{‘%c‘?ﬁg}bﬁﬁ) 'bfé?@wg%ﬁ{%‘%{é’}yft%‘f%?dﬁ)é%w é’iapget%‘(' vandecyl )
or 1- (thi odéde@ybyﬁmee(h/h%,r%f ér.dbl 9f§’rﬂ¥aﬁﬂ2 rdu 'a’dj 5n§ntofto the sp2

hybri di sed viggubotgRia08. aLos, 65, 76 68tnorkl of ol | 310802 kel 79101 oS
preferably straig t chal npg)e"rfluoroa kyl wherein i'is an integer from1l to
15, in parti @fRdecyir o ©C3F7, C4F9, C5F11, C6F13, C7F15 or C8F17, very
preferalg y C6F13. 15The above-nentioned al kyl, al koxy, al kenyl, oxaal kyI ,

Par t1 cul ai | y IbABrARY GHOUR T ot TGPl B3 ety 3 bl B Y " 1P

2- met hyl but yIG((-, thesdyadieals dre peefesably Ineighboured-Acdoydingkythese

g ﬁ;?%: B:m ﬁl)a(gjll’cég tﬁg%ﬂ‘leﬁ'%% azcarﬁgﬁﬁﬁkgpffddf (?&Og% hy! QHBQ?é’?rﬁggxxy,

2-octyl oxy, Zros@-Q (Ff@)hyflgtﬁj@@ y thiggrpup isstrajght-ghain and hasgtong Chexyl |

2- hexyl15 2- 0Gityins. R1§‘96&’6rd|r231¢9€éfévab1y gestgfaxy, pfbﬁ“@i)hoxy, butyryloxy,
pentanoyloxy, hexanoyloxy, acetyloxymethyl, propionyloxymethyl,
butyryloxymethyl, pentanoyloxymethyl, 2-acetyloxyethyl, 2-propionyloxy-
ethyl, 2-butyryloxyethyl, 3-acetyloxypropyl, 3-propionyloxypropyl,
4-acetyloxybutyl, methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl,

20 butoxycarbonyl, pentoxycarbonyl, methoxycarbonylmethyl, ethoxy-
carbonylmethyl, propoxycarbonylmethyl, butoxycarbonylmethyl,
2-(methoxycarbonyl)ethyl, 2-(ethoxycarbonyl)ethyl, 2-(propoxy-
carbonyl)ethyl, 3-(methoxycarbonyl)propyl, 3-(ethoxycarbonyl)propyl,
4-(methoxycarbonyl)-butyl.

25
An alkyl group wherein two or more CH; groups are replaced by -O-
and/or -C(O)O- can be straight-chain or branched. It is preferably straight-
chain and has 3 to 12 C atoms. Accordingly it is preferably bis-carboxy-
methyl, 2,2-bis-carboxy-ethyl, 3,3-bis-carboxy-propyl, 4,4-bis-carboxy-

30 butyl, 5,5-bis-carboxy-pentyl, 6,6-bis-carboxy-hexyl, 7,7-bis-carboxy-
heptyl, 8,8-bis-carboxy-octyl, 9,9-bis-carboxy-nonyl, 10,10-bis-carboxy-
decyl, bis-(methoxycarbonyl)-methyl, 2,2-bis-(methoxycarbonyl)-ethyl,
3,3-bis-(methoxycarbonyl)-propyl, 4,4-bis-(methoxycarbonyl)-butyl, 5,5-bis-
(methoxycarbonyl)-pentyl, 6,6-bis-(methoxycarbonyl)-hexyl, 7,7-bis-

35 (methoxycarbonyl)-heptyl, 8,8-bis-(methoxycarbonyl)-octyl, bis-
(ethoxycarbonyl)-methyl, 2,2-bis-(ethoxycarbonyl)-ethyl, 3,3-bis-



oxyoct oxy, 6-nethyl octoxy, 6-nethyl octanoyl oxy, 5-nethyl heptyl oxycarbonyl,
2- met hyl but yryl oxy, 3-nethyl val eroyl oxy, 4-nethyl hexanoyl oxy, 2-

chl or opr ogPanagass 2- chl or o- 3- met hyl but yryl oxy, 2-chl oPoTAPR@tIN9395Yal eryl -
250xy, 2-chl oro- 3-net hyl val eryl oxy, 2Hmet hyl - 3- oxapentyl, 2-nethyl- 3-oxa-
hexyl, 1-nmet hoxypropyl-2-oxy, 1-ethoxypropyl-2-oxy, 1-propoxypropyl-2-oxy,
1- but oxypropyl-2-oxy, 2-fluorooctyloxy, 2-fluorodecyl oxy,

1,1, 1-trifluoro-2- octyloxy, 1,1,1-trifluoro-2-octyl,
2-fluoronet hyl octyl oxy for exanple. Very preferred are 2-hexyl, 2-octyl,

2-octyl oxy, g)etiko} éérbbhylslwo |h¢>ay$ls ééthbx}car%@h&l)fﬂwﬂr9'52b|§!3ty| and

1,1, 1-trifluoro-2 oct {e erred achiral branched groups are
i sopropyl, i BQ%¥@”’°H¥ ¥Br opyl ), isopentyl (=3- nethylbutyl) tert.
butyl, isopropoxy, 2- nethyl propoxy and 3- nmet hyl but oxy.

2012/ 028246P 0 fern odi nent of the
present inve { %k\]f& 8 éel%@&%&égpgm %:?%@6%'% (I:%né]?‘?% g ertiary alkyl
or al kéxy wi pkeférabiyst‘ra(gfmcﬂ)\m) thidreethiyh ({Srﬁ.‘d'i:{)rh’fblpéth-)rl &t&ﬁfézcdﬂ:é dptional I'y
opti onal 1y amioPiaAYs ‘S@”%E%W?e* RRGA) °1 (R BlOLERTH, L2
plroeferredygr(ﬂhweﬁw*ﬁ hi éthtqqyévl rle(tgioneayRql{thindacyB. drlthieu i inﬁ?&rﬁsqr 1r'ig of the
fol | owi ng formrt&@cf‘dec I)V\hmreeéun préiéfablgqn@m g}@hp@wééehtftd)wspﬁt ed,
preferably Ilnear %Végl aIk r? C{}o 20, preferably 1 to 12
C-atons, in ¢wbBdised; ¥|°é‘trl§/°’b? BP'IEY preferably 1 to 9 C atons, and
t he dasﬂn}ad | ine denotes the |ink to the ring to which these groups are
attched. Espec aII t erein all ALK
subgr oups ar et BLBHSU G BB SR G R Bt Rr RO 2 "
- CH=C(CN) - meﬂalmgeraru isteger drom Brtogtd, iin pprtisuiardbf y GeFsfsfor CBFg,

CsF11, CeF13, C7F1s o CgF17, very preferably CgF 3.

15 The above-mentioned alkyl, alkoxy, alkenyl, oxaalkyl, thioalkyl, carbonyl
and carbonyloxy groups can be achiral or chiral groups. Particularly
preferred chiral groups are 2-butyl (=1-methylpropyl), 2-methylbutyl, 2-
methylpentyl, 3-methylpentyl, 2-ethylhexyl, 2-propylpentyl, in particular 2-
methylbutyl, 2-methylbutoxy, 2-methylpentoxy, 3-methylpentoxy, 2-ethyl-

20 hexoxy, 1-methylhexoxy, 2-octyloxy, 2-oxa-3-methylbutyl, 3-oxa-4-methyl-
pentyl, 4-methylhexyl, 2-hexyl, 2-octyl, 2-nonyl, 2-decyl, 2-dodecyl, 6-meth-
oxyoctoxy, 6-methyloctoxy, 6-methyloctanoyloxy, 5-methylheptyloxy-
carbonyl, 2-methylbutyryloxy, 3-methylivaleroyloxy, 4-methylhexanoyloxy, 2-
chloropropionyloxy, 2-chloro-3-methylbutyryloxy, 2-chloro-4-methyl-valeryl-

25 oxy, 2-chloro-3-methylvaleryloxy, 2-methyl-3-oxapentyl, 2-methyl-3-oxa-
hexyl, 1-methoxypropyl-2-oxy, 1-ethoxypropyl-2-oxy, 1-propoxypropyl-2-oxy,
1-butoxypropyl-2-oxy, 2-fluorooctyloxy, 2-fluorodecyloxy, 1,1,1-trifluoro-2-
octyloxy, 1,1,1-trifluoro-2-octyl, 2-fluoromethyloctyloxy for example. Very
preferred are 2-hexyl, 2-octyl, 2-octyloxy, 1,1 ,1-trifluoro-2-hexyl, 1,1,1-

30 trifluoro-2-octyl and 1,1, 1-trifluoro-2-octyloxy.

Preferred achiral branched groups are isopropyl, isobuty! (=methylpropyl),
isopentyl (=3-methylbutyl), tert. butyl, isopropoxy, 2-methyl-propoxy and 3-
methylbutoxy.

35



Ol 1 C-CO, -C(=0)- and -C(0)- denote a carbonyl group, i.e. 30 The
polynmers may al so be substituted with a pol ynerisable or crosslinkable
reacti ve wyoaop/o2sdsbch is optionally protected during thecpmpe@s®odds2 f orm ng
the polyner. Particular preferred pol¥mers of this type are those of
formula | wherein Rl denotes P-Sp. These polyners are 35particularly useful
as sem conductors or charge transport materials, as they can be crosslinked
via the groups P, for exanple by polynerisation in WD )

2012/ 028246 POTaEpbel prefegedemeodimant ofjthe Repsent Kvestiop: Bdesslestrd ne

pol yner i nt ofgnd Hiifahy, ls8cbAtiafy Sty diioN oF alkerpaitnt to B0 §iatdrds,
crosslinked polyner filns w hln%hc ar e(ﬁarrller bIFllty allnd hi gh
thermal , mecWARTRBIONGQS 'E‘F?é?ns C%tlo EL] ‘P?t&;'.a brerR @Fg\g}ﬁ}' P8 yer i sabl e or
crossl i nkabl gryisay heferoandardetearyloxy that is optidnafly-alkylated e ( CH2) ki - O-
T2 OB irbed i § 89 s el Bl B Yeid Ghete+

are selected from the group consisting of the following formulae

5 ' _ALK
o AwTAx T /@\
ALK ALK ALK
ALK
: 3 ' ALK :
ALK Ak TS ALK
ALK
15 ALK ALK
ALK ALK

wherein "ALK" denotes optionally fluorinated, preferably linear, alkyl or
alkoxy with 1 to 20, preferably 1 to 12 C-atoms, in case of tertiary groups

20 very preferably 1 to 9 C atoms, and the dashed line denotes the link to the
ring to which these groups are attched. Especially preferred among these
groups are those wherein all ALK subgroups are identical.

-.CY'=CYZ% is preferably -CH=CH-, -CF=CF- or -CH=C(CN)-,

25
Halogen is F, Cl, Br or |, preferably F, Cl or Br.
O
{l
. /C\
-CO-, -C(=0)- and -C(O)- denote a carbonyl group, i.e. .
30
The polymers may also be substituted with a polymerisable or
crosslinkable reactive group, which is optionally protected during the
process of forming the polymer. Particular preferred polymers of this type
are those of formula | wherein R' denotes P-Sp. These polymers are
35

particularly useful as semiconductors or charge transport materials, as
they can be crosslinked via the groups P, for example by polymerisation in



15( CH2=CH CH2) 2CH O C(0) -, (CH2=CH)2CH 0-, (CH2=CH CH2)2N-,
(CH2=CH CH2) 2N- C(0) -, HO CV2WB-, HS-CWwWs-, HWN-, HO CVWWB- NH-,
CH2=CH- ( Gy0)202)deB24Phe- (0) k2-, CH2=CH (C(0)) ki - Phe- ( 0) k2PCTHIRR@HOCH452 HOOC- ,
OCN-, and WAIWBWWGESI -, with WL being H6 F, C, CN, CF3, phenyl or alkyl with
1to5 Catons, in particular H d or CH3, W2 and 20WB bei ng i ndependently
of each other Hor alkyl with 1 to 5 Catons, in particular H nethyl,

ethyl or n-propyl, W, Wand W bei ng i ndependently of each other d,

oxaal kyl or o bei ng
i ndependent | §%‘3f&£'9@;¥ ?ﬁéyﬂ)ro‘@e%%né the p%ﬁ@ftlﬁﬂgsa ﬂi{% f@ﬂ%g\?o Phe bei ng
1, 4- pheny| engemicandusteRArBAANERL. QJ)ﬁ'@M cropalinked RRIEMEF filkps é"tgsﬂljg'dups Las
defi ned abOVEharglecé?aeambdﬂ&ytamdrmghmrﬁ@rmdmethan@érmbhemhen 0 or 1, k3
preferably beind 1, and k4 being an integer from1l to 10. Alternatively P
is a protect gt EYr vative of these groups which is non-reactive under the
condi t bons described for the process according to the 30 present invention.
Sui tabl e pro escri bed
Cn the |1 er Ercessty $h8 PRIt chsiigatit SO b EXBRdeARORTIT

Synt hesi s", John W | ey and Sons New York (1981), like for arrpl
or ketals. WD 2012/028246PCT/ EP2011/ 003952 17 0 / \ 0-, W

VW2 (CH2) kl -0- , or protected derivatives t her eof . +aNt her‘
groups P are selected fromthe group consistingp5of vinylox rylate,

met hacrfy) ate, fluoroacryl ate, chl or.acr yl at &, oXxeban and &foxy
groups, very@ﬂﬁ(ﬁN&%ﬂ(ﬁ))ﬁ@ar@ldfF&W yCEde, W Hetha&Rrate gr@up. ,

Pol yneri sati on ofOgroup P can be carried out according to nmethods that are
known to the ordf nayy expert and described in the Iiterature for exanple
in D J. Broer, e & Macromol, Chem 1991, 192, 59. The
term "spacer \Wroup” t3 Khbwn, |(H‘|zmq\6/2 (- Y sGH‘QHP);(@bac&WgT%UpS Sp are

known to the QiiNgAL mﬁﬁ@w )9N9|-90H§’1m¢=®ﬂp® chr—rjgca)ocgdﬁ (2001).
The spalqer gr ou ?‘Eg fo @g C hat IS
s SO TR N e Kﬁha-{}%@*?@ FoH GHPER"
unsubstl tute C@rz—n;mn@HzMN -BoOYs HBIOWENEd HS-GW B, W N-, HO-CM/WE- bei ng
al so possi bl or no, ce S re ed, in
each case i ng‘e'ﬂ ’hteq '3 (P?@Fn%dh‘eﬁg%gpﬁ'@ %H%gb?fjﬁ F’Re It\(tﬁ-)"2 IClJf\‘? -Si RR-,
-C(0)-, -C0)@H= CHYAHOOC-,- 0T cgnd) W%Nefée,)wrth W;(belng-H EGEGN, or -cC
;Rofﬁg? a manier Jaati G AR With F BIPEEERE, MObartibiaeth, @I'PEHy WoaRge
20 W? being independently of each other H or alkyl with 1 to 5 C-atoms, in

particular H, methyl, ethyl or n-propyl, w*, W*and W° being independently

of each other Cl, oxaalkyl or oxacarbonylalkyl with 1 to 5 C-atoms, W’ and

W38 being independently of each other H, Cl or alkyl with 1 to 5 C-atoms,

Phe being 1,4-phenylene that is optionally substituted by one or more

preferred

25 groups L as defined above, k4, k2 and k3 being independently of each

other 0 or 1, k; preferably being 1, and k4 being an integer from 1 to 10.

Alternatively P is a protected derivative of these groups which is non-
reactive under the conditions described for the process according to the
present invention. Suitable protective groups are known to the ordinary
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.

30

35 Especially preferred groups P are CH,=CH-C(0)-0O-, CH,=C(CHj;)-C(O)-O-
. CH,=CF-C(0)-0O-, CH;=CH-0O-, (CH,=CH),CH-O-C(0O)-, (CH2=CH),CH-



Xis -0-, -S, -C0)-, -C(0)0-, -0C(0)-, -0-C(0)0-, -C(0)-NR-, NR-C(0)-

“NR-C(0)-NR-, -OCH2-, -CH20-, -SCH2-, - CH2S-, -CF20-, -0CF2-, -CF2S-,
- SCF2-, -VOP2@HM28246CH2CF2-, CF2CF2-, -CHEN-, -N=CH-, - RENEP201THoBR:
- CY1=CY2-, - C=C-, - CH=CH7C(0)0-, -0C(0)-CH=CH or a single

bond, R and R are independently of each other Hor alkyl with 1 to 12 C
atons, and Y1 and Y2are independently of each other H F, C or CN. WO
2012/ 028246PCT/ EP2011/ 003952 18 X' is preferably -0-, -S-, -OCH2-, -CH20-,
- SCH2-, -CH2S-, -CF20-, -0CF2-, CF2S-, -SCF2-, -CH2CH2-, -CF2CH2-,

- CH2CF2-, -CF2CF2-, -CH=N-, - N=CH, ON=N-, -CH=CR-, -CY1=CY2-, -CC or a

single bond, in particular 0-, S -CC- - CY1=CY2- or a single bond.
I n anot her preferged/S NEE_FI ment Xz pothat is able to forma
conj ugat ed syt e cmd W or C‘W CY2or petegtedidasivativeha.

Typical gro -
CI¥|F2”CI—|2 89 CHg %_'%r%%(f) rﬁ{%r %fﬁ}‘@d@'hﬁj ps R @r2 sBtected frbAHeQgreup GoASisting

10b
i nt egers f r omo$ Vi’b/'cl’g a&%%ﬁen@%HaFﬁéﬁeﬁuquéWﬁ?o‘l@o%ylﬁpar%&f rﬁgcgngnt he

nmeani ngs gi Veihdodsaes % Bupbevéegrefarably fRph aar acrglay benesthacrylaie gnayp.
butyl ene, pentyl ene, hexyl ene, heptyl ene, octyl ene, nonyl ene, decyl ene,
undecyl ene, 15dodecyl ene, octadecyl ene, ethyl eneoxyethyl ene,

met hyl eneoxy [Rdlymernisatien bf beoup Prhandhehgaried, out according to methods that are

ethyl ene- N ”%Mn fdﬁh’é%’ﬁ%r?%?peﬂt and described in the literature, for example in
10 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),

888 (2001). The spacer group Sp is preferably of formula Sp'-X', such that
15 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, Cl, Br, | or CN, it being also
possible for one or more non-adjacent CH; groups to be

20 replaced, in each case independently from one another, by -
O-, -S-, -NH-, -NR’-, -SiR°R%-, -C(0)-, -C(0)O-, -OC(O)-, -
0OC(0)-0-, -S-C(0)-, -C(O)-S-, -CH=CH- or -C=C- in such a
manner that O and/or S atoms are not linked directly to one
another,

25

X is -O-, -S-, -C(0)-, -C(0)0O-, -OC(0)-, -O-C(0)0O-, -C(O)- NR’-,
-NR°-C(0)-, -NR’-C(0)-NR%-, -OCH,-, -CH,0-, -SCH,-, -
CH,S-, -CF,0-, -OCF,-, -CF,S-, -SCF;-, -CF,CH,-, -CH,CF2-,
-CF,CF3-, -CH=N-, -N=CH-, -N=N-, -CH=CR"-, -CY'=CY?%, -

30 C=C-, -CH=CH-C(0)0O-, -OC(0)-CH=CH- or a single bond,

R® and R® are independently of each other H or alkyl with 1 to 12 C-
atoms, and

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



met hyl al kyl ene, et henyl ene, propenyl ene and butenyl ene for exanple.

The polyners containing units of forrmula I, especially those of formula |1,
20ar e prevonalozssel ected of forrmula Ila R4-[ (Arl- U Ar 2PKT(ER2BILOMIRGI | a
wherein U, Arl-3, n, x and y have thel8neanings of formula | and Il, and 25

R3 and R5 have independently of each other one of the nmeani ngs of R3,
preferably F, Br or d, or denote H -CH2C, -CHO -CH=CH2, - SIRIR'R",
-Snl TR'R', -BRR', -B(OR)(OR"), -B(OH)2, or P-Sp, wherein P and Sp are as
defined above, and R, R' and R' 30 have independently of each other one

of the eani nas gfocftoles Iedsabens, iR SEHE. ,-cﬁzsan@;pc;o mcebso form

a ring toget tero atomto chthe In the

pol yners accdebePrg-PoFehe Hﬁ@f'br e%ﬁ@"'ﬁmv@ﬁhpgﬂ' ‘ ¢ n nber of
35r epeating NHGH- NNEN-prefecal) v oY, =eary, g&etwamluglé(bonmm partelierabl y ?2_

50, and preferab r ef up, t st preferably

VO 2012/ 02824 C#E%%cé“lrég’@g%g’elér% e%Oﬁ%d awﬁh%?fﬁgéra%@ conbi nat i on

of t he5af or epiiodment Xoisea gaoupb tmnes ablentotferrofa conjigatedalygtesn sswh t he

present inventi ?:nd rﬁcrl ?ps &@YHDQRI 9% @&ﬁjd 5copol ynmers, like statistical or
rn

random copol at’l ng copo mers and bl ock copolymers, as well as
conbi nations t hereof. Bl ock copol yners nay for exanple conprise or consi st

of one or pmﬁﬁ@ﬂﬁﬁ%eb)bm&rﬁ piaf ( WZ?TULQ.CHZQPQOQI’L@ CHgar e bl ocks

formed by 10u its erein

as CH,CH>-S- CHzCHz- or éHzCH?-RH-?%?'l %Hz- or - (éefg%dag(%)p ’ fOI‘ mula |l or

10 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,

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

The polymers containing units of formula |, especially those of formula i,
20 are preferably selected of formula lla

RA[Ar-U-AP),-(Ar),]n-R® lla

wherein U, Ar1'3, n, x and y have the meanings of formula | and ll, and
25
R® and R°® have independently of each other one of the meanings of R?,
preferably F, Br or Cl, or denote H, -CHClI, -CHO, -CH=CHg, -
SiRR"R", -SnR'R"R", -BR'R", -B(OR")(OR"), -B(OH)_, or P-Sp,
wherein P and Sp are as defined above, and R’, R" and R"
30 have independently of each other one of the meanings of R®
defined above, and two of R, R" and R™ may also form a ring
together with the hetero atom to which they are attached.

In the polymers according to the the present invention, the total number of
35 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



descri bed above and bel ow. Anot her aspect of the invention relates
to mononers of fornula |la 15R4-Arl-U Ar2-R5la wherein U, Arl, Ar2, R4 and
R5 have twe 2neznsngs of forrmula Il and Ila, or one of tIRETHEPRIGI00IE2

meani ngs as descri bed above and bel ow9 20Especially preferred are nononers
of formula la wherein R4 and R5 are, preferably independently of each
other, selected fromthe group consisting of d, Br, I, O-tosylate,
O-triflate, O-nesylate, O-nonaflate, -Si Me2F, -Si MeF2, - 0-S02Z1, -B(Qz2)2
, -CZ3=C(Z3)2, -C=CH and -Sn(Z4)3, wherein Z1-4 are selected fromthe group

consi sting of al nd aryl . _each bei opti | | t;] and two
groups Z2 maypé?géchr'ﬂ?'adﬁ%??ggﬁmg’wg'%ﬁr fthé)%@?r?ﬁ%‘gﬁ)ﬁg%é%\{vlg}ngﬂﬁni ts of
fornula |, thppepimitecénof fornmula |a, and the polynmers of fornula Il and
Ila containing them are selected fromthe following list of preferred
enbodi nents: 30- Wis S, Wis Se, Wis 0, Wis NRx, 35El is -0-C(0)- and
E2 i s - C(0)- Gheipaympes of Est Rresgpbinyentior ingludechemopglymgrs and
2012/ 038246PCH a&;a%};z KR3N8 REh o eaiediA &P olyniers] Qltémbm%@oEoWh@eréhe

e.

arc att achedand bipRk GRPRIRE™ FER P GARI DSTISErRY 2t om 5. one of Al
and Ar2 is a single bond, both Arl and Ar2 are a single bond,
Block copolymers may for example comprise or consist of one or more
blocks formed by units of formula | and one or more blocks formed by
10 units Ar’, wherein Ar® has one of the meanings of formula Il or as
described above and below.

Another aspect of the invention relates to monomers of formula la
15  R%-Ar'-U-APR® la

wherein U, Ar’, A%, R* and R® have the meanings of formula Il and lia, or
one of the preferred meanings as described above and below.

20 Especially preferred are monomers of formula la wherein R* and R® are,
preferably independently of each other, selected from the group consisting of
Cl, Br, |, O-tosylate, O-triflate, O-mesylate, O-nonaflate, -SiMe,F, -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

25 substituted, and two groups Z> may also form a cyclic group.

Preferably the repeating units of formula |, the monomers of formula la,
and the polymers of formula Il and lla containing them, are selected from
the following list of preferred embodiments:

30 - Wis S,
- Wis Se,
- Wis O,
- Wis NR”,
35

- E'is -0-C(0)- and E? is -C(0)-O, i.e. both ester groups are attached to



both Arl and Ar2 are not a single bond, Arl and Ar2, when being different
froma single bond, are selected from 10t he group consisting of

t hi ophenew®,2812di2§34¢ t hi azol e- 2, 5-di yl, sel enophene- 2, 5- #C¥IEP2011/003952
furan-2,5-diyl, thieno[3, 2-b]thi opher®-2, 5-diyl,

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

b] t hi ophene- 2, 5-diyl, or sel enopheno[ 2, 3-b]thi ophene-2,5-diyl, all of
15whi ch are unsubstituted, or nono- or polysubstituted, preferably with R3
as defined abotre benizdnsg ong IMf@Mua & ¥iadbehrbepyhG-AEOMr oup consi sting of

1, 4- phenyl ene, 2, 3-di cyanol, 4-pheny| ene, 2, 5-di cyano,
3 T ors B ekl and B a6 (BN s £ ROt ae] Sedups are attached to

2,3,5,6-tetraf 'tHé)b@mzéié’frid%ﬁh fsrhaildil opheeOAtdmdi I, pyridi ne- 202, 5-diyl,
pyri m di ne-2,5-diyl, naphthal ene-2,6-diyl, thiophene-2,5-diyl,

sel enophene- 2, bndioflAr thdehdiSazimdle hondhene- 2, 5-di yl, thi eno[ 2, 3-

b] t hi ophene- 2, 5-di yl, sel enopheno[ 3, 2- b] sel enophene- 2, 5-di yl,

sel enophenol 2, Bot Ae| amdpPireats a sirgle pond,

sel enopheno[ 3, 2- b] t hj opheng2, 5-di yl, sel enopheno[ 2, 3- b] t hi ophene- 2, 5-di yl ,
benzo[ 1, 2- b: 4, both Ar - and A afsheeled singlelbond, 2, 2- di t hi ophene,

2, 2-di sel enopheng, di t hi eno[ 3, 2- bgz , 3' -dlsilol e-5, 5- di%l , dtetcg# eno[ 3, 2-b;
2", 3" -d] pyrr ol &r5agddiry|whanpengPEgetsrom g singlefiand: Rio sRIEREEDIT8M; v |
s:a(r]I baz ﬁb{el 2,275 @rga r%tliﬂdy@ﬁggm?g of tﬂi;c)’b7her1_e-l2,5-<z)iyl, thi[azole-22,5-dinI,

| ndace , 2- b: - It pheng-. -diyl, . ben T X .

4" 5": 4" 51bi sEEl4 P&‘F@?rzli-vg?%\%; g‘"-aB'ﬁ'gﬁ%pﬁ’i‘éﬂk‘ﬁ@%‘%—”ﬁ?@ﬁ?"e'z'5'd'y"

30phenant hr o[ 1 tAien8|B3b]ithjantensl2 &-tigk selendpiedold, 2-bisatendphene3? Bhi a-

di azol e-4, 7-di yJ ]s | &y A, fodl .

benzo[ 2, 1, 3] oxéJ(w Ia%%?égé%? fﬁ]s%@ﬂig%e@% ?Zl,gzdé)(lé§%(l,la9_o%tl1e¥rllo.[3,2

3, 4-di f | uor ot hibdhienhere-3 54yl or gglenephenak?. &-bthiapfiene-2,5-diyl, all of

t hi eno[ 3, 4- b] pyyigh 3fs anSabéntlted; Br fHO3 of pobisuibs atied eréfchaliyWith R®

thleno[ﬂ$4-b]th|ophene-6,4-dlxl F,G-dl-thlen-z-yl-

35pyrrol of 3, 4- ASHATINAAAROVE 3 SREOV, . .

L L0 2ol of S 8L AL RS clMing B AEnUR)ERe S Sty

2012/ 028246 PCT/ ERZhehy DRI 25-8ityano, 2,3-difluro-1,4-phenylene, 2,5-difluoro-1,4-
phenylene, 2,3,5,6-tetrafluoro, 3,4-difluorothiophene-2,5-diyl, pyridine-

20 2,5-diyl, pyrimidine-2,5-diyl, naphthalene-2,6-diyl, thiophene-2,5-diyl,
selenophene-2,5-diyl, thieno[3,2-b]thiophene-2,5-diyl, thieno[2,3-
blthiophene-2,5-diyl, selenopheno[3,2-b]selenophene-2,5-diyl,
selenopheno|2,3-b]selenophene-2,5-diyl, selenopheno[3,2-b]thiophene-
2,5-diyl, selenopheno[2,3-b]thiophene-2,5-diyl, benzo[1,2-b:4,5-b"]di-

25 thiophene-2,6-diyl, 2,2-dithiophene, 2,2-diselenophene, dithieno[3,2-
b:2',3'-d]silole-5,5-diyl, dithieno[3,2-b;2',3'-d]pyrrole-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'[dithiophene-2,7-diyl,
benzo[1",2":4,5;4",5":4',5'bis(silolo[3,2-b:3",2'-b'[thiophene)-2,7-diyl,

30 phenanthro[1,10,9,8-c,d,e,f,g]carbazole-2,7-diyl, benzo[2,1,3]thia-
diazole-4,7-diyl, benzo[2,1,3]selenadiazole-4,7-diyl, benzo[2,1,3]oxa-
diazole-4,7-diyl, 2H-benzotriazole-4,7-diyl, 3,4-difluorothiophene-2,5-diyl,
quinoxaline-5,8-diyl, thieno[3,4-bJpyrazine-2,5-diyl, thieno[3,4-
b]thiophene-4,6-diyl, thieno[3,4-b]thiophene-6,4-diyl, 3,6-di-thien-2-yl-

35 pyrrolo[3,4-c]pyrrole-1,4-dione, or [1,3]thiazolo[5,4-d][1,3]thiazole-2,5-
diyl, all of which are unsubstituted, or mono- or polysubstituted,



preferably with R3 as defined above and below, n is at least 5, preferably
at least 10, very preferably at |least 50, and up to 2,000, preferably up to
500. MvWwe 2at2/d28lst 5, 000, preferably at | east 8,000, PETEPRII@6I9EAD] Yy at

| east 10, 000, and preferably up to 308,000, very preferably up to 100, 000,
Rl and R2 are selected fromthe group consisting of primary al kyl or al koxy
with 1 to 30 C atons, secondary al kyl or al koxy with 3 to 30 C atons, and
tertiary al kyl or alkoxy with 4 to 30 C atons, wherein in all 10these

groups one or nore H atonms_are optionally replaced by F, Rl and R2 are
sel ected from PYRIEARAY! s?%gﬁﬁﬂegﬁgg}%Ia,n%ﬁ?ﬁq%‘?’oaryI . aryl oxy,

het er oaryl oxy, each, of i ' ' y I and has
4 to 30 ring’ af‘d?rﬁ‘?'efé-t\ghrzgﬁ%}%@'?%[!e%%?,l‘b1 Y%@‘%&%ﬁ‘é‘?ﬁ%@“ﬁf’ﬁ% 0- R6,
or -0-C(0)-R6, tond®0s;, préterally siprt@ixfit. - chai n, branched or cyclic alkyl with
1 to 30 C atons, in which one or nore non-adjacent C atons are optionally
repl acgd by -OMy is-atleast§,690, prefgraplypat least. 000, very grefenghly at leagk-cr- or

-CC- and in Vmgg!hdm%n@lrpr@%rﬁbh}@WBO@,DGOP%W%T@HMWQM fRCe00 bPOF, O, Br,
| or 20CN, or I's aryl, aryloxy, heteroaryl or heteroaryl oxy having 4 to

ﬁol ring atoms wiag{a R3 arwselestdd fromrthergrobp chnsistinglos primargdikyy oone or nore
al ogen atons o ane, Qr e.qraqu - - - -P: ro-
0-C(0)-R6 as d@i‘ﬁ@&d"'gbﬁ%:&r@%tﬁg@spg%%%%r o&glmx;ﬁvﬁ% gt?Rgoa ons, very
preferably w tatdmsoard teitiabaakyisor alkoonedh v tal30/C atpms, heseisdn @llat ons, or
tertiaryy al kyl ,w t ﬁg{g&; T ps one or

nor e H139t0m3 aF'i%soeB%%é}r?%ﬁg’% &ep g@da y ?Fé&o%{%ﬂ&&%@@?é?%@ﬂd fromH or
Cl- C10- al kyl ,_ - a iRal . h i - CHO
“oror 8 RRREY B AR E%“%ﬁb@gﬁg%gf‘a%f‘?,& ?gggfz S
Cl- C20al kyl , Carory.ietesaarylesy.corrheiuiich is eptiensiy all R1 and
optional Iy subsfiidxuistédand hay 4 heBerimyatoms, R4 and R5 are, preferably
i ndependent|y of each other, selected from 35the group consisting of d,

Br, |, (Q-tosyl ®%s FQ-CIf Bf|laCd, R ie@@)-RE e C(O)-OrRiadt €0-€(Q)Rwatrereinsi MeF2,
-0-SQZL, -B(Ozh)g s’tra"lgc%-Scﬂgﬁnz,ZBrancﬁ% cyclic alkyl with 1 to 30 C atoms, in
which one or more non-adjacent C atoms are optionally replaced by -O-
. -8-, -C(0)-, -C(0)-0-, -0-C(O)-, -0-C(0)-0O-, -CR’=CR"- or -C=C- and
in which one or more H atoms are optionally replaced by F, Cl, Br, | or
20 CN, or R® is aryl, aryloxy, heteroaryl or heteroaryloxy having 4 to 30 ring
atoms which is unsubstituted or which is substituted by one or more
halogen atoms or by one or more groups R®, —C(O)-Rs, -C(O)—O—RG, or -
0-C(0)-R® as defined above,

- R®is primary alkyl with 1 to 30 C atoms, very preferably with 1to 15 C
25 atoms, secondary alkyl with 3 to 30 C atoms, or tertiary alkyl with 4 to
30 C atoms, wherein in all these groups one or more H atoms are
optionally replaced by F,

- R® and R® are selected from H or C4-Cyp-alkyl,

30 _ R*and R® are selected from H, halogen, -CH,CI, -CHO, -CH=CH, -
SiR'R"R™, -SnR'R"R"™ -BR'R", -B(OR')(OR"), -B(OH)2, P-Sp, C1-Cz-
alkyl, C4-Cyo-alkoxy, C,-Cayo-alkenyl, C4-Cao-fluoroalkyl and optionally
substituted aryl or heteroaryl,

- R*and R® are, preferably independently of each other, selected from
35 the group consisting of Cl, Br, I, O-tosylate, O-triflate, O-mesylate, O-
nonaflate, -SiMe,F, -SiMeF,, -0-S0,Z", -B(0Z?), , -CZ°=C(Z*),, -C=CH



WD 2012/ 028246PCT/ EP2011/ 003952 22 and -Sn(Z4)3, wherein Z1-4 are selected
fromthe group consisting of alkyl and aryl, each being optionally

subst i t utwo,20edsi4e0 groups Z2 may al so forma cyclic gPQUEP2MaNY3952
preferably fromBr, Rx is H, alkyl, 2l koxy, alkylcarbonyl,

al kyl car bonyl oxy or al koxycarbonyl with 1 to 30 C atons, wherein one or
nore H atons are optionally replaced by F. Preferred polyners of fornula
|1 are selected fromthe group consisting of the following fornmulae: \N, _
N YNi t Ar /1 X, X ZZ R1-0-0CCOOR2 * n wherein Ar denotes a group of

formila 1, 2 °3nd -sh %9%8%%%@“’% EERQ RO3ARE g%gup consisting of

alkyl and aryl, each being optionally substituted, and two groups Z* may
also form a cyclic group, very preferably from Br,

- R*is H, alkyl, alkoxy, alkylcarbonyl, alkylcarbonyloxy or alkoxycarbonyl

5 with 1 to 30 C atoms, wherein one or more H atoms are optionally
replaced by F.
Preferred polymers of formula Il are selected from the group consisting of
the following formulae:
10
/W\
N °N jl
A
* Y Y Ar n
b <Y
15

R'-0-0C CO-0O-R?

/W\
N° N .
*%/Y Y\(A" : 1B
20 -, N
Z/

X~z

R'-0C-0 O-CO-R?

W
N

. Ar_]n_* lnc

R'-0-0C CO-O-R?

N

w
30 AN
N° N

\

. Ar‘]n—* IID

R'.0C-0 0-CO-R?
35

wherein Ar denotes a group of formula 1, 2 or 3



103 Z-X Xis C(Rx) or N, Yis 0, S, Se or N(Rx), 15Zis C(Rx) or N, yiis 0, S

Se, N(Rx), or -CH=CH, Zlis C(Rx) or N, W and Rx have the neani ngs

of formulwoRowyo2s2se of the preferred 20nmeani ngs gi ven alBo¥&Pa¢Id/obSDW, Ul

and U2 are each, independently of one3another, -C(Rx)=, -C(RXRY)-,

S(i RXRY) -, -N(Rx)-, -S-, -Se-, -0- or a single bond, wherein UL and U2 are

not both a single bond, 25RYhas one of the neanings given for Rx, uis 0 or

1, nhas the neaning of fornmula Il or one of the preferred nmeani ngs given

above and bel ow. 30 Especially preferred are polyners of fornmulae 11A-11D

wherein Wis S. Further preferred are polyners of fornulae Il A-11D, wherein

X and Z are C(Rx) %n Y i$ S Qi Se, nost preferably S. WO

2012/ 028246PCT/ EP 3952 1%

N\ | | 2 T Zq 1
u

U

z

] 1

Y1 1 Z
‘ [ U N
4—<\Z1 | U2 l }'— 2

Y
10 \g_z/ 3

X is C(R") or N,
Y is O, S, Se or N(R"),
LR is C(RY) or N,

Y! is O, S, Se, N(R"), or -CH=CH-,

A is C(R¥) or N,

W and R* have the meanings of formula | or one of the preferred

20 meanings given above and below,

U' and U? are each, independently of one another, -C(R*)=, -C(R'RY)-, -
S(RRY)-, -N(R%-, -S-, -Se-, -O- or a single bond, wherein U’
and U? are not both a single bond,

25 R’ has one of the meanings given for R,

u is0orf,

n has the meaning of formula Il or one of the preferred meanings
given above and below.

30 . .

Especially preferred are polymers of formulae HA-IID wherein Wis S.

Further preferred are polymers of formulae HA-IID, wherein X and Z are

C(R*)and Y is S or Se, most preferably S.

35 Further preferred are polymers of formulae HIA-IID, wherein Ar is a group

of formula 1 or 2 in which u is 1, in particular those selected from the



foll owi ng groups: the group consisting of polynmers wherein Zis C(Rx) and
Yis Sor Se, very preferably S, and/or wherein Wis S, t he group

consi sti nyoab1zpaBer s wherein UL and U2 are 5- the groRpTErR&il®039ny of
pol yners wherein one of Ul and U2 is 2 single bond and the other is
-C(RxRY) -, -S(iRxRY)- or the group consisting of polyners wherein Ar is
of fornmula 1, Ul is a single bond and U2 is -C(RxRY)-, -S(IRxRY)- or
-N(Rx)-, very preferably wherein X, Z and Z1 denote C(Rx) and Y
and Y1 denote S or nost 1O0preferably S, the group consisting of

pol yners wheoj#?n Ar ‘2“ grmula 1, Yl is - CH=CH and Z1 is C(Rx) and
preferably X ”Zgglr 'RX) and Y is S or Se, nost preferably S, the
group consi sti tige gfoypotymsistingatpelymess W@feiﬂltsr(ﬁ(ﬂxgamd Yis $orS eJLSCH:CH-,

Z1 Rx U RxR -S(i RXR
- N( IR>S<)C( a)nd pre eraf?ﬂa%%s Qﬁaﬂ)rvﬂfﬂﬁeHM@Sq e Y ¥

erein are d or rmst
preferably S; the grmlrg%mﬁsmgf E?'Vﬁ@r%f"’ﬁ%‘F'W‘ér%”‘a/E’eraé‘?néff?()ls of formla
2, dU\l( ?gd EJZY?&% E»% a\,ons@tﬁ@b pf pbl@h@@éwwn@hemas@fUZaﬁawzzg a]gkgn@nag C( Rx)
an an enot e er preferred are
pol yners of f oPROAAN] q%,ﬁ cﬁ'ﬁ”ﬁ/\l@ﬁﬁﬁ ﬁﬁ@aayé)fodﬁ*{) ' formul alor 21in
which uis 0, wmgrqmpatemsabinyg ohpolymerXwheraindArds odémrmtdact( Rk)lsand Y and Y1
denote S or b x ly efebhx rs of
formul ae IIAIIStS'rH?%?)OBera 8 k%&gﬁ%"fﬁ(ﬁﬁ)% f\l@ﬁ) S?y er}e"’l}ﬂrpqF Is a
group of forrrulvmaeln%aﬁ@nﬂy%r@e@t%@(%hand’\f @ncisYOtdeS@te $é?fy5%)rfép§tr ably S.

30Very 4 [Ueferrz)q @?é s of fornulae Il and 11A-11D are selected fromthe
t fol | I
grotp const st egroup conglstlr?gmoPgoFy(r)nrerpsjweherem Aris formula 1, Y'is -

CH=CH- and Z" is C(R"), and preferably X and Z are C(R*) and Y is S
or Se, most preferably S,
- the group consisting of polymers wherein Ar is of formula 1, Y'is -
15 CH=CH-, Z' is C(R"), U' is a single bond, and U? is -C(R*R")-, -S(iR*R")-
or -N(R%)-, and preferably wherein X and Z are C(R*) and Y is S or Se,
most preferably S,
- the group consisting of polymers wherein Ar is of formula 2, U' and U?
are -C(R)=, and preferably wherein X, Z and Z' denote C(R*) and Y
20 and Y' denote S or Se, most preferably S.

Further preferred are polymers of formulae 11A-1ID, wherein Ar is a group
of formula 1 or 2 in which u is 0, very preferably wherein X, Z and Z'
denote C(R) and Y and Y' denote S or Se, most preferably S.

25
Further preferred are polymers of formulae llIA-lID, preferably those of
formula I1C or 1ID, wherein Ar is a group of formula 3, X and Z are C(R)
and Y is S or Se, very preferably S.

30 Very preferred polymers of formulae Il and HA-ID are selected from the

group consisting of the following formulae:

35



WD 2012/ 028246PCT/ EP2011/ 003952 26 25 30 119 WO
2012/ 028246PCT/ EP2011/ 003952 27 10 15 20
WO 2012/028246

PCT/EP2011/003952
25
S
N N R”
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35



25 1112 WD 2012/ 028246PCT/ EP2011/ 003952 28 15wherein R1, R2, Rx, RY
and n have the neanings as given in fornmula 1, Il and 11A, or one of the
pr ef er r edwoearmgstegi ven above and bel ow. Pr ef ePcedPpalipoiss of
formula Ila are selected of the form#6a 20R4-chain-R5 wherein "chain" is a
pol ymer chain selected from above formul ae 11A-11D and 111-15, and R4 and
R5 have one of the neanings given in formula Ila or one of the preferred
nmeani ngs gi ven above and bel ow. 25 The polynmers of the present invention
can be synthesized _8ccording tp or in analogy to nmethods that are known to
the skilled perso\an are deB rigged in the literature. Qher methods of
preparation can b dken fromdhe exanples. For exanple, they can be

sui tably preparg | & 3T coupling reactions, such @ Yamanoto
coupl i ng, Suzuki | & goupl i ng, Sonogashira coupling, Heck
coupling or Buc goupl T ng. Suzulki coupling and Yamanoto coupling are
especi @ |y preferC@sR, CO{R2012/ 02824BPCT/ EP2011/ 003952

10 g
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29 person skilled in the art. Preferably the polyners are prepared from
nmononers of fornmula | a or its preferred enbodi nents as descri bed above and
bel ow. ArwoOher2/espect of the invention is a process for Pprgprasiioga2 pol yner
by coupling one or nore identical or 2ifferent nononeric units of formula
or nmononers of fornmula la wth each other and/or with one or nore
conononers in a polynerisation reaction, preferably in an aryl-aryl
10coupling reaction. Suitable and preferred conononers are those of the
formula 4 A3 RS R- r - 15 wherein R4 and R5 have one of the neani ngs of
formula Ila or one gf the preferred neanings given above and bel ow, and Ar3

has one of the nelji ngs of formula Ila or of Ar in formula I la, or one of
the preferred \ng n above and bel ow. 20 Preferred nethods for
pol ynmeri sation gre 8 0 G Ccoupling or CGN-couppng, |ike

Suzuki pol yrmeri'ga sicri bed for exanpl e in WO 00/53656, Yamanoto
pol ymeri sati on, descri i in T. Yamanoto et al., Progress
i n Pol yrer SCIGHQ@O}QQ@OJ& , 25W0 2004/ 022626 A, and
Stille coupling. For exanple, when s g a linear polyner by
Yamanot o pol yneri sati on, nononmers asgdesciHHednNabove having two reactive
hal i de groups R2 and R3 is preferably used. Wen synthesizing a |inear

pol ymer by Suzuki polynerisation, preferably a nononer as descri bed above
is used wherein at |gast one reactive group 30R2 or R3 is a boronic acid or
boronic acid deri tlfé group. Suzuki polynerisation may be used to prepare
honopol rs as g As statistical, alternating and bl ock random

copol yners. Stat 7/ bjock cogplyners can be prepared;fjer exanple
fromthe above 35 ornul | apwherei n one of the reactive groups

15

12
20
25

113
30

35



WD 2012/ 028246PCT/ EP2011/ 003952 30 The synthesis of statistical,
alternating and bl ock copolyners is described in detail for exanple in WO
03/ 048225VR201v028136 2005/ 014688 A2. Suzuki pol ymeri sat i oRCEFPROWH0ISPA( 0)
conplex or a Pd(I11) salt. Preferred 58d(0) conpl exes are those bearing at

| east one phosphine |igand such as Pd(Ph3P)4. Another preferred phosphine
ligand is tris(orthotolyl)phosphine, i.e. Pd(o-Tol)4. Preferred Pd(I1)
salts include palladiumacetate, i.e. Pd(OAc)2. Suzuki polynerisation is
performed in the $rgsence of a base, Rf‘ory exanpl e sodi um car bonat e,

pot assi um phospiat e||or an;~tQor gani c asR such as tetraethyl anmoni um
carbonate. Yanmanye Yol i‘sat j Nl oys a N (0) conplex, for exanple

bi s(1,5- cycl oo o)l As al ternativdbtl4 o hal ogens as
descri bed above Re f fofnulla 15-0- SO2Z1 can be used wherein
Z1 is as describhed aboveozFE’ rticular ea 2 such | eavi ng groups are

t osyl abe, nesyl at ecagd triflate. Especiall -tabl e and preferred

synt hesi s net hods of the repeating units and oners of fornmula | and | a,
and their hono- and co-polyners of 20fornmula Il and Ila, are illustrated in
t he synthesis schenmes shown hereinafter, wherein R, Aill, Ar2 and Ar3 are as
defined in fornmulgd,and Il. A synthesip® schene for the preparation of

4, 7-di brormbenzqd’Z, , 3] t hi-agli azol e- 5, 6-di carboxylic acid bis-ester and

4, 7-bis-(5- 25bro L hi op beMzo[ 2, 1, 3] t hi adi azol e-5, 6-di carboxylic
aci d bi1® ester S ; C. Burnester, R [rpgist,

Synt hesis, 200§ Schene 1 WO
2012/ 028246PCT/

15 wherein R', R?, R*, RY and n have the meanings as given in formula |, Il

and 1A, or one of the preferred meanings given above and below.
Preferred polymers of formula lla are selected of the formula
20 R*-chain-R®

wherein "chain" is a polymer chain selected from above formulae IIA-11D
and 111-15, and R* and R’ have one of the meanings given in formula lla
or one of the preferred meanings given above and below.
25
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-
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

35 The monomers which are polymerised to form the repeat units of the

polymers can be prepared according to methods which are known to the



31 CO2R C2R 20 Lessons Reagent 50 ROH/ FI,S0. 0 H20 - i? + OROROH 25
30 Synthesis schenes for the co-polynerisation of 4,7-dibrono--

benzo[ 2, WO2p1W@8H4az0l e- 5, 6- di carboxylic acid bi s-est er PEREP2)1THO0IS2 ( 5-

br ono-t hi ophen-2-y1)-benzo[ 2, 1, 3] t hi &% azol e-5, 6-di carboxylic acid bisester
are shown in Schenme 2 (alternating copolyners) and Scheme 3 (random

copol yner) .
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Scheme 2 32

person skilled in the art.

Preferably the polymers are prepared from monomers of formula 1a or its
preferred embodiments as described above and below.

Another aspect of the invention is a process for preparing a polymer by
coupling one or more identical or different monomeric units of formula | or
monomers of formula la with each other and/or with one or more
comonomers in a polymerisation reaction, preferably in an aryl-aryl
coupling reaction.

Suitable and preferred comonomers are those of the formula
R-AP-R®

wherein R* and R® have one of the meanings of formula lla or one of the
preferred meanings given above and below, and Ar® has one of the
meanings of formula lla or of Ar in formula lla, or one of the preferred
meanings given above and below.

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, 1153-1205 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.
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WO 2012/028246

Pd/ L Base 1 ril [ Ar]c

PCT/EP2011/003952
30

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(PhsP)s. 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
of a base, for example sodium carbonate, potassium phosphate or an
organic base such as tetraethylammonium carbonate. Yamamoto
polymerisation employs a Ni(0) complex, for example bis(1,5-
cyclooctadienyl) nickel(0).

As alternatives to halogens as described above, leaving groups of formula
-0-S0,Z" can be used wherein Z' is as described above. Particular
examples of such leaving groups are tosylate, mesylate and triflate.

Especially suitable and preferred synthesis methods of the repeating units
and monomers of formula | and la, and their homo- and co-polymers of
formula Il and lla, are illustrated in the synthesis schemes shown
hereinafter, wherein R, Ar', Ar” and Ar° are as defined in formula | and I.

A synthesis scheme for the preparation of 4,7-dibromo-
benzo[2,1,3]thiadiazole-5,6-dicarboxylic acid bis-ester and 4,7-bis-(5-
bromo-thiophen-2-yl)-benzo[2,1,3]thiadiazole-5,6-dicarboxylic acid bis-
ester is shown in Scheme 1 (see C. Burmester, R. Faust, Synthesis, 2008,
8, 1179, and WO2010031479 A1).

Scheme 1
N .S,
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XL = Br; X2 = B(OR) 2 X1l = Br; X2 = SnR3
WO 2012/028246 PCT/EP2011/003952
31
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Synthesis schemes for the co-polymerisation of 4,7-dibromo--
benzo[2,1,3]thiadiazole-5,6-dicarboxylic acid bis-ester and 4,7-bis-(5-
bromo-thiophen-2-yl)-benzo[2,1,3]thiadiazole-5,6-dicarboxylic acid bis-
ester are shown in Scheme 2 (alternating copolymers) and Scheme 3
(random copolymer).

Scheme 2

CO2RCO2R
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The novel nethods of preparing nononers and pol yners as descri bed above and
bel ow are anot her aspect of the invention. 15 The polynmers according to the
present iW0Oentym@s246an al so be used in mxtures or pol ymPCTHP2NAHO3IFDr
exanpl e together with nononeric conpodnds or together with other polyners
havi ng charge-transport, sem conducting, electrically conducting,
phot oconducti ng and/or light 20emtting sem conducting properties, or for
exanpl e with polynmers having hol e bl ocking or el ectron bl ocking properties
for use as interlayers or charge bl ocking layers in OLED devices. Thus,
anot her aspect of the j$wention relates to a polynmer blend conprising one
1y to the present invention and one or nore further
nor éS-ef-%'he above- penti gned properties. These

fve tidﬁaﬁ_ﬁ%fﬁ6d§'tgéf_éﬁir scribed in prior
per son. Typically the polymers are mxed with
each other or dissgbyed i gogtiitable solyents and the sol utions conbined. 30
Anot he aspect of the invention relates |t?a formul ati on conprising one or
nore pol yners, m xtures or pol myer bl endstBese descriped above and bel ow and
one or nore organic solvents. W) 2012/ 28246PCH”EQ2811/003952 34
tetranet hyl benzene, pentylbenzgn%ﬁqnesityleqiﬁréunene, cynene,

pol ymers 25h&
bl ends can be pilepp

cycl ohexyl benzene, diethyl benzeng, //t etral ijplAddecal i n, 2, 6-1utidine,
2-fluorom xyl ene, 3-fluofy N} ar obenzot i-de;

di met hyl f or mam de, 2-chl otlg-/6 [ 2-f 1 uor pAn+ 8olXg = BAOREO| €,
2, 3-di ngg hyl pyrazi ne, 4- ol e, 3-fluoroan
3-trifluoro-methyl ani sol e, 2CRet hyl &R0l e, phenet ol

3-net hyl ani sol e, 4-fluoro-3-nethyl ani sole, 2- fluorobenzonitrile,
4-fluoroveratrol, 2,6-dinethylanisole, 3- fluorobenzonitrile,

2, 5- di net hy| ditiesndegl n2ethods o pigparitigsolopomsss andipalymers as described
3,5-d

i et hyl 3 38l hd Deibwlareeddbthenhaépdld of MdveRforoat e, 1-fluoro-3,5-

15
The polymers according to the present invention can also be used in

mixtures or polymer blends, for example together with monomeric
compounds or together with other polymers having charge-transport,
semiconducting, electrically conducting, photoconducting and/or light

20 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
according to the present invention and one or more further polymers

25 having one or more of the above-mentioned properties. These blends can
be prepared by conventional methods that are described in prior art and
known to the skilled person. Typically the polymers are mixed with each
other or dissolved in suitable solvents and the solutions combined.

30 Another aspect of the invention relates to a formulation comprising one or
more polymers, mixtures or polmyer blends as described above and below
and one or more organic solvents.

Preferred solvents are aliphatic hydrocarbons, chlorinated hydrocarbons,
35 aromatic hydrocarbons, ketones, ethers and mixtures thereof. Additional
solvents which can be used include 1,2 4-trimethylbenzene, 1,2,3,4-



10di et hoxybenzene, 1-nethyl napht hal ene, N-nethyl pyrrolidi none, 3-

fl uorobenzotrifluoride, benzotrifluoride, benzotrifluoride, diosane,
trifluor oNetzhoebnzene, 4-fl uorobenzotrifluoride, 3-fl BOTHPPIILHDING]

t ol uene, 2-fluorotoluene, 2-fluorober#otrifluoride, 3-fluorotoluene, 4-

I sopropyl bi phenyl, phenyl ether, pyridine, 4-fluorotoluene, 2,5-

15di f I uor ot ol uene, 1-chloro-2, 4-difl uorobenzene, 2-fluoropyridine, 3-

chl or of | uor obenzene, 3-chl orofl uorobenzene, 1-chloro-2,5- difluorobenzene,
4- chl or of | uor obenzene, chl orobenzene, odi chl orobenzene,
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1, 1,2, 2- t et r Achrehenzonirile, 4eilugrpvaradioh 2 6-dimsthyjaniaele: t e,

g' ”E]‘ hy! f or ”?%%er@dﬁﬁh@"ﬁ&@irﬁél%m@&d Mcﬂibﬂ(e‘ih&léﬂi&bﬁ;ebehzbﬁﬂgdlene

ecal i ne, ane n e | ene or

i Xt ur es ther&a@'ﬁj'm?ﬂé’l%ﬂﬁ‘&'@nE‘O@qu@ﬁwg‘i“wée peéﬁ?,lr}éqrgoiafp ‘%ﬁu%r&- fon is

prefer a1|tU| y 0. dl;nbm?“b@%eh;iemel thiethyinap hitratd rez, dbinetbylpyrolidifoby, Iwei ggt )
tionally, the solutio rs to adjust the

heol ogi cxi oAty EnoBipa0S, R flindeid RdHEES (02" Wo

2012/ 028246 PErAflEDeicthOQBSSZeRs, Afftt@;robwcapfﬂmmﬂ atfarpryniinend agei ng,

solutions ar %@\%ﬂb‘iétf%r&@lm of ﬂ&&}%baﬁkéma@d@aé fRGSIOtGIEENnE 4P| et e

sol uti on, bor I'he solution or i nsolub Iecotour ine Is drawn to
outline the seorispylbighasd.hanyt ether, pyridine, 4 fiorcioluene, 2,5°

15 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
mixture of o-, m-, and p-isomers. Solvents with relatively low polarity are

20 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.

Examples of especially preferred solvents include, without limitation,

25 dichloromethane, trichloromethane, monochlorobenzene, o-
dichlorobenzene, tetrahydrofuran, anisole, morpholine, toluene, o-xylene,
m-xylene, p-xylene, 1,4-dioxane, acetone, methylethylketone, 1,2-
dichloroethane, 1,1,1-trichloroethane, 1,1,2,2-tetrachloroethane, ethyl
acetate, n-butyl acetate, dimethylformamide, dimethylacetamide,

30 dimethylsulfoxide, tetraline, decaline, indane, methyl benzoate, ethyl
benzoate, mesitylene and/or mixtures thereof.

The concentration of the polymers in the solution is preferably 0.1 to 10%
by weight, more preferably 0.5 to 5% by weight. Optionally, the solution

35 also comprises one or more binders to adjust the rheological properties,
as described for example in WO 2005/055248 A1.



5hydrogen bonding Iimts dividing solubility and insolubility. 'Conplete'
solvents falling within the solubility area can be chosen fromliterature
val ues sWNb20/38%36i shed in "Crow ey, J.D., Teague, G SPCIEP2¢Id/OINE, J. W
Jr., Journal of Paint Technol ogy, 38,3No 496, 296 (1966)". Sol vent bl ends
may al so be used and can be identified as described in "Solvents,

1I0WH. Ellis, Federation of Societies for Coatings Technol ogy, 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 | east one true solvent in a blend. 15The pol yners according to the
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deposi tion ﬁgngx% ggalﬁpﬁﬂs@dl 4ndl'c ehdd @ntlo{@ﬁg | Higdd W%cﬂ@eﬁtge

present inve use of a nu er coat i n technlques
Pref er 1€d dep¥di.Eilisn FederatiogueisSodietiertor %&tWGmquhﬁP{O&Yr BR-1Qi19880at i ng,

spin coating.g jdaks | F‘éce%Q:Pélnﬁﬁy R&d tb%t&l@hdnﬁer&ﬁu I%Nétn*té\ﬂwat&ﬂlllﬁi%@o%l nting,
doct or bl ade coatl

rintin erse rolle rlnt ffset
[ t hogr aphy m’rmmengolvmeéﬁ@éﬂi%nr%sea e, SIS his T 18 FRUEE | ng,
brush coat i ngtagameruesdgnt innkblesid. printing is parti cuI arly preferred
as it allows high resolution |ayers and devices to be prepared. 35 WO
2012/ 028246PCT/ EP2011/ 003952 36 prefabricated device substrates by ink jet
printirp or riiher palyseen aceording tf theaegenhiouentiomranalsodes veed i pri nt

heads such a Koki ,
| nkJet Techn 0 y,é%?ér%?ﬁg"lﬁeg%é @?seei?;:a%gje@&yaﬁgﬁ%rggd H?#(%‘ggmr Xaar

may be used tappiippligng lﬁ‘e’“QG?@'hm'Q,r% dtisgenesy! %ra(p &lbstrate.
Addi tional Iy q&i8rate’stHal ir@ttures or patterns to reduce cost (more devices/unit

area), and power consumption. Patterning of thin layers comprising a
20 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,
polymer blends or formulations of the present invention may be deposited

25 by any suitable method. Liquid coating of devices is more desirable than
vacuum deposition techniques. Solution deposition methods are
especially preferred. The formulations of the present invention enable the
use of a number of liquid coating techniques. Preferred deposition
techniques include, without limitation, dip coating, spin coating, ink jet

30 printing, letter-press printing, screen printing, doctor blade coating, roller
printing, reverse-roller printing, offset lithography printing, flexographic
printing, web printing, spray coating, brush coating or pad printing. Ink-jet
printing is particularly preferred as it allows high resolution layers and
devices to be prepared.

35
Selected formulations of the present invention may be applied to



heads such as those nmanufactured by Brother, Epson, Konica, Seiko

I nstrunents Toshi ba TEC or single nozzle mcrodi spensers such as those
produced W9 2M2m8s0p and M crof ab may be used. 101 n or #€a/EPe01b®0IPD| | ed by
ink jet printing or mcrodispensing, ¥he polynmers should be first dissolved
in a suitable solvent. Solvents nmust fulfil the requirenents stated above
and nmust not have any detrinental effect on the chosen print head.

Addi tionally, solvents should have boiling points >100C, preferably >140C
and nore preferably >150C in order to 15prevent operability problens caused

by Lhe sol ut bpftaflfitdid d¥ihicd SabdiParbley ARk it oiffig fMlodisgisie sol vent s

net honed abo? ents 1 nclfude’ substi non substltuted
xyl ene der i varemeablymd@inetraemleptswcrmmtd@a@@yghﬂs&lédwéﬂia“ ed to

non- subst:tuiﬁ&%u .leatS)o;flAtént@thnamm| Iﬁkb@trTétﬂ’frid!@gy \@sTasgdgstltut ed
eterocycl es_such ds sybstiluted py razi ne i nes
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and ot iger fl @@gamatsemlmmﬂdtow layet tda substbiec AddAiomady semedndusitvaint f or

depost U110 2 Bl T 361 bl o B S RRLA Rl Gy bel, o1 1L 0

conprises a rve ne rin tuted by
one or nore smmwmen’enT@smh@rT&Gm a@gtemgzzlam&dlsﬁerts@fmupfaa@momng t he

one_ or mreﬁ;?@%ﬁééd‘%gmcﬂoﬂr@é ah@%?créfﬁbﬁ"ﬁ? y beluseyanpl e, the benzene

derivative e substituted wth propyl” group or three nethyl groups,
in either case there being at | east three carbon atons in total. Such a

sol vent{enabligordér to'de hpplidd by thK jet BEnGAg of n@@toawmhsmgnmé pelya@rgent with

bt e omposul e it eiesied i SOngo gt daghahlrhl fu g oop ' O
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ettt b hdseh RERTRBEY. ASHRLRER, SOl Roul3RNIRIMg SRR No! ere.

cymene, is a
conbi nati on 610086, prefatatly $dH0En o @Qtﬁ]p'ﬁﬁ?r\?@iﬁﬂﬁ%f@m@@? fawving a
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>140C. Such so

and reduce ddqrgéﬁétapﬁ/xp%'asF’q;y‘?BES‘%%ﬁekaemear%q“eZ{ét‘r’qﬁ‘wé FuteRie SHEE L ur e of
sol vent, bi ndﬁéluaé%u@gmm@mdndtnamgsmmedn@)erw@émrambés, ¢ieB, Ralkilscosi ty at
20C of 1- 100 r‘%gmldrg)rs% Sti ft&:ri %%ynoln'-égbﬁﬁ@t%d%%&gg EnBro%&f &pér}'ol-l' 30 nPas.
ether derivatives, substituted heterocycles such as substituted pyridines,
20 pyrazines, pyrimidines, pyrrolidinones, substituted and non-substituted

N,N-di-C.,-alkylanilines and other fluorinated or chlorinated aromatics.

A preferred solvent for depositing a polymer according to the present
invention by ink jet printing comprises a benzene derivative which has a
25 benzene ring substituted by one or more substituents wherein the total
number of carbon atoms among the one or more substituents is at least
three. For example, the benzene derivative may be substituted with a
propyl group or three methyl groups, in either case there being at least
three carbon atoms in total. Such a solvent enables an ink jet fluid to be
30 formed comprising the solvent with the polymer, which reduces or
prevents clogging of the jets and separation of the components during
spraying. The solvent(s) may include those selected from the following list
of examples: dodecylbenzene, 1-methyl-4-tert-butylbenzene, terpineol
limonene, isodurene, terpinolene, cymene, diethylbenzene. The solvent
35 may be a solvent mixture, that is a combination of two or more solvents,
each solvent preferably having a boiling point >100°C, more preferably



The polyners or fornulations according to the present invention can
additionally conprise one or nore further conponents or additives sel ected
10f or f orwexarmpi2e24br om sur f ace-acti ve conpounds, | ubri caCrmp2&ge09s?2
wetting agents, dispersing agents, hydrophobi ng agents, adhesive agents,
flow i nprovers, defoam ng agents, deaerators, diluents which nmay be
reactive or non-reactive, auxiliaries, colourants, dyes or pignents,
sensitizers, stabilizers, nanoparticles or inhibitors. 15 The pol yners
according to the present invention are useful as charge transport,

sem conduct i est L | t | gight mffing
materials | nggﬁpfé'a%'&]é%gic\)te?l‘g(%gtg%g%d,r{%cgctlro@ﬁﬁ?%&?‘%?gﬁi nescent or
phot ol um nesdepositeshpod saddce detasls telhe Iayer hese devi ces, the pol yners 20of
the present invention are typically applied as thin layers or filnms. Thus,

pol yor bl endnenok il iaid BRebie Fajur SrFoles Becrband Samyrosocg. o

formul &t i on gBMhPRRINGS peefesalsly ihiagha visbodityt st 208G ofohd 00trmRg sratogei al i n
25vari ous devi ces .an . t e used, for exanple,
in the form Bfefgr%tgﬁqégﬁﬁﬂ%:%%%}dl rﬁggtré%?épékﬁlni'%gc@%rggr ngly, in another

aspect, the present invention provides a sem conducting |layer for use in an

elect roni ¢ daflCfonfdfs bRIRMUIATERS &LdSidRaR HEBresdtiBRtioR| A Of
formul ati on accor Yng 0 the 1 nvention. Tﬁe | ayer or film may be Iesg‘ t han
30about 30 nacidiienallFePmpIISERRe ef Bare diitherrampenenisior a9dityRs selqrte

thi cknegs Mayo PRy lekafmpid AdnRBaHhcd-abtivs eompbuals, |mbﬁcétmgea%ém, Wwetting
deposited, for exanple on a

art of an el.ectronic device, any of the
af or ement i on@geEH} 'Wfr{s'é‘@a‘fé)%s'd?ydﬁ??ﬂ&?'ﬁg atggé‘#ni ggveﬁ%s,i ntion
addi ti onal | y ippponetesdefdaniieg tgents; déeeraters; ditpentsiwijcla npay bereeactivel gmer
bl end, forrulation or_ o |6 SEeni Chi ; 3 1T
2012/ 028246P@Pf§%§1?0%%@% ‘ 5 Cqlo ?hgy%gm{ﬁéﬁf)er"égs{’\grﬁnsf“ﬁ\%sritsut%l%'!'zers’
Especi al | y prenepaditiesor tdibitars. OFETs, TFTs, ICs, logic circuits,
capaci tqgfs, RFID tags, OLEDs, OLETs, OPEDs, OPVs, solar cells, |aser

di odes, photoconductors, photodetectors, e]ectrophotographic, devices,
el ect r ophot ogthgpelymess geapiding is the-rresspt '@é(ﬁm(‘,orﬁﬁfﬁﬂgefgg% €bar9&ensor

devi ces, charggmdpairesbimcoriducting, elSetrivally ordectar), ppbtuvanidsitting bajights,
antistatic g ?n%?g#fglts'irﬁ'%pagag,ste cAr83pfLY], SRBASY! B cRBIARBScent or
photoluminescent components or devices. In these devices, the polymers
20 of the present invention are typically applied as thin layers or fiims.

Thus, the present invention also provides the use of the semiconducting
polymer, polymer blend, formulation or layer in an electronic device. The
formulation may be used as a high mobility semiconducting material in

25 various devices and apparatus. The formulation may be used, for example,
in the form of a semiconducting layer or film. Accordingly, in another
aspect, the present invention provides a semiconducting layer for use in an
electronic device, the layer comprising a polymer, polymer blend or
formulation according to the invention. The layer or film may be less than

30 about 30 microns. For various electronic device applications, the thickness
may be less than about 1 micron thick. The layer may be deposited, for
example on a part of an electronic device, by any of the aforementioned
solution coating or printing techniques.

35 The invention additionally provides an electronic device comprising a
polymer, polymer blend, formulation or organic semiconducting layer



Especially preferred el ectronic device are OFETs, OLEDs and OPV 10devi ces,

in particular bulk heterojunction (BH]J) OPV devices. In an OFET, for

exanpl e, wbeomdas2e sem conductor channel between the dPairEPand/083982 ce nmay

conprise the layer of the invention. 3s another exanple, in an OLED devi ce,
the charge (hole or electron) injection or transport |ayer may conprise the
| ayer of the invention. 15 For use in OPV devices the polynmer according to

the present invention is preferably used in a formulation that conprises or
contains, nore preferably consists essentially of, very preferably

excl usi vel y aécording to/ihe greseont mﬁnﬂl@hcﬁ%&f@iﬂe{/ﬁﬁfﬁj@%ﬁe‘éﬁ%ﬁ are n-type

(el ectron acg);f@;%, )JF%%%E%@%J&F&JHIS, E8Faditdry RF P g0 T OIOLETS,

constituted P mer accor di to,the present inventipn,  The n-type
seni conduct oppc%ms,b@?éé/ﬁ' ﬁﬁ@l’&&ﬁ?-ggﬁ%& %‘PBS?* %'Uiﬂc%&é%\{ﬂré' 88?{9@6{}?“8%”1 um
?el e)ni dﬁ, Olr e%&r@ ﬁ@fﬂg:raﬁﬁic&{jé\ﬁd:eﬁ@;Débtaxpmtcﬁg:bbbicemeodmg davieesf or exanpl e
6, 6) - pheny -butyric aci.d met ter - " f

*picoLeRr . asotas fuhopfeutek e fRvEesyiiage tigbfoRRyeRiRthdty
widl, A J. Heigies, pBriasisog (2966, anbibtatiz Tdmspcondigdingfsubstratesvand) t he

structure sh n structural anal ogous conmpound with e.g. a Crl
ful | erene grgléﬁd{?%%?ﬁémgi a polyner (see for exanple Coakley, K M and

McGehee, M D. Chem Mater. 2004, 16, 4533). 30 39 PC6i BM A preferred
material of Hg fapprifer@diébiebfiofic déviddia OF EFsPOILEDY af¢ OPVi ng to the

[l e PaBLEM devisestiparbeapapall Jeeripsiort R AEY dexies dhanm dFFTom 2: 1
to 1:2 by weighéxarfiplksthi atveasémidondoctorZhanhel Hetive2niihieseaighand nost
St ep may be sOUBRIRY RraR VBl SR olertic] s AAB LARRERTER o0
devi ce per f oQiHEDalevides tEPohags (wle anelestropk migstionte tianspeyt laypemayown
E;ggg;?e i tecro?rlidﬁs% tiq%%y@r&-th%@é"rﬁfon?t al., Appl. Phys. Lett. 89, 233517
15
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
(electron donor) semiconductor and an n-type (electron acceptor)
20 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
acid methyl ester, also known as "PCBM" or "PCg¢:BM", as disclosed for
25 example in G. Yu, J. Gao, J.C. Hummelen, F. Wudi, A.J. Heeger, Science
1995, Vol. 270, p. 1789 ff and having the structure shown below, or an
structural analogous compound with e.g. a C74 fullerene group (PC71BM),
or a polymer (see for example Coakley, K. M. and McGehee, M. D. Chem.
Mater. 2004, 16, 4533).
30

35



A first preferred OPV device according to the invention conprises: a |l ow
work function electrode (11) (for exanple a netal, such as alum nun), and a
hi gh wor kwbunrya2eas6el ectrode (12) (for exanple 1 TO, on®@COEPMILOMBISS
transparent, - a layer (13) (also ref¥rred to as "active layer") conprising
a hole transporting material and an electron transporting material,
preferably selected from OSC materials, situated between the el ectrodes
(11,12); the active layer can exist for exanple as a bilayer or two
distinct layers or blend or m xture of p-type and n-type sem conduct or,
form ng a bul k heterjunction (BHJ) ee for exanple Coakley, K M and
McCGehee, M D. Chem WMater. 2004, N an optional conducting polyner
| ayer (14), for exanple conprising a bl end et PEMBT: PSS

(pol y(3, 4- et hyl enedi oxyt hi ophene) : _petyf{styremesul fonate)), situated

bet ween the active |layer (13) anwof:k function electrode (12), to
nodi fy the work function of thes' work=fiuncti on el ectrode to provide an
ohm c &ontact for holes, WD 2 § 824§3\PCT)[ EP2011/ 003952 40 an opti onal
coating (15) (for exanple of Lif oﬁt}e\' e of the | ow workfunction
el ectrode (11) facing the acti vw to provide an ohm c contact
for electrons. 5A second preferredOP\ I ce according to the invention is
an inverted OPV device and conprises>=4a | ow work function el ectrode (21)
(for exanple a netal, such as gold), #@GiBMigh work function el ectrode
(22) (for exanple ITO, one of which is transparent, 10- a layer (23) (also
referregpto as "active layer") conprising a hole transporting material and
an el ectron tA prefeoedimateniat et thig typprieadiland pr seikiece ofl afpadymMeEsC mat eri al s,
situated betupeg iRgSREpraRAR idvehisR it 8€.5} CyerliRYEHe Gamadfict I or

exanple as a tinct |layers or bhlend or mxture of p-type

aye
and n-type s@docfbﬁ;ﬂ@@@éik? RGaBMgr BCeiBM. Peeferably g B9 conduct i ng pol yer
layer (24), fyiyReafiefer@ERomi N ta 10 BPeverhtPRISE préfralsly tfomh ad2:het ween

9
the active | ayer 3) and.the | ow _wor ynction el ectro 1t rovide
an ohni contt801t31-§2c293) We 'r'5'9§l, preferagﬁl i'g[l?yowglghi‘og?ﬁthﬁ%?%e% %ﬁug%(arrpl e
of Ti Q) on tdieopiisteal ahnehtngstdp Geydrekhecessaontaedptimizeddei@2) faci ng t he
active layer (23 0 i i Q,qﬂat . In the OPV
devi ces of tﬂgoﬂis@gi?ﬁwéﬁ%gﬁﬁs%%ﬁ&:%ﬁ t e\ﬁ% P%’géemg%d&?l-type sem conduct or
materials are preferably selected fromthe materials, like 25the
pol yner / ful | eig0e)FRY JE 6B caRSof 85MpREBe 3P AN tydd kihdAin Bidni s lifeFatlre
[see e.g. Waldauf et al., Appl. Phys. Lett. 89, 233517 (2006)].

20

A first preferred OPV device according to the invention comprises:

- alow work function electrode (11) (for example a metal, such as
aluminum), and a high work function electrode (12) (for example ITO),
one of which is transparent,

- alayer (13) (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 (11,12);
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. 2004, 16, 4533),

- an optional conducting polymer layer (14), for example comprising a
blend of PEDOT:PSS (poly(3,4-ethylenedioxythiophene):
poly(styrenesulfonate)), situated between the active layer (13) and the
high work function electrode (12), to modify the work function of the
high work function electrode to provide an ohmic contact for holes,

25

30

35



bl end an optional annealing step may be necessary to optim ze device
performance. The conpound, formulation and | ayer of the present invention
are al so 8O=x0imekd4e for use in an OFET as the sem condu@Cirag2ehanivs? .
Accordingly, the invention also provides an OFET conprising a gate

el ectrode, an insulating (or gate insulator) |ayer, a source electrode, a
drain el ectrode and an organi c sem conducti ng channel connecting the source
and drain el ectrodes, wherein the organic sem conducting channel conprises

a 35pol yner, _pghysptiondl e8gting era)ifcidxampe op LIJrctheaside onthiciowng | ayer
according to the present %egfflﬁﬁ Cl.he{ fe turles O{;]c?t)hﬁ) QFE.E a%r(]a well WO
2012/ 028246PCTMOBSHI IO SEHC SiFFRS e BCYERYET €8 I? RIREC& T oFETs
where an OSC neheiit gbniast forelagiednss a thin fil mbetween a gate dielectric
and a drain and a source electrode, are generally known, and 5are descri bed

for exanple in US 5,892,244, US 5,998,804, US 6,723,394 and in the
ref erefces cit secand piederred KT devioscagdonting taéhe iventiondvantimugsted | i ke | ow

cost product icﬂﬁ\/%iv %mcémpwgggﬁ ty properties of the conpounds according
to the invention and thus the E)rocessi biljty of &far e sErfaﬁes,gleﬁéfeferred
appl i cat i ons -ofa lowewerkimstign elegiade 1) HoEgrampte 3 Heetrt SUCP\RS 99, di spl ays
and security appld & aighowsrk flnetiontetect@ler (@) fofledample AIGG bheddwhdckl t he
i nsul ating and .sgrm' condUﬁti ng layer in the OFET device may be arranged in

any sequence, P BRI hat the source and drain el ectrode are separated
15f r omthe gat e layec(23)dalsbyrefdreed trsas$ dadtivg laysréy compesiggtaeh@eect r ode and

el ect rode and tiAraPo ARICh SRR efdefiontaiisBoili fradlal A8feralf Do
An OFET devi ce setegtedifiogn OS¢ meatsrialse pituatad bietwean the elackiodes ddhgises: 20-
a source el ect pdective 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 BHJ,
15 - an optional conducting polymer layer (24), for example comprising a
blend of PEDOT:PSS, situated between the active layer (23) and the
low work function electrode (21) to provide an ohmic contact for
electrons,
- an optional coating (25) (for example of TiO,) on the side of the high
20 workfunction electrode (22) facing the active layer (23), 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

25 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

30 suitable for use in an OFET as the semiconducting channel. Accordingly,
the invention also provides an OFET comprising a gate electrode, an
insulating (or gate insulator) layer, a source electrode, a drain electrode
and an organic semiconducting channel connecting the source and drain
electrodes, wherein the organic semiconducting channel comprises a

35 polymer, polymer blend, formulation or organic semiconducting layer
according to the present invention. Other features of the OFET are well



a drain electrode, a gate electrode, a sem conducting |ayer, one or nore
gate insulator layers, 25- optionally a substrate. wherein the

sem conduOap1degas preferably conprises a pol yner, pol PEEEPRIIGO03IS?

formul ati on as descri bed above and betlow. 30The OFET device can be a top
gate device or a bottom gate device. Suitable structures and manufacturing
met hods of an OFET device are known to the skilled in the art and are

described in the literature, for exanple in US 2007/0102696 Al. WO
2012/ 028246PCT/ EP2011/ 003952 42 Preferably the gate insulator |ayer is

deposi ted, ekgowpytotpose skiledrig thelact or bl adi ng, wire bar coating, spray or
dip coating or other known nethods, froma formulation conprising an
i nsul ator material and one or nore solvents with one or nore fluoro atons

(f | uor osol vel@FETs phefre rabDy Ganitenidl iz orrasged @sta thin §im bghyeen a gate

erfl uorosol i : ; : uber
2238031 O & he dibotie, dhda |duE§r7‘§‘£prf§? ﬁg}a?éaﬁgkﬁfgﬁ'wﬁa"ﬁﬁ@m’m !

) sol v re in prior
art, |i%ke foraf@ﬂ@ﬁﬁﬂﬁe@[f@%’@mplﬁdf‘d-b%ﬁﬁﬁ?rig“ﬁ?e‘#gém %@5[53 @%528%@0 (from
(Dg\Pont) &L deﬂfgr?igﬁﬁé(lrgieréﬁé@éf}:ilﬁfd th)baﬁkgi&mmﬁédtidmpm@qd_ ovtst FC 43§r)_ |
Cros, : : cia r rred. are organi.c di ctricc materials
having a | owa&é/@ﬁlﬁt&%ﬁ%%‘%@&?@%@?ﬁ% ugmtﬁﬁt o%%ﬂ'e%p{g@ét?%&gfgﬁevery
preferably froompothdsoaccdddifyl tovthie imeerdioinea red’ thusdbe gireca ssgulity faflargeanpl e i n
US 2007/ 0102696, Al _o : ABYIR:Ta]olW ' ETs and
ot her devi cess‘watcﬁssé'}%l#%rcg%g%%?’ .’:ﬁ?@é@ﬁﬁ%ﬁ%%@ﬁ& ng tag@'?]l#\ pFeé’sO;nt
i nventitth, | idireuitnadsisdispiaysrang sersity eanli¢ationsed for RFID tags or
security markings to authenticate and prevent counterfeiting of docunents

of value |ike banknotes, credit cards o ID(g@}rds, n?tion%I | D docunent s,
|i censes or aHye BRisdSOHIGH aRd FERIBEISCRdesaNDEe REYI(IBgF0d ¢ ckets, shares,

cheques et c. .gemiconducting layer in the OFET device may be arranged in any
sequence, provided that the source and drain electrode are separated
15 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:
20 - a source electrode,

- a drain electrode,

- a gate electrode,

- a semiconducting layer,

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

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

30 The OFET device can be a top gate device or a bottom gate device.
Suitable structures and manufacturing methods of an OFET device are
known to the skilled in the art and are described in the literature, for
example in US 2007/0102696 A1.

35 The gate insulator layer preferably comprises a fluoropolymer, like e.g. the
commercially available Cytop 809M® or Cytop 107M® (from Asahi Glass).



Alternatively, the materials according to the invention can be used in
OLEDs, e.g. as the active display material in a flat panel display

appl i cat iwo2o120n8as backl i ght of a flat panel display | ipke/EP2@1/003952 qui d
crystal 25display. Common OLEDs are r4alized using nultilayer structures.
An em ssion layer is generally sandw ched between one or nore

el ectron-transport and/ or hole-transport |ayers. By applying an electric
vol tage el ectrons and hol es as charge carriers nove towards the eni ssion
| ayer where their reconbination |eads to the excitation and hence

| um nescencepﬁg@fr%kglpqhé ulAtBk Ia?e?%“&@;bc%?l@d' Bd IW Pm-eshmy,| ayer. The

i nventive conmpounds erials and {HTQ \é &_}el n _one or nore of
the charge t daatosdiadingywire Qﬁ{d?oaBF‘gi ?Prtabfé?réir‘ﬁ’ §9? phoEer kEBWr”esponm ng to
t Ee' r electr hfélhoé@c#/rorﬂra ftmmﬂ@thorpb@mpntnng%n ingLidter mategidl Badrongser wi t hi In
the emssion |ayer is espec ta erials
35and fil s 8r§ﬂ|‘ﬁ?d‘t§8‘”ﬁ'h8n? ﬁvghqrﬁﬁﬁogﬁ%rﬁ?» é@’ﬁré ﬁlpﬁgﬁggc&%feﬁsp perties

t hemselSves opeefiugrossigent. ¢k suitdhleipesthemnsolyeoiss.or FGBﬁ@danaﬂablerﬁ@m WO

2012/ 028246P /Engai%lfg%g%ééf %@:}t ofer mb?ﬁ&?rbégb’,}@é}saa%dml | as the

processing o P NONOMEr I C oneric an conpounds or
materi al s f ofluphesalieants @rekEpWn ig Rj@fﬁ@"bl“k? %r@mnmi? Beperson skilled in

the art, | 34,
A ga?; Jsee ¢ &gBﬁM;’,%é}@ ToflorYAF @600 &EL400 fdm dleiorﬂt 8r FRIPEpel®lL-

0, 7124-7128 t he re cited
t herei n. Accdgﬁﬁhgym"ﬁrﬂfttﬁ%rp%@éoroﬁﬂ ﬁﬁ%ér"rﬁ@%{@éo Qi ﬁégi( ‘this
inv?anti’fjm, e cﬂill Yoreferead afmwgmqaheledtmmnmgmgmpmpmmms may be
enpl oyed as nat er
descr 1 bed .npamwwggg ‘gt MaGBkofatIc B YR BEHSEN S B8 | ooq
835-837. A fuot4h@|(“lma¢(anateﬁa|$"h@3 disclosiedfor example ind)$30A70192696di sed and
reduced form/Q WS according to this invention. Either |oss or

gai n of el ect’? 0RS resUIté In formation of a highly delocalised ionic form
whi ch is of 15high conductivity. This can occur on exposure to comon

dopant s15 Sui tlﬁ@e‘%uﬂ IP‘caﬁBﬁls nOFETdsar®f otthepdBgicas evithnesmicbaduttirae skill ed
in the art, e.g 662, U The dopi ng

process typi dﬁ?fe;“ql%?%@'qgrt@atpﬁeq{?s%rf 'PH%"t?é}n‘r’g%ﬁ@GéP&?fséﬁﬁﬁ‘?‘Z‘?ﬁ & ith an
oxi dati ng or pedued fgr REENtagsoesacenlibk nTaekiogs tm 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,
20 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
25 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
30 of the lumophor units contained in the emission layer. The inventive
compounds, materials and films may be employed in one or more of the
charge transport layers and/ or in the emission layer, corresponding to
their electrical and/ or optical properties. Furthermore their use within the
emission layer is especially advantageous, if the compounds, materials
35 and films according to the invention show electroluminescent properties
themselves or comprise electroluminescent groups or compounds. The



del ocalised ionic centres in the material, with the correspondi ng
counterions derived fromthe applied dopants. Suitable doping nethods
conpri se wWonoexespbe exposure to a doping vapor in the RCEEPRMIIOIISHressur e
or at a reduced pressure, electrochem3cal doping in a solution 25contai ni ng
a dopant, bringing a dopant into contact with the sem conductor material to
be thermally diffused, and ion-inplantantion of the dopant into the

sem conductor material. When electrons are used as carriers, suitable

dopants are for exanple 30hal ogens (e.g., 12, Cl2, Br2, 1Cl, 1Cl13, IBr and
| F), Lew s aglidgide- &ara&%ﬁzaﬁér’f as V@Fés tﬂ%cﬁrocB%ﬁg @Q@ltEbIeBBr 3 and S(8),
protonic acids, organic acid m no. aci NO3, H2SO4,

HC104, Fsmmwmfml'gonw&r@q PBM%F&?O%B%@JSmege tj"s qu ¥Sereocy,
Fe(Cl04) 3, Fp{dtEMHRGE A1B; kiovih by Zpélisbn SKillstdin thbBst, sebG:g,, TaCl 5,

MoF5, MoCL5, 35 nd, L i i | an noi d),
anions (e.g. 'VF V}EO'zB yn&etlc l\?gtaenai%g% 1@%{0% %&IL{% %%2‘? ., PF6-,
AsF6-, 5SbF6- Phl?sCB&- ZOOWMZAQBMGTMMWI@USQQEBIM Fe(CN) 63-, and
ani ons of various sulfonic acids, such as aryl-S03-). V\hen hol es are used

as carriers, exa;gflﬂes of dopants are cations (e Li, Na+, K+,
and Cs), aI k Alccorging ke apethgr use; thwat%'alﬂﬁcc%ﬁwmth'sa'I”P(ﬁT"i‘% earth rret al's

(e.g., % Pﬁr)ose%ovx %otélb@ﬁd’ésdeﬁb 5d£ rﬁé@%aﬁbé%frﬁ? ed( NC2+)
( BF4"), AgCl 4, H2Ir016 K%f 6H20, . FS0200502 Eé%@ i ne.
R4N+ (R is &R Mae '?%g?fd@b ORies. £r9-ii] diFPIaY ¢GYICE AR SL’IS ﬁ9+ Os an

al kyl  g0oup) 889rBb0RASor (bR Cs\Waelealek l., §tienpy, 2761 998 B3683% for m of the
conpounds of the present invention can be 10used as an organic "netal” in
applications including, but not limted to, charge injection layers and I TO
pl anari si ng lAafpether aspetiEal thephventicnoietates ito bﬁth‘g\e oxidisep andlredused ays and

touch screeng, gk i %MPoLhﬁg%chdlﬁ%ﬁﬁth@ﬁﬂéﬁﬁbN%l%ﬂéé@bﬁéalnw terns or

tracts in electronic applications s S nt ci.rcui.t board
condensers. mm%@ﬁﬁ@aﬁu@rwwﬁﬁh' NYd:sféo @8%?'?‘1‘5 PNt 'CEr'%ant

i nvent i@ ampigh é@n&@ctwytalbubecafrmcdm@nléxpafsgaé\to:ccmhammdbmtgt| ng di odes

(OPEDs), as descr d for ex er et o s 2008
(publ i shed o “I"ﬁ@%g PAMS d;g{% %8?#(&%”%85%#5?\“8 t{)\lgﬁ%ﬁ?o?lﬁé?é ﬁ‘s{g% t he

mat eri al s acegpt, @glg‘rdsm BEmO 28662t USrhy 298,163 aralNChe6/d4689al one or toget her
with other materials in or as alignment |layers in LCD or OLED devices, as

described for exanple in US 2003/0021913. The use of charge transport
conmpounds accldrediloping pre¢rss typically implies treatment of the semiconductor

20 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
pressure or at a reduced pressure, electrochemical doping in a solution

25 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.

When electrons are used as carriers, suitable dopants are for example

30 halogens (e.g., 2, Clz, Brz, ICI, ICl3, IBr and IF), Lewis acids (e.g., PFs,
AsFs, SbFs, BF3, BCl3, SbCls, BBrz and SO3), protonic acids, organic
acids, or amino acids (e.g., HF, HCI, HNO;, H,SO,, HCIO4, FSO3H and
CISO3H), transition metal compounds (e.g., FeCls, FeOClI, Fe(ClOa)s,
Fe(4-CH3CgH4SO03)s, TiCls, ZrCls, HfCls, NbFs, NbCls, TaCls, MoFs, MoCls,

35 WF 5, WClg, UFs and LnClz (wherein Ln is a lanthanoid), anions (e.g., CI,
Br, I, I3, HSO4, S04%, NO3, ClIO,, BF4, PFs, AsFs, SbFg, FeCly,



25present invention can increase the electrical conductivity of the
alignnent | ayer. Wen used in an LCD, this increased electrical
conduct i WoOyoransxeduce adverse residual dc effects in POE/EPMILOMIBE e LCD
cell and suppress imge sticking or, #or exanple in ferroelectric LCDs,
reduce the residual charge produced by the switching of the spontaneous

pol ari sati on 30charge of the ferroelectric LCs. Wen used in an OLED device
conprising a light emtting material provided onto the alignnent |ayer,
this increased electrical conductivity can enhance the el ectrol um nescence

of the lightg g{& Bnanaﬁatn%h@bfvérmuscmwgadersmsé b SESFWHERY tO the
present inventton *havi ng nesogeni c or ui d créstal line %%ze%“ es can
g

form 35ori enh@@saafﬁs!&eldoﬁ)‘-i garfrqqrq.me)@gn;a@g dpeantBRIGLatiRAS ddpecial l y
useful as al NgnnMRNRb2x8d TP almlule@ta]s (@@ha_ﬁCNaaKl Bbirand Gs), alkblings d

crystal WD 2012/ 028246PCT/ 11 5 d sai d
an?lsotropl c EAHM é%ﬁgergﬁa?% 8?33 é@AgS @gig%tblgqe)n\gﬂ@:ﬁon may al so
be conbi ned (ﬁ;b@lsph(N(Ois)QBEa)Mﬂl@@bﬁgb@lgnd&(%gb/mﬁ%@r 656 EPEOFor use in
or as photoa n r rding to
anot helro use Er‘[’gagg{}irﬂoziﬁg ﬁéré %{éﬁ?ﬁ%ﬂo@Pgﬁgﬁmﬁ\%ﬁﬂ%ﬁﬂg ggm al ?y
their wat er - RagAsb(R |ﬁemaﬂmhg\7@sp ﬁﬁﬂ ReGarf? 'é&ﬂ@hﬂﬁfpdp .or ionic side
groups) or ionically doped forms can be enpl oyed as chem cal sensors or

materials for detecting ?nd discrim natlgg H}A}‘F‘c ces 1OSuc uses are
descri bed forfhexgapsiusting f¢! > CRMPQUNER B We \Mﬁat'O'ﬂz Seson, F.
Widl ang D. GseM\VHstéreBr d?i’@cmet\ﬂt in agiliedtiofs includifig Aut¥RAUmied, to] 2287; D,
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cIearIy |nd|c erw se, as used hereln of the terns
herein are t @rinted eiciit DeardsanthedPndRNS§ s -he singul ar form and 20vi ce versa.

15
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
online September 28, 2008).

20
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
2003/0021913. The use of charge transport compounds according to the

25 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
residual charge produced by the switching of the spontaneous polarisation

30 charge of the ferroelectric LCs. When used in an OLED device comprising
a light emitting material provided onto the alignment layer, this increased
electrical conductivity can enhance the electroluminescence of the light
emitting material. The compounds or materials according to the present
invention having mesogenic or liquid crystalline properties can form

35 oriented anisotropic films as described above, which are especially useful
as alignment layers to induce or enhance alignment in a liquid crystal



Thr oughout the description and clains of this specification, the words
"conprise" and "contain" and variations of the words, for exanple

"conpri siwQ2mdst4eonpri ses”, nmean "includi ng but not | ipoirtEPdotiob3i9sand are
25no0t intended to (and do not) excludé ot her conponents. It will be
appreci ated that variations to the foregoing enbodi nrents of the invention
can be made while still falling within the scope of the invention. Each
feature disclosed in this specification, unless stated otherw se, may 30be

repl aced by alternative, features, serving.the ne Ui v . Qr. simlar
pur pose. Thufedigndyovided: o %?ngb,og@a H‘-ﬁ@&'ﬂ?@%‘%@ﬁ%@ﬁ% ' one
exanpl e onl ytd presg®iténientisarmay atsfo teejoomblirest with phiobdisemefisabler es. Al |
of the features discl ' ' k£ catid ﬁq}{m ' LR any
35conbi nat i oﬁ?”‘é’fc‘:’i@? 0331(;%2%': %I{OFAO sh%?vﬁ%?ger Lgét% 'hggs;{gaés{%ﬁgao S%@ﬁg}' g%t’ ures
and/ or st epsaardesaribedlin Y ERE03H0LA91Bn particul ar, the preferred features
of WD52012/028246PCT/ EP2011/ 003952 46 the invention are applicable to all
aspects of the invention and may be used in any. caomj nation. .Li kew se,
ot ur o5 desAaoBEling 0 ABRINE SR haIm e EHBI AN O Ry B o esadts IUSoR of y
g not !B gongiegabb@nytnéﬁfF/a\t?ﬂéolbmeﬁummﬁ?es ¢fdr ekatnprewith poldrhar ibeiat ur es
escri bed above, particular of t refe t i nventive
in their own Sf‘fegﬂ'g)“zm Oﬁbqn'?%gfté%&e(ﬁ%’t?wgof’\ééﬁge%@g%g ci‘enﬁ’ihgl present
i nvention. | geapersdenmagerile faridetecting brd diacghminating DFssequenaases in
addi ti to I ' ' ' I ' 0 The
i nvent ﬁorbn Wi gucﬁo\%v%%gﬁe%%%r@gg%ﬁé%@@‘éd@&iﬁ?ﬁ%@ rt?'e\?véﬂeﬁgcrgﬁ gl?) |ﬂ'fhe
fol | owi ng exaiphesR. Welagsosy & Wudlanda®i (e Vhitton aREtpca NatoACPANPEL t he scope
of the inventjena 166 a®!®@287; Bulwany nedsehs, PcsdHBEGer, F Rifinsamey! )
ester G. C. Bazan and A. J. Heeger, Proc. Natl. Acad. Sci. U.S.A. 2002, 99, 49;
N. DiCesare, M. R. Pinot, K. S. Schanze and J. R. Lakowicz, Langmuir
15 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
of the terms herein are to be construed as including the singular form and
20 vice versa.

Throughout the description and claims of this specification, the words

“comprise” and “contain” and variations of the words, for example

“comprising” and “comprises”, mean “including but not limited to”, and are
25 not intended to (and do not) exciude 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.
Each feature disclosed in this specification, unless stated otherwise, may
30 be replaced by alternative features serving the same, equivalent or similar
purpose. Thus, unless stated otherwise, each feature disclosed is one
example only of a generic series of equivalent or similar features.

All of the features disclosed in this specification may be combined in any
35 combination, except combinations where at least some of such features
and/or steps are mutually exclusive. In particular, the preferred features of



A m xture of acetyl enedicarboxylic acid (25.0 g, 219 mmol ), ethyl hexanol
(103 cnB8, 660 mmol), anhydrous toluene (100 cnB) and sulfuric acid (10 cnB)
i s heat edweat2orai2Baas under Dean-Stark conditions for 17 Rroume201Tioe3s3Dm xt ure
is allowed to cool, brine (200 cnB) aded and the product extracted with
ether (2 x 250 cnB). The conbi ned organic extracts dried over anhydrous
magnesi um sul fate, filtered and the solvent renoved in vacuo to give a
brown oil. The residue is distilled under vacuum (144 C, 0.07 nBar) to give
but - 2-ynedioic acid bis-(2-ethyl-hexyl) ester as a pale 35yellow oil (31.9

?16ﬁ6%m %::2 f(,égﬁo%% a??ﬁ&a?ﬁle%%ﬁ a‘sg@cﬁﬁof(tﬂ\é"'hvéﬁtno%d meyde 1.41
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14.0, 22.9, 23mbinatfdrd ma)-bb uséd Sepdidtely (et .if colrdbindtion).
4, 7-Di -t hi ophen-2-v1-benzof 2, 1, 31t hi adi azol e-5, 6-di carboxvlic acid bis-(2-

5et hyl - hexyl ) ester 25A m xture of
[ 4- (t hi50phen¢t Witl ey doprec)ated that] mbanpdf theofeaurgs pieisopbed akoye- net hanone

1.7 g, 6 | nh 3.8 g,
05 ol 1 < Pty 8 MESpreREd EnlpAdifilit, ¢! vRNEveS il S aht (2.5 O
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m xture pre-ab to silica ‘and % by col umm chr omat ogr aphy

(40- 60 pet r olaltefngtivedeany pvention pgesen
4, 7-di t19 ophen 2-yl - benzo[2 1, 3]th| adi azol e 5 6 d| carboxylic acid

Vo, | 35000 3)1 T inyefapbwif B Bene oG e agulf By lrerdcd to g M £52°
1.75 (2H, m f@l\i)Wln@.eQ@mpleS,SWbmH armnllmazlye onlyLand gel,nad dimitthig, scope. &, 5. 0),
the invention.

15 Example 1

But-2-ynedioic acid bis-(2-ethyl-hexyl) ester
: L
HO (6) H 0 o)
\
\

25

A mixture of acetylenedicarboxylic acid (25.0 g, 219 mmol), ethylhexanol
(103 cm®, 660 mmol), anhydrous toluene (100 cma) and sulfuric acid (10
cm?) is heated at reflux under Dean-Stark conditions for 17 hours. The
30 mixture is allowed to cool, brine (200 cm®) added and the product
extracted with ether (2 x 250 cm3). The combined organic extracts dried
over anhydrous magnesium sulfate, filtered and the solvent removed in
vacuo to give a brown oil. The residue is distilled under vacuum (144 °C,
0.07 mBar) to give but-2-ynedioic acid bis-(2-ethyl-hexyl) ester as a pale
35 yellow oil (31.9 g, 36%). 'H NMR (300 MHz, CDCl5) 0.85 - 0.95 (12H, m,
CHs), 1.23 - 1.41 (16H, m, CHy), 1.57 - 1.70 (2H, m, CH), 4.11 - 4.21 (4H,



WO 2012/ 028246PCT/ EP2011/ 003952 48 7.41 (2H, dd, ArH, J 1.2, 3.6), 7.58
(2H, dd, ArH, J 1.2, 5.0);13C NWR (300 MHz, CDCI3) 10.9, 14.1, 23.0, 23.3,
28.9, 30.W028B/1282468. 9, 126.0, 127. 3,47128. 7, 129.6, 132PET/EP3H1R039353. 7,
167. 9.

54, 7- Bi s- (5- brono-t hi ophen-2-vl)-benzof 2, 1, 31t hi adi azol e- 5, 6-di carboxylic
acid bis-(2-ethvl-hexvl) ester To a solution of

4, 7-di -t hi ophen-2-yl -benzo[ 2, 1, 3] t hi adi azol e-5, 6- di carboxylic acid

bi s-(2-ethyl -hexyl) ester (360 ng, 0.59 nmmol) in 20di chl oronet hane (50 cnB)
and gl aci al F (o} ) M (g1 $4 gdde 5 E§ UGN m de
(210 ng, 1. 136;3151{8 2)Pj}and(il '\{lﬂg ﬁ@tl\ar’g it;lsnm!?ﬁdr(ghﬁgt@’ rggg)ml%s?rrperature for 17
hours. Furt hé8-68%-3ntdedrdihi de (160 ng, 0.90 nmol) is added and the

m xture stirred at roomtenperature for 4 hours. Water (250 cnB) added to
the mixture and the product extrg g 2D di ghl.or anet ¥, 200 cnB).
The conbinedal s ot Sre—trfFed over ¢ ’ ' @Igad.(b?rs | f at e,
filteréd, ancthylehesgl)\aster renoved in vacuo to give a yellow oil. The crude
mat eri al col ummed (40-60 petrol:ethyl acetate; 1:0 to 3:1) to give

4, 7-bi s- (5-brono-t hi ophen-2-yl)- benzo[ 2, 1, 3]t hi adi azol e-5, 6-di car boxylic
acid bis-(2-ethyl-hexyl) ester\as 30an orange/yellow oil (140 ny, 31%. 1H
NVR (300 MHz, CDCI3) 0.78 - 0.92 (\12 m CH3), 1.13- 1.33 (16H m CH2),

1.39- 1.50 (2H, _.m 4.01 -4.13 (A4, m OCH2), 7.12 (2H, d, ArH, J 3.9),
7.15 (2H, d, @R, Jy3.9); 13T NWR (300 M%, CDCI3)°10.9, 14.1, 23.0, 23.4,
28.9, 3M1, 3B.5 68 1,/11 125.2, 12979, 1, 132.7, 136.8, 153.2,
167.6. WO 2012/ 0282/6RCT/ EP2011/ 003952 19 0

i s-(2-ethyl-hexyl)
4, 5- bl di t hi ophene)
1,2-b; 4,5

ester|-alt45,5(2, 6-bi Sr2-thjenvll-#, 8-dioctvl benzol ¥, 2-

Pol y(4, 7- benzo[ 2, 1, Blt PNadi azol e- 5, 6- di car boxvlic ac
} A nixture of 4,8-dioctyl- E?"B‘E-SB‘?@tF{eF?‘?Pét hyl st annany\ - benzo

15
O O
S S
® C
[\
N_ _N
S
25

A mixture of [4-(thiophene-2-carbonyl)-[2,1,3]thiadiazol-3-yl]-thiophen-2-yl-
methanone (1.7 g, 6 mmol), anhydrous toluene (70 cm®) and Lawesson's
reagent (3.8 g, 9.5 mmol) is stirred at room temperature for 2 hours. But-
2-ynedioic acid bis-(2-ethyl-hexyl) ester (3.4 g, 10 mmol) is then added
30 and the reaction mixture heated at reflux for 17 hours. Acetone (50 cm?®) is
added, the mixture pre-absorbed onto silica and purified by column
chromatography (40-60 petrol:ethyl acetate; 1:0 to 3:1) to give 4,7-di-
thiophen-2-yl-benzo[2,1,3]thiadiazole-5,6-dicarboxylic acid bis-(2-ethyl-
hexyl) ester as a yellow/green oil (380 mg, 11%). 'H NMR (300 MHz,
CDCl3) 0.71 - 0.99 (12H, m, CH3), 1.03 - 1.47 (16H, m, CH5), 1.50 - 1.75
(2H, m, CH), 3.94 - 4.15 (4H, m, OCH_), 7.18 (2H, dd, ArH, J 3.6, 5.0),

35



25b] di t hi ophene (133.2 ng, 0.18 mmol ), 4, 7-bis-(5-brono-thiophen-2-yl)-
benzo[ 2, 1, 3]t hi adi azol e-5, 6-di carboxylic acid bis-(2-ethyl-hexyl) ester
(138. 7 ngyvoQom@2ea#6l ), tris(di benzyl -i deneacet one) di pal PE@AIERA§I0003932 6 ny,
0.002 mmol ), tri(o-tolyl)phosphine (282 ngy, 0.007 mmol) is subjected to

t hree successive cycles of vacuumfollowed by refilling with nitrogen. To
30this is added degassed anhydrous toluene (5 cnB) and degassed anhydrous
N, N- di met hyl f or mam de (1 cnB). The mi xture is then heated at 110C for 17

mothanol (1074 Rrb. Brth EryS 307 oaadt R . w Sk i MR TR 61 5o
m nut es. TheMz, l@DC&)ﬂﬂeﬁh bl | 28002318y 28.9,t300, 304, 6826, 112735 et hanol
(100 cnB) to ?hv7e1 gbé %%513 '{g§7cr1%qeg polymer is washed via Soxhl et

extraction w tone, etrol 'and chloroform The WD

2012/ 028246PCT/ EP2011/ 003952 50 chloroformextract is concentrated in vacuo
and preci pi t gtegid M. Br&ﬁbrth%heﬂtmnsﬂen(zém ¢ BRthiadl@R|69 6-aRjarkexligct ed by
filtration and—dried u1c|er cu mto grve

pol y{ 4, 7- ben6itDis-(216th: ' , 6-di carboxyl i ¢ acid bis(2-ethyl-hexyl)
ester}alt-{5, 5(2 6- bIS[2 t hi enyl] 4 8-di octyl benzo[ 1, 2-b: 4, 5-

5b' ] di t hi ophene) } bl ack solid (100 ng, 54% . GPC,(c Iorobenzene) vh:
16, 600, Mw 28, 7002 pd 1.73. Photovoltaic Cell Fabri{atipon and Measurenent

10Organi ¢ phot ovol t (OPV) devices were fabricated on { TO gl ass

substr s (13 0./%qg.))purchased from LUMIEC Cor por at¢ on.) Substrates were

cl eane u5| ng co vents (acetone, iso-propanols—d i zedwater) in an

ultrasonic bath prior }o‘a conventional photolithogtaphy )process that was

carried out to defigeot he bottomgg}matHr/@dﬂs (anodes) oAol5conducti ng

pol ymer pol y(et hy+e€ s v =efie sul fonic

JVPA|
[/

acid) [C evios
dei oni zed- wat fer . soldit ijjon was soni cat ed fo | 2 =X
pr oper rgxmgdf ered>using a 0.2 pmfilter~¥efo pi nvevating to
achi eve t hi cknese\j/of‘N 20 nm Substrates were exposed/t 0\N20020ne prior to

t he spin- coatl ng proséss to ensure good wetting propertg’es. Filns were then
annealed at 130 C for 30 mnutes in a nitrogen atnosphere where they were
kept for the remmi nder of the process. Active materials solutions were
prepared at theagontion of4, 7€d1-tai0¢henraaphmrlm[2 at3lthiadiareld-9,6- t he exanpl es

and stirred Oalgarrrl])'o%}hc amg'tﬂs Eé 'ﬂ‘?yl ‘Pipe&ﬁl) %%{4?6(560 mg, 0.59 mmol) in

20 dichloromethane (50 cm ) and glacial acetic acid (50 cm ) in the dark is
added N-bromosuccinimide (210 mg, 1.18 mmol) and the mixture is stirred
at room temperature for 17 hours. Further N-bromosuccinimide (160 mg,
0.90 mmol) is added and the mixture stirred at room temperature for 4
hours. Water (250 cm3) added to the mixture and the product extracted

25 with dichloromethane (2 x 200 cm®). The combined organic extracts are
dried over anhydrous magnesium sulfate, filtered, and the solvent
removed in vacuo to give a yellow oil. The crude material columned (40-60
petrol:ethyl acetate; 1:0 to 3:1) to give 4,7-bis-(5-bromo-thiophen-2-yl)-
benzo[2,1,3]thiadiazole-5,6-dicarboxylic acid bis-(2-ethyl-hexyl) ester as

30 an orange/yellow oil (140 mg, 31%). 'H NMR (300 MHz, CDCl3) 0.78 -
0.92 (12H, m, CH3), 1.13 - 1.33 (16H, m, CHy), 1.39 - 1.50 (2H, m, CH),
4.01-4.13 (4H, m, OCHy), 7.12 (2H, d, ArH, J 3.9), 7.15 (2H, d, ArH, J
3.9); *C NMR (300 MHz, CDCls) 10.9, 14.1, 23.0, 23.4, 28.9, 30.1, 38.5,
69.1, 116.4, 125.2, 129.9, 130.1, 132.7, 136.8, 153.2, 167.6.

35



25spi n-coated or bl ade-coated in a nitrogen atnosphere to achi eve active

| ayer thicknesses between 100 and 250 nm as neasured using a profiloneter.
A short dwoi2atp/(386od fol l owed to ensure renoval of anyPCE4IPAUAI003962 vent .
Typically, spin-coated films were dri€d at 23 C for 10 m nutes and

bl ade-coated filns were dried at 70 C for 2 m nutes on a 30hotplate. For
the last step of the device fabrication, Ca (30 nm / A (200 nm cathodes
were thermal ly evaporated through a shadow nmask to define the cells.
Sanpl es were neasured at 23 C under the irradiation of 1 Sun using a Sol ar

Si mul at t d
! SRR st s,

OPV devi ce casteacalbd»( m%\ﬁhé&%@h&%? ﬁéméq

/AU

D
PC61BM under |rrad| ation of 1 Sun are shown in table 1. Exarrple 1 20 ng/ m
concentrati on, rayi o OPV: PCBM 60] 5 Exanple 2: 30 ng/m concentrati on,
1:2 ratio OPV: PCBI\/[6 anple 3: 40 ng/mM concentration, 1:2 ratio

OPV: PCBM 60] Exanpl e 30 mg/mM concentration, 1:1 ratio OPV: PCBM 60]
10Exanpl e 5: 30 rrg/m co centration, 1:3 ratio OPV: PCBM 60] Table 1.

Phot ovol tai c cell I stics Example 1 éO{? FF Voc (mv) J" (nNcnR)
(1) 17
\ S
Sn / Y
+ /\ S
17
Pd,dba, / P(o-tol),

15
CeHyy
O O

20

A mixture of 4,8-dioctyl-2,6-bis-trimethylstannanyl-benzo[1,2-b;4,5-

25 b')dithiophene (133.2 mg, 0.18 mmol), 4,7-bis-(5-bromo-thiophen-2-yl)-
benzo[2,1,3]thiadiazole-5,6-dicarboxylic acid bis-(2-ethyl-hexyl) ester
(138.7 mg, 0.18 mmol), tris(dibenzyl-ideneacetone)dipalladium(0) (1.6 mg,
0.002 mmol), tri(o-tolyl)phosphine (2.2 mg, 0.007 mmol) is subjected to
three successive cycles of vacuum followed by refilling with nitrogen. To

30 this is added degassed anhydrous toluene (5 cm®) and degassed
anhydrous N,N-dimethylformamide (1 cm3). The mixture is then heated at
110 °C for 17 hours. The mixture is allowed to cool and poured into stirring
acidified methanol (10% hydrochloric acid, 50 cm3) and the precipitate
stirred for 30 minutes. The solid is then collected by filtration, washed with

35 methanol (100 cm3) to give a black solid. The crude polymer is washed via
Soxhlet extraction with acetone, 40-60 petrol and chloroform. The



0.33 29 627 -1.77 (2) 0.33 34 774 -1.25 (3) 0.39 33 769 -1.54 (4)
29 863 -1.35 (5)
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chloroform extract is concentrated in vacuo and precipitated into stirred
methanol (50 cm3). The polymer collected by filtration and dried under
vacuum to give poly{4,7-benzo[2,1,3]thiadiazole-5,6-dicarboxylic acid bis-
(2-ethyl-hexyl) ester}-alt-{5,5(2,6-bis[2-thienyl]-4,8-dioctylbenzo[1,2-b:4,5-
b']dithiophene)} as a black solid (100 mg, 54%). GPC (chlorobenzene) My:
16,600, My,: 28,700, pd: 1.73.

Photovoitaic Cell Fabrication and Measurement

Organic photovoltaic (OPV) devices were fabricated on ITO-glass
substrates (13 Q/sq.) purchased from LUMTEC Corporation. Substrates
were cleaned using common solvents (acetone, iso-propanol, deionized-
water) in an ultrasonic bath prior to a conventional photolithography
process that was carried out to define the bottom electrodes (anodes). A
conducting polymer poly(ethylene dioxythiophene) doped with
poly(styrene sulfonic acid) [Clevios VPAI 4083 (H.C. Starck)] was mixed in
a 1:1 ratio with deionized-water. This solution was sonicated for 20
minutes to ensure proper mixing and filtered using a 0.2 ym filter before
spin-coating to achieve a thickness of 20 nm. Substrates were exposed to
ozone prior to the spin-coating process to ensure good wetting properties.
Films were then annealed at 130 °C for 30 minutes in a nitrogen
atmosphere where they were kept for the remainder of the process. Active
materials solutions were prepared at the concentration and components
ratio stated in the examples and stirred overnight. Thin films were either
spin-coated or blade-coated in a nitrogen atmosphere to achieve active
layer thicknesses between 100 and 250 nm as measured using a
profilometer. A short drying period followed to ensure removal of any
residual solvent. Typically, spin-coated films were dried at 23 °C for 10
minutes and blade-coated films were dried at 70 °C for 2 minutes on a
hotplate. For the last step of the device fabrication, Ca (30 nm) / Al (200
nm) cathodes were thermally evaporated through a shadow mask to
define the cells. Samples were measured at 23 °C under the irradiation of
1 Sun using a Solar Simulator (Newport Ltd, Model 91160) as the light
source and using a calibrated Si-cell as the reference.

0.33



0.26 32 750 -1.06 20 25 30 WD 2012/028246PCT/ EP2011/ 003952 52 Pat ent
Clains 1.Polynmer conprising one or nore identical or different repeating

uni ts of woraid@side wherein an asterisk indicates a |iP/EPROIA/0M®S2Zhbour ed
group, Ws S, Se, 0 or NrRx, 15 51

OPV device characteristics for blends of polymer examples (1)-(5) with
PCg1BM under irradiation of 1 Sun are shown in table 1.

Example 1: 20 mg/ml concentration, 1:2 ratio OPV:PCBM[60]
S Example 2: 30 mg/mi concentration, 1:2 ratio OPV:PCBM[60]
Example 3: 40 mg/ml concentration, 1:2 ratio OPV:PCBMI[60]
Example 4: 30 mg/ml concentration, 1:1 ratio OPV:PCBM[60]
10 Example 5: 30 mg/ml concentration, 1:3 ratio OPV:PCBM[60]

Table 1. Photovoltaic cell characteristics

Example n (%) FF Voe (MV) | Jsc (MA/CmM®)
() 0.33 29 627 .77
15 ) 0.33 34 774 -1.25
3) 0.39 33 769 -1.54
() 0.33 29 863 -1.35
(5) 0.26 32 750 -1.06
20
25
30

35



El, E2 are -0-C(0)- or -C(0)-0-, Rxis H or straight-chain, branched or
cyclic alkyl with 1 to 30 C atons, in which one or nore non-adjacent C
atons ar ewdQopdzenal | y replaced by -0-, -S-, -C(0)-, -CpoxAP2011/0039€%0) -,
0-C(0)-0-, -CH=CH orand in which one2or nore H atons are optionally
replaced by F, d, Br, | or CN, R1, R2 are, each independently
of one another, an optionally 25substituted Cl140 carbyl or hydrocar byl
group. 2.Polyner according to claiml, wherein RL and R2 in fornula | are
sel ected from strai ght-chain, branched or cyclic alkyl with 1 to 35 C
atons, in which one or nore non-adjpagt Clapghens are optionally 30repl aced
by -0-, -S-, -C(0)-, -C(0)-0-, -0-C(0)-, -0-C(0)-0-, - CR=CR- or -CC and
in which one or nore H atons, are optional Ly repl ac by F, d. Br,. | or CN,
or denote aryll, WAWPEREYMPIrIFING R OF H&r%ﬂ%gi}tS?BLQQ,g%gf‘%}?tdsP%%Wﬁ uhits
het er oar yl car bonyf foraithg¢ar bonyl oxy, het er oaryl car bonyl oxy, aryl oxycar bonyl
or 35het eroaryl oxycarbonyl having 4 to 30 ring atons that is unsubstituted
or sub$tituted by one o&ém)re non-aromati ¢ groups R3, wherein WO
2012/ 028246PCT/ EP2011/ 992 53 R3is on each occurrence identically or
differently F, Br, d, , -NC, -NCO, -NCS, -OCN, -SCN, -C(O0)NRR, - C(0)X,
-C(0)R, -NH2, -NRR, -Sp SR, -SO03H, - SO2R, -OH, -N®, -CF3, -SF5,
optional |y substityted Lcarbyl or hydrocar byl with 1 to 40 C atons
that is optionally subg ted and optionally conprises one or nore hetero
atons, or P-Sp-, 10R and R are_independently of each other H or optionally
10 R-E’ E2R2

wherein an asterisk indicates a link to a neighboured group,

w is S, Se, O or NR”
15 ‘
E' E®> are -O-C(O)- or -C(0)-O-,

R* is H or straight-chain, branched or cyclic alkyl with 1 to 30 C
atoms, in which one or more non-adjacent C atoms are
20 optionally replaced by -O-, -S-, -C(O)-, -C(0)-O-, -O-C(O)-,
0O-C(0)-O-, -CH=CH- or -C=C- and in which one or more H
atoms are optionally replaced by F, Cl, Br, 1 or CN,

R' R? are, each independently of one another, an optionaily
25 substituted C1.40 carbyl or hydrocarbyl group.

2. Polymer according to claim 1, wherein R' and R?in formula | are
selected from straight-chain, branched or cyclic alkyl with 1 to 35 C
atoms, in which one or more non-adjacent C atoms are optionally

30 replaced by -O-, -S-, -C(O)-, -C(0)-O-, -O-C(0O)-, -O-C(0)-0O-, -
CR°=CR%- or -C=C- and in which one or more H atoms are
optionally replaced by F, CI, Br, | or CN, or denote aryl, heteroaryl,
aryloxy, heteroaryloxy, arylcarbonyl, heteroarylcarbonyl,
arylcarbonyloxy, heteroarylcarbonyloxy, aryloxycarbonyi or

35 heteroaryloxycarbonyl having 4 to 30 ring atoms that is unsubstituted
or substituted by one or more non-aromatic groups R®, wherein



substituted C1_40 carbyl or hydrocarbyl, Pis a polynerisable or
crosslinkabl e group, 15Spis a spacer group or a single bond, and Xis

hal ogen. BOROIYyM8¥M6according to claim1 or 2, which is Er&reed/o6dst or nul a
Il 20 -[(Arl-U-Ar2)),-(Ar3),An-11 wheBein 25U s on each occurrence
identically or differently a unit of fornula | as defined in claim1, Arl,
Ar2, Ar3 are, on each occurrence identically or differently,. and

i ndependently of each other, aryl or heteroaryl that is 30 optionally
substituted, preferably by one or nore groups R3 as defined in claim2, and
one or both of Arl and Ar2 nay also denote a single bond, Y1 and Y2are

I ndependently of gach ot her.

2012/ 028246PCT/ EFR011/ 00395‘>§°§£%?Ps°°8H"8§8ﬁ gty or gifferenty EaPy"b
differently 0, 1 or 2, wher€Nj-NE, aNCiGabiCHrOCGNpE&INNE (MNR R™ e. |n at
| east one unit -[(Arl-U Ar p3 NGy L PR 0D N AACKROC nce
identically or differentl y?()O(d)ﬁ -)d(&)’)Rm gﬁi ll\l?]étg Sﬁ C§R “SOHE

5 , -OH, -NO,, -CF3, -SF5 optlonally substituted

snlyl, carbyl or hydrocarbyl with 1 to 40 C atoms that is
optionally substituted and optionally comprises one or

more hetero atoms, or P-Sp-,

10 R° and R% are independently of each other H or optionally
substituted C1.4¢ carbyl or hydrocarbyl,

P is a polymerisable or crosslinkable group,
15 Sp is a spacer group or a single bond, and
x° is halogen.

3. Polymer according to claim 1 or 2, which is selected of formula I

20
A(Ar-U-AP)(AP) - I
wherein
25 U is on each occurrence identically or differently a unit of

formula | as defined in claim 1,

Ar' A%, Ar’ are, on each occurrence identically or differently, and
independently of each other, aryl or heteroaryl that is
30 optionally substituted, preferably by one or more groups
R® as defined in claim 2, and one or both of Ar' and Ar?
may also denote a single bond,

Y'and Y?  are independently of each other H, F, Cl or CN,
35



4. Pol ymer according to one or nore of clainms 1 to 3, which is selected 100f
formula Ila RA-[(Ar1l-U Ar2),-(Ar3)y]n-R5lla wherein U, Arl-3, n, x and y
have t he woani21gs246f claim 3, and 15 20 R4 and R5 have PRU&APNAOMSY of
each other one of the neanings of R3 3n claim 2, or denote H, -CH2Cl, -CHO
-CH=CH2, -SIRR'R', -SnITR'R'",-BR R', -B(OR)(OR"), -B(01-)2, or P-Sp,
wherein P and Sp are as defined in claim2, R, R' and R' have

i ndependently of each other one of the nmeanings of Rin claim2, and two of
R, R and R" may also forma ring together with the hetero atomto which

they are attached. 255. PolygReadh@RtdirBacé RichhtiahMy dr @fefenty®@rebp2Arl and
Ar2 are independently of each ot her ?eeal cted fromt
I

d he. gr ou nsi sting of,
t hi ophene-2, 5-diyl, thi azoM&e5ei5.1gajfe Qr‘@r{SFﬁ%Wég Engqcﬁﬁrﬁag%ﬂ%n 2, 5-
di yl', thieno[3, 2-Db]thi opheoaedirfitf(Arl-U-AH).etot)d- 3 18] t,hi ophene- 2, 5-di yl ,
sel enopheno| 3, 2- b] sel enophene- 2, 5-di yl, sel enopheno[ 2, 3-
30b] sel enophene- 2, 5-diyl, sel enopheno[ 3, 2-b] t hi ophene-2, 5-diyl, and
sel enopheno[ 2, 3- ] t hi ophends an Badh ocalitrente whanticaly er differentty @.ut ed?2, or
nono- or pol ysubstituted with R3 as defined in claim2, and one of Arl and
Ar2 may al so denote a single bond. W) 2012/028246PCT/ EP2011/ 003952 55
consi sting of 1, 4nphenyl enejs 2n#tgpeyano- 1, 4- phenyl ene, 2, 5-di cyano,
2,3-difluro-1, 4- phenyl ene, 2,5-difluoro-1, 4-phenyl ene, 2,3,5, 6-
tetrafluoro, 3,4-difluorothiophene-2, 5-diyl ridines2, 5-divyl
pyri m di ne2. %- di ﬁq'wﬂﬁbﬁ?%{fj!!&et-%?%% af m°,rgPﬁPg%ﬂéﬂet9 ,vé’YWFel'é,/Sé'eCted
sel enoplgene- 2, 5- opebryhulatifa eno[ 3, 2- b] t hi ophene- 2, 5-di yI ,
t hi eno[ 2, 3-b] t hi ophene- 2, 5-di yl, sel enopheno[ 3, 2-b] sel enophene- 2, 5-di yl,
sel enopheno[ 2, 3- b4] sel1enop ene-2, 5-diyl,
sel enopheno[ 3, 2- I} tHADPBATERZAE)GI- R, sel enopheno[ 2, 3- BBt hi ophene- 2, 5-di yl ,
benzo[ 1, 2- b: 4, 5- bl di t hi ophene-2, 6-diyl, 2,2-dithiophene, 2,2-disel enophene,
di thi 3,2- 10b:2',3" -d]sjdole-5 5-diyl, dithi 3, 2-b;
2! 1 3! -egﬂ)yr rol e- awl@reiry% }\Zﬁ (I?’l, )e( andy hlc\%//e the }nealn?n%%[of’c%alm 3, and
15
R*and R®> have independently of each other one of the meanings
of R? in claim 2, or denote H, -CH,Cl, -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 claim 2, R’,
20 R" and R" have independently of each other one of the
meanings of R in claim 2, and two of R, R" and R™
may also form a ring together with the hetero atom to

which they are attached.

25 5.  Polymer according to claim 3 or 4, wherein Ar' and A are
independently of each other selected from the group consisting of,
thiophene-2,5-diyl, thiazole-2,5-diyl, selenophene-2,5-diyl, furan-2,5-
diyl, thieno[3,2-b]jthiophene-2,5-diyl, thieno[2,3-b]jthiophene-2,5-diyl,
selenopheno[3,2-b]selenophene-2,5-diyl, selenopheno[2,3-

30 b]selenophene-2,5-diyl, selenopheno[3,2-b]thiophene-2,5-diyl, and
selenopheno(2,3-b]thiophene-2,5-diyl, all of which are unsubstituted,
or mono- or polysubstituted with R® as defined in claim 2, and one of
Ar' and Ar” may also denote a single bond.

35 6. Polymer according to to one or more of claims 3 to 5, wherein Aris,
on each occurrence identically or differently, selected from the group



cycl openta[ 2, 1- b: 3, 4- b] di t hi ophene-2, 6-diyl, carbazole-2,7-diyl,
fluorene-2,7-diyl, indaceno[1l, 2-b:5, 6-bl dithiophene-2,7-diyl,

benzo[ 1" ,\R0:24128282465" : 41, 51bi s(sil ol o[ 3, 2-b: 3", 2' - bl t hi ePRAR2)HR03P52U yI ,
phenant hro[ 1, 10, 9, 8-c, d, e, f, g] carbazdiSe- 2, 7-di yl , benzo[ 2, 1, 3]t hi a-

15di azol e-4, 7-di yl, benzo[ 2, 1, 3] sel enadi azol e-4, 7-diyl, benzo[ 2, 1, 3] oxa-
di azol e-4,7-diyl, 2H benzotriazole-4,7-diyl, 3,4-difluorothiophene-2, 5-
di yl, quinoxaline-5,8-diyl, thieno[3,4-b]pyrazine-2,5-diyl, thieno[3,4-
b] t hi ophene-4, 6-diyl, thieno[3, 4- b]thiophene 6, 4-di yl,

3, 6- di - t hi en- 2- Ykeﬁé ':Sﬁ’th bf1 4-pgHeil ?ﬂ-d?cy‘é'n@ 4-p¢i’enylene 2,5-dicyano,
[1,3]thiazol 0[5, 4

t hi zoI | of “whi e
unsubst it uted, oPs 3?3%'6” br“ Wéﬂ?ﬁ@t 5@5@&'0}/%’1 'P%”H%”%‘e??rié inclaim?2.
7. Polymer accor @btrm‘luo@op&,a difluomtisiophent-d, rliyl, pyoidine W@deyi pyRinidimé- or  R2

f0 30 C at oms, - SecsHkrPRtRIEREZ bl HiofldrEss 5 A ¥eellophBRet Y o Mary
al kyl &r al koxy iy thiertaf3 20bkhiapbemse- 2v5rd'ryd;ithiein|¢[%18+b]tmm§1£rgarBL%GIYbne or
more H atons are Qphq ?rﬁ%'nbg% Q%ﬁé?@ﬁg?ﬁ?néi §E| stemp‘?fen 8re selected

fromthe group cORST St oxy, t'er oar yI ‘het er oar yl oxy

that is optional I%%@’R@ﬂ"@ﬁ"éﬁi ord szﬁ B, gridthirghenerd.53divki ng at ons.
8. Mxture or bl %@%rfdiiﬁféhb{% Bga]m@pr%nemrsedupplb)éﬁem zaﬁepscbm to one or

T o ot e L hiaphene b Ga8aCh 2 R aiouRe 44 i ie AT SRRz oo r on
bl ocki [1_@) el es\;)r %?fl'?' ad]smmwnyg , difffienal8 (@t 2 8l-dlpyaold-bdhdiyemiH-t i ng
properties. WO 2014/ 928446P0Y FE0IAARE00D @O TOLIHLALEONT SRR i Si ng_one

nor e polyrrers rmre of clains 1
to 8, and one or fluwrena3A-diyl, dndaceriali 2y, &-bﬁ@lﬂll@phemejﬁﬂoﬁyém c sol vents.

Use of a polymer.,dy x4 24 Bl 2. 4”5]B%r(§ﬂ8kg§'zlﬁ PoCoNigphene) onrag, more of

clains 1 to 9 as charge’transport,’ sem copductin ectri conduct i ng,
phot oconduct i ng mhaﬁa@mro&HPﬁ $r§ G He3] a?‘?l‘e??p? déﬁ e@ﬁ‘lé% %?I cal , )
alo tect r |Om C| elt eCtd"l?idlMEWnﬁer?io[@h%]@é!éﬁbd%&@@# 7cm;rp@eazb§z vB]aleni ces.
ical, electroopti roni i Ce,conpris one or
nore pol yners, 919@'(1%@ IC'” n%g a'éll gg%ge% ﬁ%thf % gm)re of
claims 1 to 9. Cctmdpqarmbxahn@léyﬂ -diyl,dbieon(s, qg)]pyrazinaﬁrﬁidllyl ttherd{3i4 sel ect ed
f th f | t hi
1romine group g‘%{)%ﬁ E@ 8&??@.@80 3‘ %! b‘jth Qﬂn%% 4, !Etacﬂgl' §t6°8?th é?FEK)I in
capacitors, radi cpyfrrd@[@e%@lpwr@éerﬂ i4- ﬂ@@ﬂ, onl1. '@iob 4- d]He?«rF'@@éO'@rz 5-
conponeghs, orga 9| Hl%hbvh%ﬂ éutel @Igsdﬂsﬂﬂﬁéd(é?—rﬁg}xo- 8F S@I%Gbéﬂtgfétd etk ti ng

transi stors (OLE ane l'ays, backlights of "displays, organic
phot ovol t ai ¢ devi §S@ '%GFQP ells, laser diodes, photoconductors,
phot odet ect or s, electrophotographlc devices electrophotographic recordi ng

devi ces, or ry 25devi sensor devic r tion |ayers,
char ge trangp rt 'gely ééaccorcy § % ond O Widre s clalﬁ%H: é Hhetdth 88 y

and/or R? are selected from the group consisting of primary alkyl or
25 alkoxy with 1 to 30 C atoms, secondary alkyl or alkoxy with 3 to 30 C

atoms, and tertiary alkyl or alkoxy with 4 to 30 C atoms, wherein in

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

or R" and/or R? are selected from the group consisting of aryl,

aryloxy, heteroaryl and heteroaryloxy that is optionally alkylated or
30 alkoxylated and has 4 to 30 ring atoms.

8. Mixture or blend comprising one or more polymers according to one
or more of claims 1 to 7 and one or more compounds or polymers
having semiconducting, charge transport, hole/electron transport,

35 hole/electron blocking, electrically conducting, photoconducting or
light emitting properties.



| ayers or interlayers in polynmer light emtting diodes (PLEDs), Schottky

di odes, planarising |layers, antistatic filnms, polyner electrolyte nenbranes
(PEM, comouetmge4substrates, conducting patterns, el ecPCcod@2mmanesdwsal s in
batteries, alignnent |ayers, 30biosen®ors, biochips, security markings,
security devices, and conponents or devices for detecting and

di scrim nating DNA sequences. WD 2012/ 028246PCT/ EP2011/ 003952 57 14.
Mononer of forrmula la R4-Arl-U Ar2-R5la S5wherein Uis as defined in claim3
or 7, and Arl, Ar2, R4 and R5 are as defined in claim4 or 5. 15. Process
of preparing a polynmer according to one or nDre of clainms 1 to 7, by
coupling one _or nore Egponers accordlﬁg to cl

m 14 w 'rth 10e (f c?t her,
and/ or with 8ne 6PREIALICRSEARYYNGONE WBF%‘P Xmers, mixiyes %% ¢ds

wherein R4, R5 aadcdidhdgitceons oehonesaf atieism & 8y afd one amnanw:*.elmems

15coupling react brek ra2be 23leted from organic solvents.
5

10. Use of a polymer, mixture, 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

10 photoluminescent components or devices.

11. Optical, electrooptical or electronic component or device comprising

one or more polymers, mixtures, blends or formulations according to
one or more of claims 1 to 9.

15

12. Component or device according to claim 11, which is selected from

the group consisting of organic field effect transistors (OFET), thin
film transistors (TFT), integrated circuits (IC), logic circuits,
capacitors, radio frequency identification (RFID) tags, devices or

20 components, organic light emitting diodes (OLED), organic light
emitting transistors (OLET), flat panel displays, backlights of
displays, organic photovoltaic devices (OPV), solar cells, laser
diodes, photoconductors, photodetectors, electrophotographic
devices, electrophotographic recording devices, organic memory

25 devices, sensor devices, charge injection layers, charge transport
layers or 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,

30 biosensors, biochips, security markings, security devices, and
components or devices for detecting and discriminating DNA
sequences.

13. Component or device according to claim 11 or 12, which is an OFET
35 or a bulk heterojunction OPV device.
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Monomer of formula la
R*-Ar'-U-Ar%-R® la

wherein U is as defined in claim 3 or 7, and Ar1, Arz, R* and R® are
as defined in claim 4 or 5.

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®

wherein R*, R® and Ar® are as defined claim 4 or 6, in an aryl-aryl
coupling reaction.



