P10205 pfees MO 2012/ 052099PCT/ EP2011/ 004730 Conj ugated Pol ynmers Field of the
I nvention 5The invention relates to novel polyners containing repeating
uni t s baswo 20re/d520920[ 1, 2-d; 4, 3- cf] bi st hi azol e, nononer s PEMEPAELILINELHSO f OF
their preparation, their use as sem conductors in organic electronic (OE)
devi ces, especially in organic photovoltaic (OPV) devices, and to CE and
OPV devi ces conprising these polyners. 10 Background of the Invention In
recent years there has been growing interest in the use of conjugated,

sem conducting polyners for elec ns. One particular area
150f inportance is organic phot oé\;gm“ Hm&wé%onj ugat ed pol yners have
found use in OPVs as they allow devices to be manufactured by

sol uti on- pr oggsgy gFIht eeveNntiBes such as spin casting, dip coating or ink jet
printing. SolTtion processing can be carried out cheaper and on a | arger
scal e conpared to the evaporative techniques used to nmake inorganic thin
film2@levi cefhe mehﬂ@m r¢latgsoloymeve! ipayedestuaintainingaiepedting ceits dasedchi evi ng
efficiencies up 1o rv td n absor ber
of the solar Oéﬁg 2h§ gﬂgls'gl% %@nggﬁg%ﬁérs%%d r‘ﬁ%trg)lﬁcs rgqrtglyr enent of the
i deal pol yrrerpréadmloginthe)r ab%astﬁemeormatmﬁnmﬁrgamaé edegteanie feEdrum A
commnl y_usehecy e e&i%uw bRYAfiE BhBRRBILIRAOYCRNIGAA R tBBEERHS 1S Lo

utilize an alternating copoly consi stin both el ectron rich donor
units and el €2PVo¥e\deds 6@@9(‘5'98686?%190 ers- WI thin the pol ymer backbone.
30Addi t{@nal | y, the HOMO and LUMO | evel s of the pol yner should be

Background of the Invention

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 Additionally, the HOMO and LUMO levels of the polymer should be
optimized to maximize the open circuit votage (Voc).

One candidate which has been suggested utilized as donor unit within the
polymer backbone is benzo[1,2-d,4,5-d'Ibisthiazole:
35



optim zed to nmaxim ze the open circuit votage (VO). One candi date whi ch has
been suggested utilized as donor unit within the pol ymer backbone is

benzo[ 1, 2W6;241285209P bi st hi azol e: 2 - Copolyners of beRZGH[EP2®HM04730

4, 5-dl bi sthi azol e and t hi ophene are descsi_bed in E. Ahned, F. S. Kim H.
Xin and S. A Jenekhe, Macronol ecul es 2009, 42, 8615-8618 and I. Gsaka, K
Taki mya and R D. MCul | ough, Adv. Mater. 2010, published online. However,
t hese polyners have limted solubility in comonly used organic sol vents,
which can inhibit their suitability dar stevidte nmanufacturing nethods based
on solution processing. |In addi t'Lor<\
nmobility. Therefore, there is still \\gteed+a organi c sen conducting (0OSC)
materials that are easy to synthesize, especially by nethods suitable for
mass production, show good structural organization and filmformng

proper ties, eXhidl i HOBHhENEGH 2B L5 RABRHILGE 3 RRRTIRINeYar® JUsiApEar 0o
carrierdmobi | 7Ty, ’good processibili'ty, especially a high sol ubil |t§/) in
organi ¢ sol vent%,/\fuﬁ@dhli?gﬁ- Kinaolil Xinjang Safy: Jepskheilacpmalecyles 20R90pv
cell's, there j5 g518eg6hd ahd PSOsERS &K PAISMAY hRg RaD! MeCABAgRPAdWLI ch enabl e
i nproved |ight har Vﬁﬁ@'ﬁﬁ) b\é t.he .Bhot oactive layer and can | ead to higher
cel | efficiendpiss, 2 liSBEIQNMIPEr from open circuit potentials (VOc) in
OPV bul k- het eroj uncti on devices, or do so to a | ower extent than polyners

fromprior art. It S _an_ai or. I t] [ npounds
for usel@s or@%WFXe}Q@W%OR%aeﬁ%SBRgtI&'| ?ﬁ%‘?%gﬁ\ﬁ' & °m5@¥%%?h%88§§m%ks
of prior art swiventsawbichscateinbihibibeiranitabilityaios dexiog mangfastuting ze,

especial |y by, s%q’ RRbRtbA T rBBESSIRG . AH Weldithih, tRE\stlPd&BERAGS | Y show
good pr ocessi Bi _ |Jtz_§y%fj&?n g_ést agll lI ﬁtpyr, goé sol ubi| faiht’ywsor gani ¢ sol vents,

hi gh charge ceatisfapg meRllityty, and a | ow bandgap. Another aim of the

i nvention was to extend the pool of OSC nmaterials available to the expert.

rom t heat ol | BIFRETSeATP b SHE Bttt Bp Aradmis Seficaniuiting Teico fapiegiafe P
conj ugat ed poihgtars easyrfo sginthgsizepespeaia)iyby nethdds sutablafor masenzol 1, 2- d;
4, 3-d] bi st hi I ] Jala]| d

this unit shobioghsiBainbw sboRiE Rl ofoafizaB8f I FFORRIN Bichehfic on
sol vents, andexhibitghod elegieiiapropesties.aspecialy a kigh«<harge eapiesmelilityn usi ng

sol ution pr OCgéé& g%a&%lmﬁg- e¥eddlf SAIGRH dIMBIityiRYgSMEe Wofveheyvapandaap,
hi gh charge carrier nobili,

| nob and high oxidatjve stability and e prom sing
mat eri abp forh'@hgséﬁb'BtYe'P&%%{ﬁ?ﬁ&'a&?‘éfe%%@sébé{s?@éi g 'gﬁr"e@ Ofevi ces. 10
Summary of theg@ueiéligls hbving avenbantdgaps! whieh dnable PamovedtigHt pol yner
COMPY i S1 N9, 0N QlesfTRE By tAS ioflctfE 15hdr dHFBin 63898 HiGe i GrE8ALRLN N9 2
and do not suffer from open circuit potentials (Vo) in OPV bulk-hetero-

junction devices, or do so to a lower extent than polymers from prior art.

25
It was an aim of the present invention to provide compounds for use as

organic semiconducting materials that do not have the drawbacks of prior
art materials as described above, are easy to synthesize, especially by
methods suitable for mass production, and do especially show good

30 processibility, high stability, good solubility in organic solvents, high charge
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
following detailed description.

35
The inventors of the present invention have found that these aims can be



20 | wherein an asterisk indicates a link to a nei ghboured group, and Rl
and R2 are, each independently of one another, H, hal ogen, or an optionally
substi t utwo 20evasg99or hydr ocar byl group. 25 The inventi @aTiERRa1he0478€] at es
to a conjugated polynmer conprising one nore repeating units which
contain a noiety of formula | and/or contain one or nore units (hereinafter
also referred to as Arl, Ar2 and Ar3) selected fromaryl and heteroaryl
units that are optionally substituted, and 30wherein at |east one of the

repeating units. in,the pol r nt al I ' i L Qf rmula I.

pr ot or ably. RENEHEd &Y B e BRBER Baners B o TeoERind g8 na .
branched or thatlcootaihlaybente[,2dido338bsthiazote moistyahi ch one or nore non-
35adj acent C at ons are optionally replaced by -0-, -S, -C(0)-, -C(0)-0-,
-0- C(0)-, -0- C(O% -CR=CR- or -CE---C- and in which one or rmreH -4
atons are opitivam qtsﬂdr*é‘@f( seBligajed-polgmergbased on i upit shew®hr y| |

het erogryl, ng’déééﬁbthéﬁa fhii’gh/h@PlehtyarrVd)@ahR%bN/entbeéﬁd afs Wuar bonyl
arylcarbonyl

het er oaryl ox?éé‘?‘fd%ﬁ* ﬁ%?)érfégk" %ﬁgférérﬁa éymsghﬁ%ﬁm§%w§%§§'f‘9ut ed or
553252 Inél g; teflnmthog\icmtrth@tianemm@,rtbeyshowgi tm:\pbamga;:q/rmglecha@els;mma; are
Ih;drtlgcar byl , gj RéE CLX' t@&rﬁgh@&%éﬁ @%ﬁ'%h:ér'%gﬁ%§gcﬁt rbaﬁl,c Br,
a, -CN electronlc OE devices, especially for OPV devices.

10

Summary of the invention

The invention relates to a conjugated polymer comprising one or more
identical or different repeating units containing a moiety of formula I:

15
R} R’
| ) |
*/ks s)\*

20

wherein an asterisk indicates a link to a neighboured grdup, and R" and

R? are, each independently of one another, H, halogen, or an optionally

substituted carbyl or hydrocarbyl group.
25

The invention further relates to a conjugated polymer comprising one or
more repeating units which contain a moiety 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

30 wherein at least one of the repeating units in the polymer contains at least
one moiety of formula |.

Preferably, R' and R?in formula | are selected from H, straight-chain,

branched or cyclic alkyl with 1 to 35 C atoms, in which one or more non-
35 adjacent C atoms are optionally replaced by -O-, -S-, -C(O)-, -C(O)-O-, -O-

C(0)-, -0-C(0)-O-, -CR°=CR%- or -C=C- and in which one or more H



-NC, -NCO, -NCS, -QOCN, -SCN, -C(0O)NRR, -C(0)X, - C(O0)R -NH2, -NRR, -SH,
-SR, -S03H, -S2R, -OH, - N2, -CF3, -SF5, optionally substituted silyl,
car byl orwbypdrasambyl with 1 to 40 C atons that is opti @CaHPROILBE4TBET i t ut ed
and optionally conprises one or nore het ro atons, or P-Sp-, Pis a

pol ynmeri sabl e or crosslinkable group, 20Spis a spacer group or a single
bond, and Xi s hal ogen. The conj ugat ed polyners according to the
present invention are 25preferably selected of formula Il:

-[(Ar1-U-Ar 2)a¥orﬁé\fa$é>68ﬂohéw/f@m§¢éu BY FUct, B | 8REN ercdgrfo@éléﬂ/ll denticall'y or
differently a noilet

Tornu des e an Arl,
Ar2, Ar3 are he&roaé)dhaw&eiyp P@Fﬁf@afyié‘m %@F@@O&Vﬁg‘# PR ?%@O"QYnd
3513 ndependgnté cfgifbdhﬁjrmyohbtﬁroaqﬂqdrbomylbﬁ\} @rrplas(yctarbbayl ors opt i onaI |y .
substitute refer hove, an
one or both ﬁtqp@rﬁ%yc'ﬂréoﬁ)a}ay@é@?& E‘nggtgl ngh %Saﬁr('jgﬂ{?' 2are
i ndeperfident | yubbtitded bytdmer oHNoFe nGh-asemakic glrtsuramRe,aﬁher@(UEur r ence

identically or differently 0, 1 or 2, wherein in at |east one repeati ng

unit, i.e. |n0at | egst one unit -[(tArI U Ar2)x- (Ar3amMm, x
and R are independently of each other H or optlonally substltuted

C140 carbyl or hydrocarbyl,

10 R® is on each occurrence identically or differently F, Br, CI, -CN,
-NC, -NCO, -NCS, -OCN, -SCN, -C(O)NR°R®, -C(0)X", -
C(O)R®, -NH,, -NR°R®, -SH, -SR®, -SO3H, -SO;R°, -OH, -
NO,, -CFj3, -SFs, optionally substituted silyl, carbyl or
hydrocarbyl with 1 to 40 C atoms that is optionally

15 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.

The conjugated polymers according to the present invention are
25 preferably selected of formula II:

[(Ar-U-AP)(Ar),]n- I

wherein
30
U is on each occurrence identically or differently a moiety of
formula | as described above and below,

Ar' A, A are, on each occurrence identically or differently, and
35 independently of each other, aryl or heteroaryl that is
optionally substituted, preferably by one or more groups R®



10i s on each occurrence identically or differently O, 1 or 2, is an integer
> 1. The invention further relates to nononmers containing a noiety of
formul a MO201i5e0v9are suitable for the preparati on of E®CHjRERQEILAM7POI yners
as descri bed above and bel ow. The inventdgon further relates to a m xture or
bl end conprising one or nore polynmers according to the present invention
and one or nore additional 20conpounds or polyners which are preferably

sel ected from conpounds and pol yners havi ng one or nore of sem conducti ng,

charge transport, holegradiineldiiyel GABYHR ér bdtflot 20! ol 9GE hody Agcki ng,
el ectrically conducting, photoconducting or I1ght emtting properties.

25The invention furthedepetedsingl® bonfor nul ation conprising one or nore
pol ymers, mxtures or or blends according to the present invention and

optionally o or re solvents, pteferab sel.ected, fr organi ¢ sol vents.
The inventioS(qf"’lﬂq er AR e[r{Sietn?.lgoﬁggc%%f)trb%llg,nlé,r(gl,orngﬁl ures, blends and
30f ormfl ati ons according to the present invention as charge transport,
sem conducting, electri I (o) Wala ' rqld@ht emtting
material in ()J(pt i cal , el'sgg r%&%t%&f%nggé%ﬁgﬁﬁggpg@%% g’m1 r%?éent, or
phot ol uni nescent conpondrarsinoin aldeastane repeating WpEnte dA atigasienerwiites to

a charge transport, seq{(Ap1ngL;Q,t2)xL’(@,r3)qL,€;@,’rsr1,cal | y conducti ng,
phot oconducting or light emtting material ‘or -6 conmponent conprising one
or nore polyners, polyner blends of formulations according to the present

i nventiy. TRe inventi ggohwddnescouetenicesdéntically opdiffexbntgDetior@opt i cal or
el ectronic

n is an integer > 1.

The invention further relates to monomers containing a moiety of formula
16 I, which 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
polymers according to the present invention and one or more additional

20 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.

The invention further relates to the use of polymers, mixtures, blends and

30 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,
electrically conducting, photoconducting or light emitting material or



5conponent or device conprising one or nore polyners, polyner blends,
formul ati ons, conponents or materials according to the present invention.
The opti c&D 20805209 00pt i cal , el ectroni c el ectrol um nesc@aT/ERRe1/004730

phot ol um nescent conponents or devices igclude, without limtation,
10organic field effect transistors (OFET), thin filmtransistors (TFT),
integrated circuits (1 C, logic circuits, capacitors, radio frequency
identification (RFID) tags, devices or conmponents, organic light emtting

di odes (OLEDonRIRRk Eokiol) ggg?\%to'r%r%rp?ﬂghékor riibnad bt panel

di spl ays, or gani ot C)v evices (OPV), solar
15cel | s, | asé@rmla’d@@s aQWIde) r@tmes;enbnwm ectors, el ectrophotographic

devi ces, el ectrophotographic recording devices, organic nmenory devices,
sensor deV|ces char

interlayers iMejaNg on Ifq Crt"lé%rt]?ﬁl f%gfr’??%a%ar %I%f_t pific Or&éﬁﬁ% nic '

pl as m)rﬁam t t2 |%¢gr@mﬁ@r@@95&domﬁgng toe afi mdmpolyhmmarpcﬂymgr byness,
t1stat I ne

Sbstr at eo, dormaetiefy otpafHES d MabRaREARORARS 10 8 hreskip HeliBA.

al i gnment | ayers, blosensors bi ochi ps, security markings, security

devi ces, and Gompgneyt %g@(roQ&Ydé?eée{:t‘?énn@‘aetlé‘&i@dlmlr@%@eﬁt §6d1 i nating DNA

sequences. scription o I nvention Th monomer s and
pol yners of tn’c@t@uaymcqrw@mn%}enés er daviges inciydn. yathoud lipwatiarni pi t

sever a'1@dVarBr@Qﬁi%%ldPéﬁB@fﬁraﬁﬁstdrs& KOFET), Qwrbﬂﬁﬂﬂﬁﬁs:swrﬁ(mﬁhar ge carrier
mobility, a h| sol ubi | ltéﬁg'lr)n ofr. QOsol vent s rocessabl lity

ani ¢, 30
for the devi d@ Algd Lyt oI9S CIreifs;, GAPARIY so'l't'ﬁ%o E?EB‘? ™y and a | ong
lifetime in dabestfification (R(F\HD):@S devized idricompdnieays, sitganic Hight eiitting ng

e oo JEAREIOLED), dRi N e PR L ELBER o0 |11
fornula 1), ofispiyseackligbts fodlsplays organic photovoltalc ewces( PV), solar
15 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-
emitting diodes (OPEDs), Schottky diodes, planarising layers, antistatic
20 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
bandgap, a high charge carrier mobility, a high solubility in organic

30 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
one or two solubilising groups (R1 and R? in formula ), or by inclusion of



7 - co-nononers containing nultiple solubilising groups. i) The presence
of two nitrogen atons within the nononmer unit results in nodified

el ect r oniwoener@ge®s (HOMD LUMO | evel s) of the polymer, Pcpapeocbesdy in a
deepening of the HOMO |l evel in order to ?chleve a higher open circuit
potential (Voc) in an OPV bul k- heterOJunctlon Increasing the Voc in a
device is one nethod of increasing device efficiency. Additionally,

pol ymers that exhibit deeper HOMO l evels will be nore oxidatively stable to

oty et ©ond bl 8Rolyei col R RIAURSSoBhgpigodpsl xvgen 2s T0explal ned

non E. F. Einerhand,
Synth Met . 1997 87, 53. iii1) The solubilising groups are introduced
into the nong; Eeheebhmmmger{mseww.nqhetrﬁ@w@mt beit resuiguUhe,

The sof ubi |1 919 uugéa@cﬁrﬁ}‘?é'efph?ﬁ%ﬁ@qﬁ@m@t's&“sﬁip BRIV Dackbone.
al | owi gy nor eAticwatly ireaideepenatgaofthe-HOMO et ki oglerihiachiewild highee

ol bctroni o orftiayl SCTERREP PR db S oY, MiHterohitBbn, ndfedatig i, D, tNe
benzo[ 1, 2- b; A/&-bldieviceishene mathed of lrmneqmmgﬁlsmcgaﬁff@ﬁnw tAddifignalyr i at e
co- ”Dnoner(s)p@gr%xﬁ% fr%‘éxgﬂigtg? & HBMD Iéiels \‘;vﬂlrb@ﬁﬁﬁ@'o&ld%'WéR/Vélbe@' c

appl i cations ve an the term eneral ly nmeans a

mol ecul e of Hpgﬂfnb@ﬂéﬁﬁ)ﬁ)@'t'ﬁﬁ?ééu fher pregegce Pf‘ng‘% tP[ﬁ:?’d EXYEeMAPCch
essentiphly C&(B?élhé@SntlberMthdHLﬁv MAPRL Ut Siremdn, Ui R sBrdavr, \Reds. Rctual Iy or

conceptual ly, _fraom I ve nol ecul ar mass (PAC, 1996, 68,
2291). The 30F@EMH3 ’{H)%(Sﬁ%eﬁl geﬁé%% %{eans a nol ecul e of intermediate
relative nol ecul ar mass, the structure of which essentially conprises a
RN Bl o o
sense accor di penultimatesiepeeidhe synthatic ronte thenepiraliowing i EfPhavi ng

> 351, pgef erg,l%)g ptifiisationeprapkighgupsli ts, and an ol i gorer rreans a conpound
with >1 and <'1 preferably < 5, repeating units. WO

2012/ 052099PCT/ EP2011/ 004730 -8
iv) The solubilising groups are in plane with the aromatic polymer

backbone, allowing more effective inter-chain - i stacking, which will
give improved charge transport properties.

20
v) Additional fine-tuning of the electronic energies (HOMO/LUMO levels)
by further modification of the benzo[1,2-b;4,5-b'ldithiophene core or co-
polymerisation with appropriate co-monomer(s) can afford candidate
materials for organic photovoltaic applications.

25
Above and below, the term "polymer” generally means a molecule of high
relative molecular mass, the structure of which essentially comprises the
multiple repetition of units derived, actually or conceptually, from
molecules of low relative molecular mass (PAC, 1996, 68, 2291). The

30 term "oligomer" generally means a molecule of intermediate relative
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 >

35 1, preferably 2 5 repeating units, and an oligomer means a compound with
> 1 and < 10, preferably < 5, repeating units.



Above and below, in a formula showi ng a polyner or a repeating unit, |ike
formula | and its subformul ae, an asterisk ("*") denotes a |inkage to the
adj acent wepemtdisa@ounit in the polymer chain. The ternspPCrape@tiiongunit”
and "nmononeric unit" mean the constitutignal repeating unit (CRU), which is
the smal |l est constitutional unit the repetition of which constitutes a
regul ar macronol ecul e, a regular oligonmer nolecule, a regular block or a
regul ar chain (PAC, 1996, 68, 2291). 10 The term "l eaving group"” means an
atom or group (charged or uncharged) that becones detached fron1an atomin

what is considered to be the residual or main part of the nol ec ﬁ@t aki ng
part in a spéboveand belew, ih aferaulzy showinga nyyrer g5 a repdalng yal ‘I* term

'conj ugat ed” fémRANS @n@qm)@wrdrmgmeaamersgem (M"y dSneteans linkdde to the

sp2-hybridisation (or optionally also sp-hybridisation), which may also be
repl aced by R4 SeRAING W"k HﬁthSEPﬁY’BE{Cﬁ%Ee this is for exanple a

conpoutbd with alternating C C single and double (or triple) bonds, but

20does al so i C't;ég&tsc-%w&mgfum-t% %ﬁorhéh@uh@ %ﬁxb%st.tl{%@baly means

in this conne ont aneou occurring

defects, whi capeaing eai (@BU)nwérqmﬁtth%ﬁn@ilest}ﬁor@@mt@@ﬂ HBi the gersqtltlpn
fegafded as gt %ﬂbwa h&ftuty® pei\slar %Hmrﬁé@careabq@ggréa@n ger the nol ecul ar

wei ght is given as the nu vera cul |ght aver age
mol ecul ar wei"BRIECHR; avﬁgé'[goe@o‘g%?re? ﬁ‘?gm‘gvr@“ Z\F’A\@’iﬂ%ét né)% omat ogr aphy
(GPC) agrni nst poI ystyrene standards in eluent solvents such as

t et rahydr of ur. tri, hIoro o) r

1,2,4-trichlor -te\%‘o E?Wr}ﬁg&;% aggrln rér%h?éch%@g@h (% A e is
used as sol vehat bé@ndedetﬂ;fﬁd fpenyareatorain wha(lﬁ)cqmmed tebadh®er average
degree of pol, %gﬁru'afé‘F X gh?’t‘%ﬂ tRE anIecm'J\(Q/thn?#%d |ﬁ'dqsp5\éblﬁéd FJH%tlEFH' ecul ar

wei ght of the si tin un|t as descr In J.

Pol yners: Che(ﬁﬁ@ta? Aﬁﬁj@ és 66t 118Mler n Material s, BI ackl e, G asgow, 1991.
35 9 _1wmonoval ent or nultival ent organic radical noiety which conprises at
| east one car on at omeith nons carbon _at ons e for exarrpl e

L) One e R o died et o SialER £ERARng LR G akins ot he
0, s P, Si, msﬁﬁhyﬂndlsaﬂ@(c(rfap‘umﬂmalse srhytonidisatéan), Whichhmay alsn

be replaced by hetero atoms. In the simplest case this is for example a
compound with alternating C-C single and double (or triple) bonds, but

20 does also include compounds with units like 1,3-phenylene. "Mainly"
means in this connection that a compound with naturally (spontaneously)
occurring defects, which may lead to interruption of the conjugation, is still
regarded as a conjugated compound.

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

which is determined by gel permeation chromatography (GPC) against
polystyrene standards in eluent solvents such as tetrahydrofuran,
trichloromethane (TCM, chloroform), chlorobenzene or 1,2,4-trichloro-

30 benzene. Unless stated otherwise, trichloromethane is used as solvent.
The degree of polymerization (n) means the number average degree of
polymerization 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.

35
The term "carbyl group" as used above and below denotes any



5" 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 2p2/B32098, P, Si, Se, As, Te or Ce. A car Ipgit/Epeothpos7o€ ar by |
group conprising a chain of 3 or nore Cqatons 10may al so be straight-chain,
branched and/ or cyclic, including spiroand/or fused rings. Preferred
carbyl and hydrocar byl groups include al kyl, alkoxy, alkylcarbonyl,

al koxycarbonyl, allyl carbonyl oxy and alkoxycarbonyloxy, 15each of which is

opti onal | y SH%% % rﬁ%r?’ﬂuﬁiltlbél%nioi; arfl?rad?éﬁfn%léﬁ)t\)Ohl%htébn?éﬁlsééeétyleﬁétef erably

1 to 18 C atorrs, hernore o substituted ar or aryl havi ng
6 to 40, prepee@@|rlyor@atqsngtr@rmmﬁ>ﬂt anmﬂpﬁm@amml(meymb%afynp?e

ar y\lNﬁar Eonyl Lcacy)l 6¥Pﬁﬁéh@l’lw&:ombrn\éldc\ﬂiﬂbﬁﬂbéa@t(wn@rhgzgcfatbaﬁmcﬁhmv\;&:(y, 486% h
o ichis as 0

at ons, V\/nerem §ar'l>hé§ b.u 83?%8&‘&[‘1%3 &8 oé]yhegcr‘)et@@a}ﬁﬂ%e het er o

at ons, 5pref er‘la,kdmcamyegtcﬁfb"fdmtess aO;,artﬁ;l g?ouﬁthat&ees@dut‘l‘maélmto@éamThe

car byl or hydraoc r lic
25group, or gngaqe}ﬁé{ e% %B unsa Bﬁa‘?naj rﬁé'ﬁg 0(% (w}ﬁ rlé;g ur at gﬁxgcycl ic or
cyclic grouptkefer examplerMdO, §s}5’e§la$$y“\%\r'§ﬂ or enyI and al kynyl groups

(especially ethynyl). \Were the G -C40 car byI or hydrocarbyl group is

acyclic, the group may be strai ght-chain or branch The C 0 carbyl or
hydr ocar byl &Y &bVl %%M%afwg Praprising A ehgn g %y‘? FgPBY aqé”@l C40 30

al koxy 1@ Oxﬁﬁ‘é%ﬁisogié@i?alggt GBaiﬁélBra?dd’teﬂ}énchsmybhcﬁln%dﬁi@s@kdmngﬂorgrOup, a

C3-A40 allyl 3 Ph 0 al kyl di enyl group, a C4-C40 pol yenyl group, a
C6- C18 aryl é?ﬁfg 95:C6- 40 al kyl aryl group, a CB6-C40 aryl al kyl group, a
C4- C40 cycl oal kyl group, a C4-C40 cycl oal kenyl group, and the |ike.

o om! Ssar g gférrbedcggrbggghmwaréqm@ Yi6uBs h‘«g%%lﬂgmﬁoaggggb a @20
al kyl di enyl gzilml@arb@nmaltpzyaaghongr &Iﬁ/ cadh@nsdomaaﬁ@lmwér nylpup,
r esgectw{el y. ear‘]élgsarvgr&.cﬁ@s opt|&¢élwo$;ebrsgf§e@@ﬁalﬁa%t1 waooﬁre@ér@bgm T@QBP%
brcf or abl y cnipngreSratly 18 Bepapr: batartiers ofpGecs s isana Spa
trialkylsil y|ar9ro&yW;avﬁ{§f8|to 40dplrefermbhab 1o 26r@ htorad) furthermabee a mono-, - or
tricyclic ar OrTﬁltllarcylooxy, arylcarbonyl, aryloxycarbonyl, arylcarbonyloxy and

aryloxycarbonyloxy, each of which is optionally substituted and has 6 to

20 40, preferably 7 to 40 C atoms, wherein all these groups do optionally
contain one or more hetero atoms, preferably selected from N, O, S, P, Si,

Se, As, Te and Ge.

The carby! or hydrocarbyl group may be a saturated or unsaturated acyclic

25 group, or a saturated or unsaturated cyclic group. Unsaturated acyclic or
cyclic groups are preferred, especially aryl, alkenyl and alkynyl groups
(especially ethynyl). Where the C4-C4o carbyl or hydrocarbyl group is
acyclic, the group may be straight-chain or branched. The C4-Cy4 carbyl
or hydrocarbyl group includes for example: a C1-Cqo alkyl group, a C4-Cao

30 alkoxy or oxaalkyl group, a C,-Cy4 alkenyl group, a C>-C4o alkynyl group, a
C3-C4o allyl group, a Cs-Cy4 alkyldienyl group, a C4-C4o polyenyl group, a
Ce-C1g aryl group, a Ce-Cao alkylaryl group, a Ce-Cao arylalkyl group, a Cs-
Cao cycloalkyl group, a C4-C4o cycloalkenyl group, and the like. Preferred
among the foregoing groups are a C4-Czoalkyl group, a C2-Cxo alkenyl

35 group, a C, —Cyp alkynyl group, a C3-Cz allyl group, a Cs-Cz alkyldienyl
group, a Ce-C12 aryl group, and a Cs-Czo polyenyl group, respectively. Also



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,
wher ei n LIwWozopdlseed from hal ogen, -CN, -NC, -NCO, - NCBCTAPIN,1/00458N,
-C(=0)NRR, -C(=0)X, -C(=0)R, -NH2, NRoEZ ), -SH, -SR -SO03H, - 10S2R, - CH,
-NG&2, -CF3, -SF5, optionally substltute silyl, carbyl or hydrocarbyl with
1 to 40 C atons that is optionally substituted and optionally conprises one
or nore hetero atons, or P-Sp, with R Roo, xo, P and Sp having the

ggﬁgi:tn gz ?Ir \c/) L?IF) Od’ g;\@ggnggﬁﬂ‘ﬁnfsjoﬁﬁ{ﬂp%ﬁﬂl%rd?:\‘i’b(?r\’ Qﬁirhé Hﬁﬂtg?obps?“ e

oxaal
t hi oal kyl , f|haurrtgah\¢<t9ro atmnwl!r@r%sl ﬁaﬂkmv{ arouip @rqura?iﬁﬁﬁwvbrt a‘i '§eny|
al kynyl wi th gpk@uied withtzP8myl gFéwgiréférdblprﬂr@Wy%ilyﬁgbdupand het er oaryl

groups are phenyl in which, in 20addition, one or nore CH groups may be
repl aced by N, napht hal ene, thiophene, sel enophene, thienothiophene,
di t hi erfot hi op{igrand htevoarye peefdrablypdehete ahiomn‘- bihioc lriayalic Beormatieibst i t ut ed,

- | b f d f
o2t on PoLNRISRhAHEO0 ol '5h G BRAEalahy RISl mhd nos are
3- pyri di ne, mpmd&ndedlelngsaﬂdl lemneagy elﬁtest&meﬁ with ﬁnal@mme wéuead;phene

preferably Z'Xﬁeﬁ'leﬁpl‘_)ﬁg‘gé\%ctéﬂr%%a% de]-ON, QRI*(EGDNCG hwgl-@cmmsmwazol e,

oxazole and o | azo} €49 €SPEC] g pr fer hLephene ubstituted
t hi ophene2- yl-6(= @WRdQ%oe -Q '3@))( arq¥( A 2, CQ‘%{ E‘e %E'\Jbéﬁl t L§ “mono-  or
pol ysahbm I tutsﬂzmﬁ LtoH; N@Zdebﬁaecsleéowﬁonaq/ mmmu silyl, abiwkysrradl ﬁal )
i.e. ere t ter is r ace a trai ght-chain
or branched. yprq) nbyg‘f’@? &ﬁ‘P%g{fr%IPB}?tt?‘gL%%?P' ly §Ub§ﬁ %J3§n§6 7,0r 8
carbon atons mdmau;zoompmgby dne @rrebes heleyo etdms,,orﬁ?fﬁwlwltrbBQyR, , ¥ént yl
hexyl, heptyl , 35hexoxy, heptoxy,
or octoxy, Lfbtaﬁ ré)haﬁh\gqﬁg rf‘gé]@ﬁ%&“’(?p‘cy un @%‘W

2012/ 052099PCT/ EP2011/ 004730 - 11 - dodecyl, tridecyl, tetradecyl,

pent adegg! , r\?éwwefé#%d)gubstw@@m@wre gméa@amsbmwan xryosnr réi@rrmglecoxy,

o e s Sk oo kel o o BB 4l 16
strai ght - chai g Chgtemd doalkényd, alkgnyl \mIttdZaonr@Ilamgins is pref erabl y vinyl,
prop-1-, or prop2-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 , Espedaljy QreferBed anyl ang-heteroapy! gjoupsyaee]phenyionmch in  3-, 4-,
5=, 6-.26" Ora&ﬂﬁoﬁ, ST br nfde& TcH gr&lps r%ay b replaced by N, naphthalene,
thiophene, selenophene, thienothiophene, dithienothiophene, fluorene
and oxazole, all of which can be unsubstituted, mono- or polysubstituted
with L as defined above. Very preferred rings are selected from pyrrole,
preferably N-pyrrole, pyridine, preferably 2- or 3-pyridine, pyrimidine,
25 thiophene preferably 2-thiophene, selenophene, preferably 2-
selenophene, thieno[3,2-b]thiophene, thiazole, thiadiazole, oxazole and
oxadiazole, especially preferably thiophene-2-yl, 5-substituted thiophene-
2-yl or pyridine-3-yl, all of which can be unsubstituted, mono- or
polysubstituted with L as defined above.
30 ,
An alkyl or alkoxy radical, i.e. where the terminal CH> group is replaced by
-O-, can be straight-chain or branched. It is preferably straight-chain, has
2, 3,4,5,6,7 or 8 carbon atoms and accordingly is preferably ethyl,
propy!, butyl, pentyl, hexyl, heptyl, octyl, ethoxy, propoxy, butoxy, pentoxy,
35 hexoxy, heptoxy, or octoxy, furthermore methyl, nonyl, decyl, undecyl,



10, 5-, 6-, 7-, 8- or dec-9-enyl. Especially preferred al kenyl groups are
C2_C7- 1E- al kenyl, C4-C7-3Eal kenyl, C5-C7-4-al kenyl, C6-C7-5-al kenyl and
C7- 6- al kewgl2p12v032q9ar ti cul ar C2- C7- 1E- al kenyl , C4- C7- 3E- aChtargd11a0430

C5- C7-4-al kenyl . Exanples for 15parti c_ullqr_l y preferred al kenyl groups are
vinyl, 1E-propenyl, 1E-butenyl, 1E-pentenyl, 1E-hexenyl, 1E-heptenyl,

3-but enyl, 3E-pentenyl, 3E-hexenyl, 3E-heptenyl, 4-pentenyl, 4Z-hexenyl,
4E- hexenyl , 4Z-heptenyl, 5-hexenyl, 6-heptenyl and the |ike. G oups having

up to 5 C at gglﬁea?lggﬁgerggrd q%{sgq%}gﬁ’fﬁr{tggee?@?%ﬁb@ga@bgw, WeEBxy,i - €. where

one CH2 grou S ) y “strai ght - chai n" 2- oxapr opy!
(=met hoxynet Hppgcoxy, tidesneigmtstaiesoxy. far exambleyl (=2- net hoxyet hyl ), 2-,
3-, or 4-oxapentyl, 2-, 3-, 4-, or 5-oxahexyl, 2-, 3-, 4-, 5-, or
6- oxaheptyl, 2-, 3-, 4-  5-  6- 0r 7- 250X tyl, 2-. 3-, 4-.. 5-, 6-, 7- or
8- oxanonyl oAAmpalkenyl gralip, whergin ope orgnorg; 88{; 9%9%%%8% repfaged by -
exanpl & Oxaalg®y+CHF can behstraigbtiehdhidrdgrangheds It ispirafesablipstraight;chiagn,
preferably straight ' < . : s 4( et ymet hyl )
b 5 oxabut yinap it (o abons AdRcSBKingy ELREIER DY) prors 1| T p16HY =
5- oxahexyl , 2-eny; but4l-, 2501 byit-3eermtapript iy 2-, B- orpent-4-eny,_hexsl-, &, 3=
S0oxaoctyl, 2 orfiex.StenyPhepfi., 2 3014-S508aRa8-eAyl, det-132-, 3 4-%-, 6. 7,
- or 9- oxadecyl, for exanple._In a grou erein one roup is
repl aced by 00T Qe Ryl -1 %) 55 ‘{Ihg‘s 'r%‘o?"c'?af?%‘%rlﬁﬁreé’rg‘r o?rbC’I'_%" g“
nei ghbowy ed. Accer ¢ingl or déeseerdbr adi cal s toget her forma carbonyl oxy group
-C(0)-0- or an oxycarbonyl group -0-C(0)-. Preferably this group is
straight-chain and has 2 to 6 C WD 2012/ 052099PCT/ EP2011/ 004730 - 12 -
atoms. |t is Espewiallymyeferpecalkeapl groapeiaye G¢yGr- pEaikemy) Gar-Ikut yryl oxy,
pent anoyl oxy,_.h /lFOX4/. QX VHE Q1 Y B baYdoul
butyryl oxymeta}'lulfl , g@%@%ﬁ%@ %ﬁ%ﬁ%}@é’é?@f’g’yg%ﬁ’ tp euar
2- propi ony| oxyeCmilE-atkepyk Frayl oRelkgny! agddlestyidoaliphyplrxamples for
3- pr opipay! OryP'aﬁ{i&EMHy prérefreatatkeny e ps areliRgix1EasropaKyl, 1Bthaskgar bonyl
pr opoxycar bonyl ,
’P/ E-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 like. Groups havingupto 5 C
atoms are generally preferred.
20
An oxaalkyl group, i.e. where one CH group is replaced by -O-, is
preferably straight-chain 2-oxapropyl (=methoxymethyl), 2-
(=ethoxymethyl) or 3-oxabutyl (=2-methoxyethyl), 2-, 3-, or 4-oxapentyl, 2-,
3-, 4-, or 5-oxahexyl, 2-, 3-, 4-, 5-, or 6-oxaheptyl, 2-, 3-, 4-, 5-, 6- or 7-
25 oxaoctyl, 2-, 3-, 4-, 5-, 6-, 7- or 8-oxanonyl or 2-, 3-, 4-, 5-, 6-,7-, 8- or 9-
oxadecyl, for example.Oxaalkyl, i.e. where one CH; group is replaced by -
O-, is preferably straight-chain 2-oxapropyl (=methoxymethyl), 2-
(=ethoxymethyl) or 3-oxabutyl (=2-methoxyethyl), 2-, 3-, or 4-oxapentyl, 2-,
3-, 4-, or 5-oxahexyl, 2-, 3-, 4-, 5-, or 6-oxaheptyl, 2-, 3-, 4-, 5-, 6- or 7-
30 oxaoctyl, 2-, 3-, 4-, 5-, 6-, 7- or 8-oxanonyl or 2-, 3-, 4-, 5-, 6-,7-, 8- or 9-
oxadecyl, for example.

in an alkyl group wherein one CH group is replaced by -O- and one by -
C(0)-, these radicals are preferably neighboured. Accordingly these

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



but oxycar bonyl , pentoxycarbonyl, nethoxycarbonyl net hyl,

et hoxycar bonyl net hyl , propoxycarbonyl nmet hyl , but oxycar bonyl net hyl ,

2- (met hoxwoantasydoyet hyl , 2- (et hoxycar bonyl ) et hyl , PCT/EP2011/004730

2- (propoxycar bonyl ) et hyl, 3- (nethoxycarﬁgnyl)propyl

3- (et hoxycar bonyl ) propyl, 104-(met hoxycarbonyl) - butyI 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 3 to 12

C avoms. Accaidhahls hidrdirtPbRSraRIBY Bk Dpios

2, 2- bi s- car boxy- S- car bo Ybut yi

5, 5- bi s-car b@%ﬁt P, hGXB”BYQXKa?‘E%%?Q ?i}m p;ropm&y QTGBB%hep?yY
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i s- (et hoxyc 0
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20( et t’joxycambmatyboprmyyImemoﬁymmoomaleﬂmwcarbmwIgroh%ﬂarbmyf bi s-

met hoxycarb I

(bl s(et hgxy::a?’é%#yf%?%ﬁ% ?gmg gé%bsﬁﬁeﬁ?f ar bon;)% Sn%?ﬁy)f erthoxy—

3, 3- bi s(et hommrmmmylpp@wp(ycanrb@nbﬁnsetbé at@wsawlmetbmyl

5, 5-bi s(etho I - re one CH2
group is rep%@%@@&y&%ﬁygéthry gf@ eﬁé;hb*ﬂ*&rﬂfdﬁylﬂﬂlﬁ%l ﬂr’f"?ﬁ%ﬁet h (- SCH3) ,
1-t hi oet hyl hyl, $=(met ﬁ 3%{ farbony ?rf?pgﬁutyl ),

1- (t hi of@ent yIA) (méﬂ{dxyc@ﬂb@nyl))but{ll (t hi ohept yl), 1-(t h| ooctyl),
1-(thiononyl), 1-(thiodecyl), 1-(thioundecyl) or 1- 30(thiododecyl),
wherein preferably the CH2 group adjacent to the sp2 hybridi sed vinyl
carbon at om iAn algyl goeg wAereilucbwoaurmwregGldugrdLmsmr@fr@pé@ey byt 1Qri ght - chai n

per fl uor oal ky, ) _ARai | I cul ar
Cra, Cors, CAEPIOCHEISRRg sragh Sepifiagihehed Zifféb'grﬂﬁé‘@%l y

C6F13. WD 201@@920@@&1%&%@1@1%%7@@01 ipgly. it igjere AN al kyl |
al koxy, 18 ke%bthwxﬁﬁlﬁiykarﬂdﬁgoﬁhw|3,,3 bm:émwky@mb mhmsioambwoum can
al

D baryl (1 il Bl 4 By R B 6y ol LA P Pre )
2- et hyl hexyl , hébtpl, 8B+bjzecanpbxy-oatyh a9, 9+msu-lcarbc2<y-r&)ra/d hw ﬂ)O{bﬁ carboxy-
2-met hyl but Oxgécy%,'ﬁg}(%kﬁwgmonﬁiﬁﬁmwl P8O fhettord A onyl)-ethyl,
3,3-bis-(methoxycarbonyl)-propyl, 4,4-bis-(methoxycarbonyl)-butyl, 5,5-bis-
20 (methoxycarbonyl)-pentyl, 6,6-bis-(methoxycarbonyl)-hexyl, 7,7-bis-
(methoxycarbonyl)-heptyl, 8,8-bis-(methoxycarbonyl)-octyl, bis-
(ethoxycarbonyl)-methyl, 2,2-bis-(ethoxycarbonyl)-ethyl, 3,3-bis-
(ethoxycarbony!)-propyl, 4,4-bis-(ethoxycarbonyl)-butyl, 5,5-bis-
(ethoxycarbonyl)-hexyl.
25
A thioalkyl group, i.e where one CH, group is replaced by —-S-, is
preferably straight-chain thiomethyl (-SCH3), 1-thioethyl (-SCH,CH3), 1-
thiopropyl (= -SCH2CH,CHj3), 1- (thiobutyl), 1-(thiopentyl), 1-(thiohexyl), 1-
(thioheptyl), 1-(thiooctyl), 1-(thiononyl), 1-(thiodecyl), 1-(thioundecyl) or 1-
30 (thiododecyl), wherein preferably the CH; group adjacent to the sp?
hybridised vinyl carbon atom is replaced.

A fluoroalkyl group is preferably straight-chain perfluoroalkyl CiFji.1,
wherein i is an integer from 1 to 15, in particular CF3, CoFs, C3F7, CsFy,
35 CsF11, CeF 13, C7F15 or CgF47, very preferably CeF 3.



hexoxy, 1-methyl hexoxy, 2-octyl oxy, 2-oxa-3-nethylbutyl,

3- oxa- 4- net hyl pentyl, 4-nethyl hexyl, 2-hexyl, 2-octyl, 2-nonyl, 2-decyl,
2- dodecylwo@orpaspeo9oxyoct oxy, 6-met hyl oct oxy, 6-met hyl o®CaFEPP0135094730

5- et hyl hept yl oxycar bonyl , 2-nethy|butyﬁ | oxy, 3-nmethylval eroyl oxy,

4- et hyl hexanoyl oxy, 2- 10chl or opropi onyl'oxy, 2-chl oro-3-net hyl butyryl oxy,
2-chl or o- 4- net hyl -val eryl - oxy, 2-chl oro-3-nethyl val eryl oxy,

2- met hyl - 3- oxapentyl, 2-methyl-3-oxahexyl, 1-nethoxypropyl-2-oxy,

1- et hoxypr op%e?abf&g,%f menfibhe W | Oy~ 7 kehy) Joxla'étkgmnrogmﬂ “caTiSiyl

2-fl uorooct yl OXy, I 'uoro
171, 1-tri f | uand-carpemylpxy quqnﬁﬁ%'hﬁ? thek% ikal gERuRSK rﬂSﬁ' a’@éry

%5? if e{ r _e]gil BrSFedreleonital g?oxﬁfé Nt 2%uqat(#1mhylb;dp;a) Qnmfemmmyz 2?exyl .
, 1, L- ri OI’ - UOI‘ rre
achiral bran é’PBBﬁ %"5?% é@ﬁ'”ipéﬂe hylg%gut%prctp_y?(%qrﬁ%lr B}B%'}' hfa stopentyl
(2 03 {Tﬁﬂﬂﬁl Putnyéthylbtuewtz nbellhylhuto»pﬁFmmeperﬂemt%metlpyylppmwya%@ t

me ut o N |on
R or ke Reoxd, ERIATReRGE), I BEHISTI R ndthy bIfy P1-8RE A m
Al koxy vi th- pentyl36 nGetaythesyl, AhResi 2 e Nl desy b A aacybif eiad |y
repl aced by @YPE’&O@‘X%‘m E{;@&eyyerh d&éﬂdﬁyl@iy eiRifARdptrxyt hat is

optionally al or al koxyl ated_an toms Ver

preferred gr mpleow 2methy Busyryioxy s 31 'Haﬁerr%YJrPi%e“’B}eE%ﬂ %’@%‘?yé?)fymé of the
fol l oW1 f ordmibrapropiodéxy,-2-¢4loro-3- methylbutyryloxy, 2-chloro-4-methyl-valeryl-

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

15 preferred are 2-hexyl, 2-octyl, 2-octyloxy, 1,1,1-trifluoro-2-hexyl, 1,1,1-
trifluoro-2-octyl and 1,1,1-trifluoro-2-octyloxy.

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

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

25 aryloxy, heteroaryl or heteroaryloxy that is optionally alkylated or
alkoxylated and has 4 to 30 ring atoms. Very preferred groups of this type
are selected from the group consisting of the following formulae

30 = ALK
ALK” ALK Y
ALK ALK ALK
ALK

35



wherein "ALK" denotes optionally fluorinated, preferably Iinear, alkyl or

al koxy with 1 to 20, preferably 1 to 12 Catons, in case of tertiary groups
very prefwoabiyosiowo 9 C atons, and the dashed |ine deneoCegpréa/obi?ak to the
ring to which these groups are attched. 1ﬁs_peci ally preferred anong these
groups are those wherein all ALK subgroups are identical. -CY1=CY2- is
preferably -CH=CH, -CF=CF- or -CH=C(CN)-. Halogen is F, d, Br or I,

preferably F, d or Br. 01 I C"-CO", "-C(=0)-" and "-C(0)-" denote a
carbonyl group, i.e. 20The polyners nay al so be substituted with a

pol ymeri sabl € or crossli nkabl e acfaLne group,~Wwhich is optionally

pr ot ect ed du? g t hekprloaers rmng the f er. Particular preferred

polynmers of this type &€ tho formul a erei n Rl denotes P-Sp. These
pol yners are particularly useful]l as sem ébfducforsfldt charge transport
materials, as 25they can be crogski nked via thetgroups P, for exanple by
polyner§ sation in situ, during or after processing the polyner into a thin
filmfor a sem conductor conmponent, to yield crosslinked polyner films with
hi gh char ge cgtigresy "AtKi denotesoptibhally fllheinedéd, pretdrablydieasralkyltani cal

stability. 30 / 4 - - .

170 o A SRR £ 6, i Pass of tertiary groups
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'=CY% is preferably -CH=CH-, -CF=CF- or -CH=C(CN})-.

15 Halogen is F, Cl, Br or |, preferably F, Cl or Br.

O
1

C
"_CO-", "-C(=0)-" and "-C(O)-" denote a carbonyl group, i.e. 7

20 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
particularly useful as semiconductors or charge transport materials, as

25 they can be crosslinked via the groups P, for example by polymerisation in
situ, during or after processing the polymer into a thin film for a
semiconductor component, to yield crosslinked polymer films with high
charge carrier mobility and high thermal, mechanical and chemical

stability.
30
Preferably the polymerisable or crosslinkable group P is selected from
o W
—N
O 8
35 W

/ N\
CH,=CW'-C(0)-O-, CH,=CW'-C(O)-, W?HC—CH— o)



C(0)-NH, CH2=CW-C(0)-NH, CH3-CH=CH 0-, (CH2=CH)2CH OC(O0)-,
5(CH2=CH CH2) 2CH O- C(0) -, (CH2=CH)2CH 0-, (CH2=CH CH2)2N-,
( CH2=CH- CMR)281/05¢®Y- , HO CV2WB-, HS- CVW2WB-, HV2N-, HO CPeVEPr204i004730
CH2=CH- ( C( 0) - 0) ki - Phe- (0) k2-, CHZ:CI—I-(_qg)_)ki-Phe-(O)k2-, PheCH=CH, HOOC-,
OCN-, and WAIWBWSSi -, with WL being H F, ", CN, CF3, phenyl or alkyl with
1to5 GCatons, in particular H d or CH3, W2 and 10WB bei ng i ndependently
of each other Hor alkyl with 1 to 5 Gatons, in particular H nethyl,
ethyl or n-propylOo. W, Wand W6 bei ng i ndependently of each other C,
oxaal kyl or oxa?%(nyl alkyl with 1 to 5 Catons, W and W8 bei ng

f

at i

I ndependent | then-H_C or,alkyl with 1 to 5 C at e being
1, 4- phenyl enX’V? i E:' F@%Fi gnaﬂ"iF%zsﬁ@ikﬂm @dNE)?CHn%(%(%'egﬁ&rcggbs L as

defi ned abOV@(oMéHKtﬁ-%:ﬁ:\?(ﬁ-cb(@)mHi,F@Hp@walle-,QCI-BaCH)zC(IPH@C(Dpr 1, k3
e HoGhe

et

is a psotect e B >
condi tions deSHp+ORECHeNEGEOPT BICE EWVANC oHB-QIVEW t, HNZN- @@ Whvent i on.

Sui table pro tiye _ ) K 0 _ondi e rdy) an ascri bed
in the literat'lr ngf'g#@g)épz“ﬁﬁ%a%&@ %ﬁgé?@ékTgﬁﬁég)ﬁthbg%ani c
Synt hesi s", OHFCME,HOQGH s, andeW VW Siso8ith W beiagthF.&laf.e acet al s
or ketals. 2gfspepball o eﬂ@fvﬁfrf 4o 6" QL4ASME mB&arﬁHaapH € 8} OM3, W2 and
CH2=C( CH3) - 3—’§_— . CH2=CF-C(0)-0-, CH2= - CH2=CH)_2 G (9 -,
( CH2=CHRCHO Q DBU‘Q\'”S‘QP@‘@ﬂ%aAfoeW OWQH%_‘EFO@%Y'("Y'”M ?Q)Poggé?@a, Wér i vatives
t Per eof i Fur tdmcmé‘tem,eﬁfeﬂmgéwps; R-m?w,sw“ewwd Whbéihg indepemdentipi st { ng
of vinyloxy, acry|ate ac at e, : 0 y oxet an
and epoxy o Shpeeniufer G ehanld §F SragrtifiIRRIIAM Sup SEAHBER VT B 700,
- 16 - W? 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
15 groups L as defined above, ki, k2 and k; being independently of each

other 0 or 1, ks 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

20 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.

25 Especially preferred groups P are CH;=CH-C(0)-O-, CH;=C(CH3)-C(O)-O-

. CH,=CF-C(0)-0-, CH,=CH-O-, (CH2=CH)2CH-0-C(O)-, (CH,=CH),CH-
)

° L
/ N\
O-, W?HC —CH— and W* (CHZ)H’O', or protected derivatives

thereof. Further preferred groups P are selected from the group consisting

30 of vinyloxy, acrylate, methacrylate, fluoroacrylate, chloracrylate, oxetan
and epoxy groups, very preferably from an acrylate or methacrylate group.
Polymerisation of group P can be carried out according to methods that are

35 known to the ordinary expert and described in the literature, for example in

D. J. Broer; G. Challa; G. N. Mol, Macromol. Chem, 1991, 192, 59.



The term "spacer group” is known in prior art and suitable spacer groups Sp
are known to the ordinary expert (see e.g. Pure Appl. Chem 73(5), 888
(2001). ™o 28paser9group Sp is preferably of formula SpPCREP26OMBhat
P-Sp- is P-Sp'-X -, wherein is alkylenesaith up to 30 C atons which is
unsubstituted or nono- or pol ysubstltut¢1;=§lI by F, d, Br, I or CN, it being
al so possi ble for one or nore non-adjacent CH2 groups to be replaced, in
each case independently fromone another, by - 0-, -S-, -NH, -NR-,,

- si Ro- 0o | 1. -S-,
-CH=CH or (LEQ%%%\ g;&%c%roérgu |soiG(cﬁ/)n M pn&%r@éngsgltgﬁlg%ﬁc'e%%{ﬂﬁked
directly to Speargravet to m@rdzmﬁrwxp@rt (sege.9. RyrgyAppl. €hein -/ 3(ac( 0)

-0-C¢(0)0-, ) dor R farably oPftAhula -SgH0-such36ER- , -
aos ) V0PSB, TH@‘% igm%"’;‘ e e P 0 St
COHEN., - N=CH-SP: RSP rein’ cy1=cy2-, - G .G, -CHECH C(0)O0-,

-0C(0) SCH:CH- or a single bond R and R are |ndependently of each ot her

or al kyI W|t 1 to 12 ach ot her
o B WU Lo 12 SO dBflg W ahe RSBl o
-CHZS— —CF20- - 0CF2- MOIGFX8- polysmsztuted@mm Br.-lar@hpit being-plep2- |

- CF2CF2-, -CHEN-, - ’\|:9335|b1é\|ﬁﬁ"one &Hﬁ@% non Qﬁ}a&mCHz Q@up@rto%eS' ngl e
bond, in partlcul ar -0-, = - or SI n e%angﬁ]' | n anot her

preferred 30enbodi nent r§’@|aP§da'“g?%hpcal%‘f‘dﬁee’ﬂﬁ@'y Ryat ed
systemqgsuch as -CC— 010~ VI=NKR: -NR'-, SiR"RYPL e c1m4. C‘(@p{anOQ(O)qps Sp'

are, for exanple, ) S- CHZCHZ-
oS e N b o ﬁ&c?éplkg%%g) \cflﬂcﬁ_%g?ﬁﬁm% G nqgﬁer CE WAl
12, q being an integer mammerithabO3arxtidr & atahs are not linked directly to one

another,

15 X' is -O-, -S-, -C(0)-, -C(0)0-, -OC(0)-, -O-C(0)0-, -C(0)-NR"-,
-NR%-C(O)-, -NR’-C(0)-NR%-, -OCH,-, -CH,0-, -SCH,-, -
CH,S-, -CF,0-, -OCF -, -CF,S-, -SCF,-, -CF2CHy-, -CH,CF»-,
-CF,CF,-, -CH=N-, -N=CH-, -N=N-, -CH=CR’-, -CY'=CY?-, -
C=C-, -CH=CH-C(0)O-, -OC(0)-CH=CH- or a single bond,

20
R® and R® are independently of each other H or alkyl with 1 to 12 C-
atoms, and
Y'and Y are independently of each other H, F, Cl or CN.
25 '

X' is preferably -O-, -S-, -OCH,-, -CH,0-, -SCH3-, -CH,S-, -CF;0-, -OCF>-,
-CF,S-, -SCF»- -CH,CH3-, -CF,CH,-, -CH2CF»-, -CF2CF»-, -CH=N-, -
N=CH-, -N=N-, -CH=CR’-, -CY'=CY?-, -C=C- or a single bond, in particular
-0-, -S-, -C=C-, CY'=CY% ora single bond. In another preferred

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

Typical groups Sp' are, for example, -(CHz)p-, -(CH2CH20)q -CH2CH,-, -
CH3CHz-S-CH,CHa- or -CH2CHo-NH-CH;CH;- or -(SiR°R%-0),-, with p

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



R havi ng the neani ngs given above. - 17 - Preferred groups Sp' are

et hyl ene, propyl ene, butylene, pentylene, hexylene, heptylene, octyl ene,
nonyl ene,woeoid@o®9 undecyl ene, dodecyl ene, octadecyl en®@CT/EP2011/004730

et hyl eneoxyet hyl ene, nethyleneoxybutyleﬂ , bet hyl ene-thi oet hyl ene,

et hyl ene- N- net hyl -i m noet hyl ene, 1- net ?Falkylene, et henyl ene, propenyl ene
and butenyl ene for exanple. The polyners containing noieties of formula I,

especially those of fornula I, are preferably selected of formula Ila 10
RA-[ (Arl-U- Ar2)x-(Ar3)]n-R5lla - wherein U Arl 3, n, x and y have the
meani ngs of formula I and Il, and 15R4 and R5 have independently of each

ot her one of Prdferradgnoups Sef ar etipfenes maepylere, iytylanegpentilentsnot e - CH2d!
-CHO, -CH= ' 1R hene j ~ene- | -BR R', -
e (o oot 1R e, Rt oyt B g, -5
wherei n P andodgryiere.actadecylene opihyienegxyetpyleng: mashygaepybuyideae,

i ndepﬁsgent kéth?fe@%&h?lﬁn@é?ﬂné—h&mw iimﬂmr?bﬁylanaﬁdﬁfi ned above, and
two o , ' an AL so. forma ri Qaet.her t ro atomto
which they ametaakyete, TRere RiBRehYnt SR GRaYERR i Stk b

pol yners according to the the present invention, the total nunber of
repeating uni ' r 2. . f Fnas'tc erably
? 50, and pr‘gb%rp%l]\@e%p@érgégﬁ@rr\r/oelerzt;/ésp?ef;bée‘\gﬁ@eﬁgégémﬁfg%s, m)g'E)Madlc
preferably ul, are prede@bly selegtachef f@yuleo®di nat i on of the af orenentioned

| oner apd upper limts of n. 30 The polynmers of the present invention

i ncl ude honopol yners and capol ygers, |ike statistigal or random copol yners,
alternating %oﬂéry'r%%%a:@r gd?roék copol ymers, as wel'® as conbinations
t hereof . 35Bl ock copol ynmers nmay for exanple conprise or consist of one or

fore wherein U, Ar'®, n, x and y have the meanings of formula | and I, and

15 R* and R® have independently of each other one of the meanings of R,
preferably F, Cl or Br, or denote -CH,CI, -CHO, -CH=CHy, -
SIR'R"R", -SiX'X"R’, -SiR'R"X', -SnR'R"R™, -BR'R", -
B(OR')(OR"), -B(OH),, O-SO2-R’, -ZnX', -C=CH, -C=C-SiR'R"R"
or P-Sp-, wherein P and Sp are as defined above, and R', R"

20 and R"™ have independently of each other one of the meanings
of R? as defined above, and two of R, R" and R" may also form
a ring together with the hetero atom to which they are attached,
and X' and X" are a halogen atom.

25 In the polymers according to the the present invention, the total number of
repeating units n is preferably > 5, very preferably > 10, most preferably 2=
50, and preferably up to 500, very preferably up to 1,000, most preferably
up to 2,000, including any combination of the aforementioned lower and
upper limits of n.

30
The polymers of the present invention include homopolymers and
copolymers, like statistical or random copolymers, alternating copolymers
and block copolymers, as well as combinations thereof.

35 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



bl ocks formed by units of fornmula | and one or nore blocks formed by WO
2012/ 052099PCT/ EP2011/ 004730 - 18 - units Ar3, wherein Ar3 has one of the
meani ngs Wb 2bvesedva |1 or as descri bed above and bel ow. PESEPCI1AI0D4730
preferred are pol yners sel ected fromthqsfol | owi ng groups: G oup A

consi sting of honopol yners of the unit U“or (Arl-U or (Arl-UAr2) or
(Arl1-U-Ar3) or (UAr2-Ar3) or (Arl-U-Ar2-Ar3), i.e. where all repeating
units are identical, 10- G oup B consisting of randomor alternating

copol yrer s 1 g e DY igl AFlodBhE SRl i ominlidenh gl uni (S (Ar3).

G oup C cons random or a mers tTormed by identical
units (Arl- wemrcbechah@ve;andlhﬂlw (Ar2-Ar3), 15 Goup D consisting of
random or alternating copolyners formed by identical units (U and

identical units (Ar2-A3-Arl), rein i es Arl, Ar2
bnd A 3 ar o ESPACAIN B BHEAATSPONTCT FORCteHIOT N TOUBN RO AP UBSG A 2 ar o
differgnt froma single bond, and in groups B, C and D one of Arl and Ar2
may al so denote a single.b nd. . Anot he elates to
nononers of fo p%,&,gor}gs@&g Bf'ﬁ m%@%é’ga&\tm% MBW’X\EFU %‘P(-’% 4 and R5
have the neani nyg) of (AOrWRArY) oi (Lbcﬁdz-Araor(;Arddré\o%r )heepwbéeg abkd neani ngs
as descri bed abr%]é%aﬁﬂg ARk W |§Qntlcal,

10 - Group B consisting of random or alternating copolymers formed by
identical units (Ar1-U-Ar2) and identical units (Ar3),

- Group C consisting of random or alternating copolymers formed by
identical units (Ar'-U) and identical units (Ar*-Ar),

15
- Group D consisting of random or alternating copolymers formed by
identical units (U) and identical units (Ar”-A3-Ar"),
wherein in all these groups U, D', Ar', A’ and Ar® are as defined above
20 and below, and in group A Ar' and Ar? are different from a single bond,
and in groups B, C and D one of Ar' and Ar” may also denote a single
bond .
Another aspect of the invention relates to monomers of formula la
25
R*-Ar'-U-AP-R® la
wherein U, Ar', A%, R* and R® have the meanings of formula Il and lla, or
one of the preferred meanings as described above and below.
30

Especially preferred are monomers of formula la wherein R* and R® are
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(2%), -C=CH, -ZnX, -C=C-Si(Z%); and -Sn(Z*)s, wherein X is
35 halogen, Z'™ are selected from the group consisting of alkyl and aryl, each
being optionally substituted, and two groups Z* may also form a cyclic group.



Especially preferred are nononers of fornula Ia wherein R4 and R5 are

I ndependently of each other selected fromthe group consisting of C, Br,
|, O-tosyWwet2012/@32q%i fl ate, O0-nesylate, 0-nonafl ate, -Si REZEP201H0PATBR,
-0-S02z1, -B(0z2)2 , -CzZ3=C(Zz3)2, -C=- -ZnX, -CF-_-C-Si(Z3)3 and
-Sn(Zz4)3, wherein X is 35hal ogen, Z1-4 are selected fromthe group
consisting of alkyl and aryl, each being optionally substituted, and two
groups Z2 may also forma cyclic group. - 19 - Preferably the noieties of
formula I, the nononers of fornula la, and the polyners of fornula Il and
Il'a cont aini ng them are selected fromthe foll ow ng% list of preferred
enbodi ment s: Prefenablyotheamoietins affermylad, $herglanopesrg, ofdetnulara, ardte 2 are a
si ngl e bond, ?I%Prf‘&fd?ﬁﬂxl@rllzaﬁdﬁa%htﬁnﬁlgﬁﬁéﬁm oo delectdd froAnther 2, when

bei ng di fferf® roma SII’I% pond, are sélected from 10 the group
consi sti ng cfp"@WIrtﬂp'Iﬁér?éPZe read embpdimenife- 2, 5-diyl, sel enophene- 2, 5-di yl

f 5-divyl th 5-diy
tﬁ.réelﬂo%z 3- Ib']yt‘Pﬂ%Bhgﬁ g@dérb’%@l ? eBﬂBéhenol[S 2- b] sel enophene- 2, 5- diyl,
I h 2 I I h 3, 2-
E]e tﬁ?SBhEEZFQ tg]éfe WREQ‘I"E%B'HQE? %{%"‘dssg] t R?gpﬁggg 2,5-diyl, all of
15whi ch are ugl@cgﬂaéiptag’tqe%\rfvgsrrgg{%osm Gysubst I tuted, preferabl y with R3

as defined ab I's s ed fromthe group consisting of

1, 4- phenyl ene, {1 |
thienojg. 2 by {4t SHEERE TSN d'ﬁ%ﬁﬂﬁe A3 He e et e
sel enop eno[ 3, metgrgypmpﬁgﬁ@_ejt lopiepe-2, d|yl thiazole- D ,5-diyl,

Eel ﬁnopﬂem[g §elgh§gh§ﬁ@am@wl2fu5anims gl ﬁhi%h@ @he {h’io;ihene 2, 5 -diyl, ,
L oprene 2 ERRBRERE b PoL RS 2t

diyl, selenopheno[2,3-b]selenophene-2,5-diyl, selenopheno[3,2-
b]thiophene-2,5-diyl, or selenopheno[2,3-b]thiophene-2,5-diyl, all of
which are unsubstituted, or mono- or polysubstituted, preferably with R?
as defined above and below,

15

- Ar is selected from the group consisting of 1,4-phenylene, thiophene-
2,5-diyl, selenophene-2,5-diyl, thieno[3,2-b]thiophene-2,5-diyl,

20 thieno[2,3-b]thiophene-2,5-diyl, selenopheno[3,2-b]selenophene-2,5-
diyl, selenophenol2,3-b]selenophene-2,5-diyl, selenopheno(3,2-
bjthiophene-2,5-diyl, selenopheno[2,3-b]thiophene-2,5-diyl, benzo[1,2-
b:4,5-b'|dithiophene-2,6-diyl, 2,2-dithiophene, 2,2-diselenophene,
dithieno[3,2-b:2’,3-d]silole-5,5-diyl, 4H-cyclopenta[2,1-b:3,4-

25 b’ldithiophene-2,6-diyl, carbazole-2,7-diyl, fluorene-2,7-diyl|,
indaceno[1,2-b:5,6-b"ldithiophene-2,7-diyl,
benzo[1",2":4,5;4",6":4',5']bis(silolo[3,2-b:3',2'-b'lthiophene)-2,7-diyl,
phenanthro[1,10,9,8-c,d,e,f,glcarbazole-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-

30 diazole-4,7-diyl, 2H-benzotriazole-4,7-diyl, thieno[3,4-b]pyrazine-2,5-
diyl, quinoxaline-5,8-diyl, thieno[3,4-b]thiophene-4,6-diyl, thieno[3,4-
b]thiophene-6,4-diyl, 3,6-di-thien-2-yl-pyrrolo[3,4-c]pyrrole-1,4-dione, or
[1,3]thiazolo[5,4-d][1,3]thiazole-2,5-diyl, thieno[2,1,3]thiadiazole-2,5-
diyl, 2-thia-1,3,5,8-tetraaza-cyclopenta[b]naphthalene-4,9-diyl,

35 thieno[3,4-c]pyrrole-4,6-dione-1,3-diyl, benzo[lmn][3,8]phenanthroline-
1,3,6,8-tetraone-4,9-diyl, all of which are unsubstituted, or mono- or



dithieno[3,2-b:2",3 -d]silole-5,5-diyl, 4H cycl opental2, 1-b: 3, 4-

25bl di t hi ophene-2, 6-diyl, carbazole-2,7-diyl, fluorene-2,7-diyl,

I ndaceno[wWp2612/62®9bl di t hi ophene-2, 7-diyl, benzo[ 1", 2": 2CP/EP2011/004730
4",5":4',51bis(si|o|o[3,2-b:3',2'-blthjg@hene)-2,7-diyl,

phenant hro[ 1, 10, 9, 8-c, d, e, f, dcar bazol e-2, 7-di yl ,

benzo[ 2,1, 3]t hi adi azol e-4, 7-diyl , benzo[ 2, 1, 3] sel enadi azol e-4, 7-di yl ,
benzo[ 2, 1, 3] oxa- 30di azol e-4, 7-diyl, 2H benzotri azol e-4,7-diyl,

thieno[3,4-b]p alphgr R3 | d
t hi enof 3, 4- b]tﬁé@ghgﬁga@ p%ﬁéfab'?ﬁ?'ﬁﬁ"é el ?ﬁ?’%ﬁ%ﬂé‘bé’ve andy

3, 6-di-thien- 2b9I0V\pyrroI o[ 3, 4-c] pyrrol e-1, 4-di one,

1, 3] t hi | o[ 5,.4-d t hi th th 2, 5-
Gyl 2t as LS B kDY ﬁ%r%}%ﬁﬁﬁaﬁfé%ﬁbywkéﬁé%%x@t% g0 el
35t hi eno[ 3, 4- cip2 000, prefebalnly apeoB0®. di yl , benzo[l m] [ 3, 8] phenant hr ol i ne-

1, 3,6, S-tet raone-4,9-diyl, all of which are unsubstituted, or nono- or WO
2012/ 052099PCTMEA2Cit 1¢ 5147800 - preferablycatyeasist, 000G waly pieferablyiat yeagtt h R1, R2

or R3 as defin | east 10,
very preferabl 3ﬂacﬁﬁf‘é§gfﬂ%6%bﬁ)% u%dﬁ%s%@g@gb{é@@;drrgfeé?ggﬂ;ﬁtog@%oggo Mvis

at least 5, 000R'pyRf RF 3k )éefé"ctécﬁﬂéﬁ\ t&e%}au t@hylsnﬁgfw ﬁmavyatkyll east 10, 000,
and preferably up to 30 232) ? prefe to 1 C%Bg& ﬁﬂ. nd R2 are
sel ected from ?H‘é)xé(rvﬂtlb d9 gﬁ?lé o?e‘imd%éYélké(F?W'kB?‘ygﬁ to 1 to 30
C at ongQ secondwmsaéMEemarwblkprf alkdxy With @ t8B0C Hlatmsnwhessid inatiti ary
al kyl or al koxy with 4 | rOups one or
m)rg H at ons a¥'é E%ﬂ?&ﬁ’f’?? %ﬁat{)%ﬁé% ﬁiﬂdhazb@ﬁlgrgégs IFgc!toed fromthe

roup consisti m%h %\(@" BN ROUS-
gt ralpght chai’ n'ﬂibérﬂadnﬁ@%)re B@Iec’t&f fit %ow%oﬁ%@m&% tR (\§/\,h| ch one
or nore non- adJRace@tC(@)alRormh%rﬁé‘ R1!§ SfFRipbhahaip, Paacaeecpr@ych@a Y S,
-C(0)-, -C(0) - Qyith 1 B BOQ atom8; IFMIicA one- RIS ndi-ad@denetiatomsiliech one or

R R n‘éﬁahﬁ”a'lé&z@ﬁ%@ %b%d@ooe@%-o g -0t
-CR%=CR%- or -C=C- and in which one or more H atoms are optionally
replaced by F, Cl, Br, | or CN,

wherein preferably R® is primary alkyl with 1 to 30 C atoms, very

20 preferably with 1 to 15 C 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 the group consisting of aryl, aryloxy,
heteroaryl and heteroaryloxy, each of which has 4 to 30 ring atoms and
25 is unsubstituted or substituted by one or more halogen atoms or by one
or more groups R®, -OR®%, -C(O)-RG, -C(O)—O-RG, or -O-C(O)-R6 wherein
R® is as defined above,

wherein preferably R%is primary alkyl with 1 to 30 C atoms, very
preferably with 1 to 15 C 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%isF, Cl, Br, I, CN, R®, -C(0)-R®, -C(0)-O-R®, or -O-C(0)-R®, or R*is
aryl, aryloxy, heteroaryl or heteroaryloxy each of which has 4 to 30 ring
35 atoms and is unsubstituted or substituted by one or more halogen

30



20preferably with 1 to 15 C atons, secondary alkyl with 3 to 30 C atons, or
tertiary alkyl with 4 to 30 C atons, wherein in all these groups one or
nore H atworomves2epti onal ly replaced by F, RL and R2 ar @CsaPeati®478¢ om t he
group consisting of aryl, aryl oxy, het eé?aryl and het eroaryl oxy, each of
which has 4 to 30 ring atons and 25 is<unsubstituted or substituted by one
or nore hal ogen atons or by one or nore groups R6, -0R6, -C(0)-R6,
-C(0)-0-R6, or -0-C(0)-R6 wherein R6 is as defined above, wherein

preferably R6 is ry a 6 3 6 pr.efe yW|th1
to 15 C atons, at@@%%%l fnﬁ%yfnovﬁ%o@ 'g g(® gﬁogco)Séor 8 {Dg V' al kyl
with 4 to 30 GQ%,twherelmm'cslas daﬂmd abbresse groups one or nore H atons are
optionally repl gced b is F, d, Br, I, CN, R, -C(0)-Rs,
-C(0)-0-R6, orR-and® a:eesaiectagfrognaﬁglCr&hwaM heteroaryl or

het er oar yl oxy ch of . which has 4 to 30 r tonms_and Is ubstituted
or subst i tutengy’an% are selestathireei. halog@ﬁ C"i&QJmsC%p by HO'@&)T nor e

gr oups 56 dC(RQ)R RGR""@??‘OIIR‘J']R%,—BRFR'L CB@RM‘@%")\@(@H)} r@f)scaszgefl Inedt .
above, R an re selec r Q sel ecte
fromH, hal ogeflkyL &fezo- -alk 85]@?&@[5?"“ g &W‘f&malg}ﬁﬁ

-B(OR ) (OR"), sifshtiiiad é’rprr h@ﬂerﬁﬁ@da,l kyl, Cl1-C20-al koxy, C2-C20-al kenyl ,

Cl1- C20-f | uor oal kyI and optionally substit ut ed aryl or heteroaryl, - R4 and
R5 are i ndepenBémnidyRd éreamdepeu'lldenﬂ}sef eachatifar seladied @'mﬂlﬁ'le.l.QWFSI sting of

) S; MngOI "o. Stog?{éléﬂ rBIT, 'I,@gsﬁgﬁ%kﬁb@e @ 3 %ﬁé{é‘t@-’nggaﬁ%%@z'zand

-Sn(z4) 3, wher SiMeaE i- 'M§ kel -6 EQ(ZI‘)Z)H'QEIQH i sting
0}‘ al ]Ifyl and aslyt %ams}f(zﬁg @/hbréiﬁad is?heﬁ?@&" Iz‘rfteﬁd seaétdeamrﬂlﬂwr)s Z2 may
also torma Cygréucp ér?sqgt’ng oF ¥Ik9 é/achrgelng optlonally substituted, and
two groups Z? may also form a cycllc group, very preferably from Br.
15
Preferred polymers of formula Il are selected from the group consisting of
the following formulae:
R R’
20
=3
x 34, A
APJ\S s/\‘ Ar—]n—
25 R1 RZ
=3
x 2 AP Art—s B
—P—j\ S S/\—Ar Ar Ar—]n—
30 . =2

N
AL T At Iic
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Preferred polyners of fornmula Il are selected fromthe group consisting of
the follow ng fornul ae: N\ Ar2-Ar3-Arl+* n Ar3-Arl. n WO
2012/ 052096RC/(ER®O11/ 004730 - 22 - PCT/EP2011/004730

-22.-

RZ

N N
AL T A IID

5
wherein R', R, Ar', AP, Ar’ and n have the meanings given above and
below, and wherein Ar’, Ar* and Ar® do not denote a single bond.
10 Especially preferred are polymers of formulae llIA and I1IB.
Very preferred polymers of formulae Il and lIA-ID are selected from the
group consisting of the following formulae:
15 R1 R2
N N NS ¥
| | / /\N
* S S
20 .
R\ R
' r\f 12
25 /{J\s
R\, R’
30
N N N8 13
| | / _N
* S S
R°0-0C A~

35 CO-OR®



wherein R, R2, Arl, Ar2, Ar3 and n have the neani ngs gi ven above and

bel ow, and wherein Arl, Ar2 and Ar3 do not denote a single bond.

10Especi aWbypopvest@er ed are pol yners of fornul ae 11A andPCITEP20Ma/0947p0 ef err ed
pol yners of fornmulae 11 and 11A-11D ar_ezgel ected fromthe group consisting

of the followng fornulae: 15 20 111 ‘NNN-S, Il S R60-0Cn CO-OR6 - 23
R R
l\f 114
A/Ls s
5
R1 R2
10
N N N=g 15
I \ [\
* S S = N
S/
n*
15
116
20
25
g
30 n.

35



15 25 30 117 - 24 - 10 15

WO 2012/052099

- 24 -
R1 RZ R7
|
O~ _N_ _0O
<o
*/H\s S
5
n*
07 >N o
. le
10 R1 RZ
r\f’@\ 119
*/P\s S
15
R R?
20
"f 110
*4*3 S
25 Rl R
N 111
M
30

35
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30 WD 2012/ 052099PCT/ EP2011/ 004730 - 26 - 10 wherein Rl, R2, R3, R6
and n have the neanings as given in fornula 1 and Il or one of the

pr ef err edworarasg®oas gi ven above and bel ow, and R7 andPR3/Hramia/004730

i ndependent|y of each other one of the gganings of R3 or its preferred
meani ngs as gi ven above and bel ow. Prefgéfed polyners of fornmula Ila are
sel ected of the formula R4-chain-R6 wherein "chain" is a polyner chain

sel ected from above fornmulae 11A-11D WD 2012/ 052099PCT/ EP2011/ 004730

7
5
10
118
15
R\ R’
20 119
25
wherein R', R?, R?, R® and n have the meanings as given in formula | and
Il or one of the preferred meanings as given above and below, and R’ and
30 R® have independently of each other one of the meanings of R?orits
preferred meanings as given above and below.
Preferred polymers of formula lla are selected of the formula
R*-chain-R®
35

wherein "chain" is a polymer chain selected from above formulae IIA-11D



- 27 - and 111-15, and R4 and R5 have one of the nmeanings given in formla
Ila or one of the preferred neani ngs gi ven above and bel ow. The pol yners of
t he presewd 0mwsp9von can be synt hesized accordi ng to orchEP2@nabgargy t o

met hods that are known to the skilled pg@qpn and are described in the
literature. O her nethods of preparatiofi can be taken fromthe exanpl es.
For exanple, they can be suitably prepared by aryl-aryl coupling reactions,
such as Yamanoto coupling, Suzuki coupling, Stille coupling, Sonogashira

coupl i ng, He% dGPHRET Gy %P&’ﬂ%ﬁg#ﬂ%%ghé'?Hean_?ﬁ%é’ﬁh/eﬁqm%ﬂnﬁ‘@aqw

Yamanot o coupl1ng are especi referre noners which are

pol yneri sed o onerafithedrefepest meanings@ivemabeve pRELEIMn be prepar ed
according to nmethods which are known to the 15person skilled in the art.
Preferably the polyners e prepared from nmononers, of. formula.la or its
preferred enJéi mﬁv@f%g?ﬁ&gﬁsgeﬁ'%{a@%" &7 b&e?ydﬁpeﬁé%fﬁa?ﬁ%r%'%&?e%& of the
! gven_t i&ln is i.a_a]??mgqsts rhethquetpa’ram(mmtqmslbuec}:peqsbhraydm@ orf rr;)re I

i dentical or diff. ; . | ormul a
2wt heach derEpea R ERERRAE Oe! FrethodSbibidharatién CRABERAER | (210
reaction, prdfoeniné gxampies. &ioflexample cthepicende svitablpprepmedibytamte and
preferred conppo p‘-fip@[rﬁa&m%‘?,s%f:htdéeYérﬁémHté‘couplﬂlg?S'fhz@'f{i Eoupling, 30wherein

R4 and R5 have’ one of, e meani n_g??| of _forgélg I'la,or oge of e preferred
meani ngs gi vertiligmnupling dSeRPGASH EheouRImg, Kleck GouBling REBNEAWAIRys of formul a
Ila or 1 Ar douplifgNSli2ulilcauping and Yaimametaeedsingearenespeciully gi ven above
and bel ow. preferred

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

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

20 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.

25

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

30 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.

35 Preferred methods for polymerisation are those leading to C-C-coupling or
C-N-coupling, like Suzuki polymerisation, as described for example in WO



- 28 - 00/53656, Yamanoto pol ynerisation, as described in for exanple in T.
Yamanoto et al., Progress in Polyner Science 1993, 17, 1153-1205 or in WO
2004/ 022626 2812/0529d Still e coupling. For exanple, when ®¢mEReEilH)4730 a

| i near pol ynmer by Yamanoto pol yneri sat_igg,_ nmononmers as descri bed 5above
having two reactive halide groups R4 and R5 is preferably used. Wen
synthesizing a linear polyner by Suzuki polynerisation, preferably a
nononer as descri bed above is used wherein at | east one reactive group R4

or o 15 2 DAbRNebE Y AnoRObeR) pr@ghen,dég H¥SADER 1A HBxarkPRUAUK!

pol yneri sati on nmay be us epare honmppolyners as_well _as statistical,
al ternati ng Yemanetket alndoeoE 'Pfr@y@ﬁr%ﬂ‘:@ﬂ%' v 1BP3R BNy ner s
can be prepaygd dov4/622678 A1l aamSthle cuplieg NPacsIEple! wihehrsyinthésizinger ei n
one of the realctlve gfroups EA and 55 |Ismha ogen anrg‘i t he gg?gr i tive
group is a b&r'BY%AE PREIMEIRY BENEHIRICRUMGE PRV VRNYNERH 2 F5THYE eggnt hesi s

of stabi sti cabovelHasimptvioeantivetiatide gropes Rirend Rsisqeeterablydised. det ai | for

le | : - ol i.Sal i
ool bys a PAdHeR %ﬂﬁ%é%z@fga”'a%r pORTA? A28 pobiieiiiagof BRI 00
t hose beari ngnenomenas degseripedapaveaés vsefhwheria @t izast opg(rPASIIIroMRot her
preferred phesnllp®id 4 Barshi¢ acld brsdstbhittacid aenlatiogidupre, i.e. Pd(o-Tol) 4.

Preferred Pd(I1) salts include palladiumacetate, i-e. Pd(QAc)2. Suzuki
pol ynerisation is performed in the presence of a base, for exanple sodium
carbonat(e, pPEwpaKi polypierisatiehenay bauseddapreparestoraopdlyaers as well as

tet t hyl 1 b N £ t ' ti . Ni (O
complex. 1 or SASERE BELTRG a0 BRER AadeBahPhER R TRLO o nat  ves
to hal ogens ampdbsuershen b pvepareddel exprgpledpemdhe aborealnon@nesofl can be
used wher el 1 b @iusr;#(frgg{bnﬁggﬁg&ctﬁgrgﬁ RY aRBRETHRH afiych

| eavi ng groups ar ate, ; e and tritlate. Especl, y sultable and
preferred syrthather reaChRISTUIP iSiRbPONGAcIHPrhareRic ABRYAHMEITOHPS or nul a

| and g5 andriejrthBeIBf statibtiear, BREERING dHd HIBEREbBolymers is Hescribdde

st s GRS IS 6 A hacd B N R A

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

20 Pd(Ph3P)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

25 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
30 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 |a, and their homo- and co-polymers of
formula Il and lla, are illustrated in the synthesis schemes shown

35 hereinafter, wherein R, Ar'. A and Ar® are as defined in formula | and Ii.



WD 2012/ 052099 PCT/ EP2011/ 004730 -

preparation of 2,7-di brono-benzo[1, 2-d; 4, 3-

Schene 1.wW8chE/HS2009

p NN GsSi R3sBr

29 - A synthesis schenme for the
cf] bisthiazole is shown in

R3Si Cl LDA 1

101 POBr3 Br

-29 -

i ) nPBWIFP2011/004730 )

A synthesis scheme for the preparation of 2,7-dibromo-benzo[1,2-d,4,3-

d']bisthiazole is shown in Scheme 1.

Scheme 1
5
)
8 3%
O?/\S SiRs/(S Br <—
10 l POBr, LDA l
4§ i) n-BuLi j
Br/< ii) R SiCl S|R/<
15 i) n-BulLi
ii) SnBu,Cl !_) n-BuLi
ii) 1, i) I,
|
8
20 SiRa/<S
i) LDA
ii) CuCl,
|
]
|) n-BulLi
25 S,R/( %
oy
SiR,
R1——.:—R2
Pd(OAc),
Base
30

35

R, .
N
9

Br/z}

_ _ i) n-BulLi
i) n-Buli ii) R,SiCl
ii) Br,

_SinE}

i) n-BulLi
i) 1,

i) n-BulLi
i) CuCl,

S.RA%



WO 2012/ 052099PCT/ EP2011/ 004730 - 30 - A synthesis schene for further
functionalisation of 2,7-dibrono-benzo[1, 2- d; 4, 3-cf]bisthiazole is shown
i n Schenmew@.20B8d152098 2 SnR(3SSnR3 ol B Synt hesi s schenes PCHHEPRIE/004730
co-pol ymerisation of 2,7-functionali seplgﬁn_zo[ 1, 2-d; 4, 3-d] bi sthiazole are
shown in Schene 3 and 4. Schene 3 WO 2012/ 052099PCT/ EP2011/ 004730 - 31 -

l TBAF
R
R
! R, 1 R,
N

N i) n-BuLi )

/

<s N i) CBr, Br/<s N
5 5!/ s—{_

A synthesis scheme for further functionalisation of 2,7-dibromo-benzo[1,2-
d:4,3-dbisthiazole is shown in Scheme 2.

10
Scheme 2
R1 RZ
] )
/“\ )\ Pd / KOAc
15 Br S S” “Br
o 0
i) n-BuLi ;[ B8 jz
ii) R,SnCl 0 0
R R
R, ¥ R, NI
20 N N
N N | \
SnR; S §” TsnR, é/ol (\)\é
25 Synthesis schemes for the co-polymerisation of 2,7-functionalised-
benzo[1,2-d;4,3-d'|bisthiazole are shown in Scheme 3 and 4.
Scheme 3
30

35



X1 = Br; X2 = B(OR)2 = Br; X2 = SnR3 X1 = B(OR)2; X2 = Br X1 = SnR3; X2
= Br Schene 4 25The novel nethods of preparing nononers and pol yners
as descriWweomsr®and bel ow are anot her aspect of the PAEFVARRIIGMHI47Fhe

pol ynmers according to the present inven an can al so be used in m xtures or
pol ymer bl ends, for exanple together w Th nonomeric 30conpounds or together
wi th ot her polyners having charge-transport, sem conducting, electrically
conducti ng, photoconducting and/or light emtting sem conducting
properties, or for, examle with polyners having holRe, bl Rking or electron
bl ocki ng propertiesyfaof use as interlayers or charge cking layers in
OLED devi ces. Thus at her aspect of thePdki nvengl fes to a polyner

bl end conprisin g&r\e "bo?(g/_rréf_s'xacwr'di'ng t reﬁﬁnt i nvention
¥(m3r s +Base *{/&S S Aﬂ\

and one or nor lél‘
X

1 S 1

5 | n

X, =Br; X, =B(OR),

X, =Br, X, =8nR,

X, = B(OR),; X, = Br
X, =8nR,; X, =Br
10
Scheme 4
R1 RZ
15 /Il {\1 + X;i—Ar—X, + X—A'—X,
X; S S X, PlL X, = Br; X, = B(OR),
X, =Br; X, =8nR,
iBase
R, R, X, = B(OR),; X, = Br
20 X, =SnR;; X, =Br
I I
Lael Lardlasl .
*{/ks s J FArfp A At
a

25 The novel methods of preparing monomers and polymers as described

above and below are another aspect of the invention.

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

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

35



- 32 - having one or nore of the above-nentioned properties. These bl ends
can be prepared by conventional nethods that are described in prior art and
known t o wbeoskiskdsed person. Typically the pol yners arepoirspdomioddr3each
other or dissolved in suitable solvents,gnd the solutions conbi ned. Anot her
aspect of the invention relates to a f'o?%ul ation conprising one or nore

pol ymers, m xtures or pol nyer blends as descri bed above and bel ow and one
or nore organic solvents. 10Preferred solvents are aliphatic hydrocarbons,

chiorinated Rydh8Hidonihoré b i bl HdiRNBARRopditke Phesehitis cHi

m xtures the t1 onal e used. I n¢l ud
1, 2, 4- t ri met bglprepareddby gonventional gatheds At ape dessedhBrRiATFEhaBRe,

gE‘S' lty' ene, Rﬁaﬁﬂ% tﬁd%ﬁméd pRrE6®. é:h@rth@rw rdét%téﬁiéh’ﬂ&@ﬁ%ﬁl eheiral i n,
ecaliln

tid |
2-chl or obenz@t"}uqr:‘%ig?qcﬂ\ée uor %FBP&H# %l’égﬂ? %ﬂPﬁgégﬁgmﬁﬁ}eéfm uene,
2-fl uogoani sol e, ani sol e, 2 3 di met hyl pyrazi ne, 4- fluoroanisol e,
3-fl [ 3-1 f |,
4 et hyl ani st 3segy f;fn*?esféﬁ%““éﬁi’%'5@8"*0%0%‘%“0?‘“&&%%'55*b"”%eéf‘)
fl uor obenzonmqrelrmlymefs woixbyres a1 peimyer tgeadses Wlsanb@@abovgand below
20f | uorobenz%ﬂgt({{{ r,m%ﬁ | g%mggm\,@mssol e, 2,4-dinethylanisole,

yl a

benzonitrile I sole, N, N-dinet hyI ani |l ine, ethyl benzoate,
1-fluoro-3,5- dinet hoxybenzene 1- net hyl napht hal ene, N-net hyl pyrrolidi none,

E?- ]1: : ugigobe [‘ﬁ‘?éférféwﬁlv&ﬂs éfrrleramphgné hv@rdcfdfbodse @hmrrnlaié'wbydrd)earﬁbm ane,

rifl uoronmet hox u enzotrifluo uo

25t ol uene, 29PMG fe?‘é!a[%ﬁ?éb%s % '?%Soghli%rtsrq r&g tfwgre?qflﬁﬁéltt gpaene 4-
i sopr opyl bi pkednts phiohytarebearsedppeluderie?, 44r1fﬂahlmylbe01emné,,2 3,%-

di fl uor ot ol f

thI olrJofI uorgggﬁ@g%tw]bgh%? oqéjmgllb‘é g%@%%@é‘lﬁyleﬁ? édméﬁgyc{yﬁﬁorobenzene
4-chl or of | uomb@m@aml@enéﬁm@rdiaﬁwmens, tezt?dmcﬂ%alm@r%ﬁ@me -fluoro-

2- chl orgg | uonpt I&f’e"%»ﬂdb‘ré% ﬁﬂ@nenz)emcﬁasenzmnﬂu&m imBinifefrAafiid®- . M,
and p-isoners. W t h reégllul veI Iow ol ar

t e nerally
preferred. F(ﬂ’cmﬁk‘? gﬂuﬁrﬂt%'f‘?ﬂﬁ IRP'Gh %fi ‘ﬁaglh% Peitir es and
sol vent m xt YliRsoaiiSole! 8ifkroreaniséiel 3Stpﬂlﬂbmt§thy@ar&$dﬂ¢l atmelthbmusaﬂes like

xylene and tolhueenn?olar o gthyfa% :goefg 3‘?‘r$ethylan|sole 4-fluoro-3-methylanisole, 2-
fluorobenzonitrile, 4-fluoroveratrol, 2,6-dimethylanisole, 3-

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

25 toluene, 2-fluorotoluene, 2-fluorobenzotrifluoride, 3-fluorotoluene, 4-
isopropylbiphenyl, phenyl ether, pyridine, 4-fluorotoluene, 2,5-
difluorotoluene, 1-chloro-2,4-difluorobenzene, 2-fluoropyridine, 3-
chlorofluorobenzene, 3-chlorofluorobenzene, 1-chloro-2,5-
difluorobenzene, 4-chlorofluorobenzene, chlorobenzene, o-

30 dichlorobenzene, 2-chlorofluorobenzene, p-xylene, m-xylene, o-xylene or
mixture of o-, m-, and p-isomers. Solvents with relatively low polarity are
generally preferred. For inkjet printing solvents with high boiling
temperatures and solvent mixtures are preferred. For spin coating
alkylated benzenes like xylene and toluene are preferred.

35

Examples of especially preferred solvents include, without limitation,



WO 2012/ 052099PCT/ EP2011/ 004730 - 33 - dichl oronet hane, trichl oronet hane,
nonochl or obenzene, odi chl or obenzene, tetrahydrofuran, anisole, norpholine,
t ol uene, WOXY124052099m Xyl ene, p-xyl ene, 1, 4-di oxane, acePOm&P2011/004730

met hyl et hyl ket one, 1, 2- dichl oroet hane, 74, 1, 1-tri chl or oet hane,
1,1,2,2-tetrachl oroet hane, ethyl 5acetate, n-butyl acetate,

di nmet hyl f or mam de, di net hyl acetam de, di nethyl sul foxide, tetraline,

decal i ne, indane, nethyl benzoate, ethyl benzoate, nesitylene and/or

m xtures theregf C h'% h L the solution is
preferably Oqﬁc?}l%roﬁ;@%wg%, ﬁﬂh\r/\cg?g t ,mﬁdm@#%@g%ﬁ%%%&t 0 S%Vi wei ght .
Opt i onal |y, di@l@@benzeneaﬂegr@hyéfﬁj\dﬁ%gnb%?@,dFOFrPBPBn%i telisne, Pox %’j‘%st t he

rheol ogi cal piopRIE] BSyldife dRacToXAtb, faeetnermmdtaylomyIRI8AOS 055248 Al .
er e appropriate mxjing and agejn iops are eval ua as one o
'Sthe foll ondiRheimettate. oo A BRpIESEale. T ot 2 Bl Ralplosang efvbn or

i nsol uljl e. Theetns! pbutyliavetate, dmasthylfornoarnidendinméthyaoietdmidet y

par anet er - hydr oggen, b ' WAy VAN LA LN bility.
ol et e | SGDEDA RN e deonlne, oz ptiriy) KeRare Je®C L Y om
literature vaenesatychesitylenmandiesmixturesthaieel,, J. D, Teague, G S. Jr and
Lowe, 20J.W Jr., Journal of Paint Technol ogy, 38, No 496, 296 (1966)".
Sol vent bl ends may also be used and can bhe identified as descrjbed in

TS0l vent o WGP oIGENALRB B RODMESIn dbs SQURG BRI Dokt by,

p_9|- |106_1JO98|6" -byg\Héi%hﬁhrﬁbﬂé: fhfél%m]g.ﬂ 8Pty welgher@ptidnaliyptiie selltiemt s t hat
Wi i ssol ve 'both the pol yners of, t e ven it is
desirable to 6}{%{?/80'2'@5@9?8 OTdhR"S P'ﬁ‘@%é%{%%ﬁpgﬁ thge{ES%)@%:.a' %h@%ﬁgg’mrs
accor di ng t o dweesurivednor exaaple onMV\E2208PK55B848usked i n patterned OSC | ayers
in the devices as descri bed above and bel ow. For applications in nodern

m croelectronics it is generally desirable to 30generate small structures
or patterns tAfterdtheaprroptiatefppingiand agsingaselutipeaare gvaluatrkas 858fnpt i on.

Pattermmg ofibhbiowiRyate§OHBY: icdhiilete SUNLLTE bordaindisBlution drhe present
i nvention can be carried oyt for ex le b hot ol i t hogr aph | ectron beam
|'i t hogr aphy dpscplggér. fﬁﬁq@ﬁﬂyrn@e &' §atn to Buthne the solublﬁ{y Arhmeter:
hydrogen bonding limits dividing solubility and insolubility. ‘Complete’
solvents falling within the solubility area can be chosen from literature
values such as published in "Crowley, J.D., Teague, G.S. Jr and Lowe,
20 J.W. Jr., Journal of Paint Technology, 38, No 496, 296 (1966)". Solvent
blends may also be used and can be identified as described in "Solvents,
W.H.Ellis, Federation of Societies for Coatings Technology, pS-10, 1986".
Such a procedure may lead to a blend of ‘non’ solvents that will dissolve
both the polymers of the present invention, aithough it is desirable to have
25 at least one true solvent in a blend.

The polymers according to the present invention can also be used in
patterned OSC layers in the devices as described above and below. For
applications in modern microelectronics it is generally desirable to

30 generate small structures or patterns to reduce cost (more devices/unit
area), and power consumption. Patterning of thin layers comprising a
polymer according to the present invention can be carried out for example
by photolithography, electron beam lithography or laser patterning.

35 For use as thin layers in electronic or electrooptical devices the polymers,
polymer blends or formulations of the present invention may be deposited



- 34 - by any suitable nethod. Liquid coating of devices is nore desirable
t han vacuum deposition techni ques. Sol ution deposition nmethods are
especi al Iwoppefuseered. The fornul ati ons of the present i RCEmPR@n/oe47abl e t he
use of a nunmber of liquid coating techpggqes. Preferred deposition

5techni ques include, without Iimtationy dip coating, spin coating, ink jet
printing, letter-press printing, screen printing, doctor blade coating,
roller printing, reverse-roller printing, offset |ithography printing,

{1 exogr aphi ¢ pinitdidle fiReRSd b ceRiBor YiRicedds nRSdtfesiapld tHanor pad
printing. Inkijet’ printing i's particularly preferred as it allows high
resol ution | sgeugmaaposiipn feshsiqueshSopitiep sitigey egthagdsralénul at i ons of
the present paNeahilPPretBireBeTABAbIGGatioNPbEMRISres8hEAVERNOE enablestheat es by
ink jet printing_or mcrod Is ensing. Preferably i dusq[rl al ol ezoel ectric
print heads é'ﬁﬁl?fésm!mpehBt "ﬁ)‘i”aiclo@gngéecirg"‘i"ﬁ%%érgf?ﬁﬂ dPIRNADr i on,
H t achis- Koki tedhmigeds ihefluen without Gmitatiogedip Beating) smin coBting] iek jetSpect r a,
Trident, Xaar . e, us to 0 i C i to a
substrat e. - ABHNYSnialEs Piests ARG shiar bR oREr B eodind Wr 0, 24 1y
Brot her, Epsgnintikgnievarsesalies printing Lofiset ditingsapmapmeE@ o flexpaprhitozzI e
m cr odi Spensg)rriﬁ%iﬁb’C\neﬂgrﬁiﬂg?%@%r%ﬁﬁ?gb%h'\éd‘a‘ﬁﬂgrd?Fba%'}Qier@'. Ghigfet may be
rto plie I'nk | e

used. In ord be a printi or m di spensing, the

. .n .Cr
pol yners showriating ig pagicularyseiiefersed as it @l‘ﬂ"‘fsatﬂigg resplyEeR ?3V§6 #BAt s nust

ful fil 1tche re@VideRBHeSp&paredl above and nust not have any detrinental
ef fect on 25the chosen print head. Additionally, solvents should have

boiling points >100C, preferably >140C and nore preferably >150C in order
to prevent osylattedifosmplatibhe wé treapsssenbinvehtios olay beapgligd by out i nsi de
the print hea : j sol vents
i ncl ude substp??tﬁggg?#da ér:\g?r:]é gﬁggﬁlt}éﬁt cf n)@%tgﬁgﬁ @gﬁ}\%ﬁ%ﬁgbéﬁé?ﬁ%l_Z al kyl
30f or mani de, Ryeferablyinddstiabipieaneleelin prinfthaddgfiush) assbutriptdintitad fhenol -

ether degivaty,xes < skt by WpPidnh PHEERICKEKICMKIEE Ne@indioS L toyri di nes,
pyrazi nes, pyrim 8| nes é(gg{rr | i di nolilea, s%;? tuted an non-&gt stituted
N, N- di - C1_2- a186/ingiagy. Ricoleh PRsciiar THPgRk X33f BpYobe URPD P ARPNANS: onmt i cs.
WO 2012/ 052099 FaicERhitdnd0ds yer 8 a-substranddditiohadiylsehiitind estriby one or
nore substityents wherein the {otal r a 5. a t he one or
more subst i t A TUENES ﬁ'é’igtm%ﬁ\"%&td%%?&%&%ﬁcreEg?ﬁ%’a%gﬁgghgg%%ri vative
may be subst ilhstrecients FioshipadigC ogisingle oozzlamaieradisperisegs sueh asithoss t her
case t e bej i %ngam t ' tal. Such a sol vent
enabl ersﬁgm i %’Bﬁgﬁé‘? Fgﬂgk{%&gé or rrep%&ggrr'ﬁr gibgjgstelghe solvent with the
pol ymer, which reduces or prevents clogging of the jets and separation of
the conponentis {Hef fRPbe BppKed By il fot PANKRE of PiciBRlispeneinddend peRenasrs! ect ed
fromthe foll ow ng, | Ifs%tr@ xanpl es: ’dBFeCc}fl beinéepeh t fulfil th
1- met hyl - 4- t esheuidi PeifsetBiesrived & gisyilgple solvent. Solvents must fullil the

requirements stated above and must not have any detrimental effect on

25 the chosen print head. Additionally, solvents should have boiling points

>100°C, preferably >140°C and more preferably >150°C in order to

prevent operability problems caused by the solution drying out inside the

print head. Apart from the solvents methoned above, suitable solvents

include substituted and non-substituted xylene derivatives, di-C4.-alky!

30 formamide, substituted and non-substituted anisoles and other phenol-

ether derivatives, substituted heterocycles such as substituted pyridines,

pyrazines, pyrimidines, pyrrolidinones, substituted and non-substituted

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

35 A preferred solvent for depositing a polymer according to the present
invention by ink jet printing comprises a benzene derivative which has a



10l i ronene, isodurene, terpinolene, cynene, diethylbenzene. The sol vent may
be a solvent m xture, that is a conbination of two or nore solvents, each
sol vent pweferaiseepohavi ng a boiling point >100C, nore pPefTaradiigpos73e10C.
Such sol vent(s) al so enhance f|In1fornq§ on in the |layer deposited and
reduce defects in the layer. 15 The ink Jet fluid (that is mxture of

sol vent, binder and sem conducti ng conpound) preferably has a viscosity at
20C of 1-100 nPa’ s, nore preferably 1-50 nPas and nost preferably 1-30

mPa’s. 20The%$r94é/r{£e{¥3$ gﬁbéﬁﬁf% 6‘39 bﬂ@%r@'ﬁ&r‘ér divdgitdents WhepsingRatotanvent i on

can addition nmore further co nents or additjves
sel ect ed forntﬂmbeéﬁéﬁ@llb@nfat@mss@mp%éh%@f‘ﬁ\% regify ituents iz At'sAShg agents,

wet ¢ ng agen{rﬁeedﬁ?rp@iaﬁha@ ﬂf@?éﬁzedr’ib’déﬁ\fd”twblmg ysossusitudoning agent s,
ow i nprovers, defoam n en eaer at or |

react i \r/rg or DEIRYhOFQURPY e Q“LS?EH%[PP% Ing %gﬁfﬁﬁ%]ghé%ﬁg%i?tpl gﬁents
sensi tbzers, trﬁréél@bkbdreaﬂzmﬂantmalr Suchessaventreidfilesas inkTjet flpie torke
according to theeéf%ocrﬁsﬁ%mbqw%\ Mt Rith tHég{]'(i)S{m éﬁﬂ&il}cr gr}f}port

sem conduct i ct i n ucti1ng
m ffing rmat epreents aloggirigcel theee@md)a@mar@apn Oéltfe%w@ﬁpeents durlng

el ectrolum ng?@%f;;é"ﬁm%&%ﬁh&@ Mﬁ?‘?r%!ﬁd@mé&eﬁrfrdiﬁ‘(héﬂﬂlovdlﬁihﬂese

devi ces, the rs o resent. I nve e cal i ed as
thin | ayers € eX@ﬂnﬁiﬁs dodecyl bq>ﬂa%ne,t1ﬁg1%lp E -Fﬂft-s W&%"pzﬁ vi des the
use Iof 1ohe Sﬁmf@ﬁéugbuugaﬁép@&pmmme peyrvems, dicttgtbhenzeneLT e lsohveot | ayer in
an el ectroni c device tion Hse | ty

seni conduct i MPNEE @rstAYe e‘r{mX{u'@G a5 Riq n%ﬁébqﬁ%w%cgfs@n @Bgéel?g&gh d

fornul ati on eayhiselvwent prefecablehaninigea boiing peintor AL, H\Qf@rnf@@m@hlb!t i ng | ayer
or film Accg (3%)9@' éu?l'w @o%ﬂt( Qgéls%sé}f?‘fatncetfnﬁ BHRASEM ir méqayépn provides a

sem conductin tronic device, the layer conprising
a pol yner, pdepmsﬂefbﬁéﬁdedﬂc%ﬁ@m miherawecording to the invention. The
|l ayer o5 filmmay be | ess than

The ink jet fluid (that is mixture of solvent, binder and semiconducting
compound) preferably has a viscosity at 20°C of 1-100 mPa's, more
preferably 1-50 mPa's and most preferably 1-30 mPa's.

20 The polymers or formulations according to the present invention can
additionally comprise one or more further components or additives selected
for for example from surface-active compounds, lubricating agents, wetting
agents, dispersing agents, hydrophobing agents, adhesive agents, flow
improvers, defoaming agents, deaerators, diluents which may be reactive or

25 non-reactive, auxiliaries, colourants, dyes or pigments, sensitizers, stabilizers,
nanoparticles or inhibitors.

The polymers according to the present invention are useful as charge
transport, semiconducting, electrically conducting, photoconducting or light

30 mitting materials in optical, electrooptical, electronic, electroluminescent or
photoluminescent components or devices. In these devices, the polymers
of the present invention are typically applied as thin layers or films.

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



about 30 m crons. For various el ectronic device applications, the thickness
may be | ess than about 1 mcron thick. The |layer may be deposited, for
exanpl e owoaopaseevef an el ectroni c device, by any of theCaffFe@n®mBoned
solution coating or printing technique§36l0 The invention additionally
provi des an el ectronic device conprising a polyner, polynmer blend,
formul ati on or organi c sem conducting | ayer according to the present

i nventi on. Especially preferred devices are OFETs, TFTs, I1Cs, logic

cireuits, Qgﬁ#faévicgglapdt ald O?@e fgnﬂétrorjrwﬂ;@ us@\/ﬁyr exahifiecel | s,

| aser dlodes oconduct or tectors, ectro hotogra phi devrces

el ect r ophot omﬁﬂfWr@@?@ni@n@éﬁt'%@@Y%P@gﬂﬂcA?@fﬁW Yy @Bathersensor

devi ces, Chaégseétntrﬂé?bré@,enlt aHehSon PeoabES % sbnmdeﬁdualr@rrayesfdmsbauerns,
antlstatrcfr , uct i

ng ,substrates and conductin ng?t erds.
Especial |y p?@‘céﬁornécd %Y'E%'ttrhgdﬂera%qm%s'ag@ ST Rﬁ.ﬂ%& eV devr ces, in
partic6l ar bgdrindietier agcordingto (hBHIyerddn. diei lagesr. or ﬁ1rranma¢¥i§l‘les‘scblnarexarrpl e,

(he et Ve S CPAGL st PRSP ISR B Aoy Bhese | o

the | ayer of @ er exa device
charge (hol enuay ké dgss iba) abqtédtmmﬁomhlckaﬁmawer maydhe dapositathfose t he
| ayer of theg rrﬁﬁéo bﬂra pg rof'aﬁeeréaréwd@ereb68§ ah?%f@ﬁ’é&éf@én%?ﬁr@hédng to the

pr esent |nven erably used in a formulation that conprises or
cont ai ns, noﬁ@'tﬁl@ﬁr‘é?aé'f‘smrwrﬁﬁ'ﬁ‘glt§9'§”'8§§%nt ially of, very preferably
excl usipgel y of, a p-type (electron donor) sem conductor and an n-type

(el ectron ac sem nduc sem conduct or onstituted
by a pol ymer C@@CB?’ i @ 'E'ﬁ@albf B%’Hfreﬁﬁ 8?%[)0%8?0 df%vec%c9we'sg'§n$conduct or
can be an i npoyanes pohtreei blend ufoimadativinner agadie samrcadductmgslayenr de, or an

or gani ¢ 35”ata§8b€c]m€\’8thea§re% hvph%ma& gg;éerérrfpr Fe@ﬁ@%é%@&e

(6, 6)-phenyl ester I vat fuIIerene
al 50 known® aFETENFF Bs, 0800 oirgstso soPamilarsasi i) tApsy $3- EDsOLE T&60PCBM'

as di scjpsed ¢hp D%X@jm}'§ s'oThr@elIé’Ulasér dicaes, ﬂh&ocbhkﬂ”’@b@“phﬁtodéﬂé’étors“ J.
Heeger, Science 1995 9 if and R 85§|he structure shown
bel ow, or an &igft [Rﬂh.ﬂt%grazﬁ’r?é? %%‘Bﬁés @iﬁﬁmt%ﬁaﬁ g;r&c RISV GFFer ene group
(C70PCBM , ororganiel emiory deeicksr sensampleeicEsathiarge itection layers, Schottky
diodes, planarising layers, antistatic films, conducting substrates and
conducting patterns.
20
Especially preferred electronic device are OFETs, OLEDs and OPV
devices, in particular bulk heterojunction (BHJ) OPV devices. In an OFET,
for example, the active semiconductor channel between the drain and
source may comprise the layer of the invention. As another example, in an
25 OLED device, the charge (hole or electron) injection or transport layer may
comprise the layer of the invention.

For use in OPV devices the polymer according to the present invention is
preferably used in a formulation that comprises or contains, more

30 preferably consists essentially of, very preferably exclusively of, a p-type
(electron donor) semiconductor and an n-type (electron acceptor)
semiconductor. The p-type semiconductor is constituted by a polymer
according to the present invention. The n-type semiconductor can be an
inorganic material such as zinc oxide or cadmium selenide, or an organic

35 material such as a fullerene derivate, for example (6,6)-phenyl-butyric acid
methyl ester derivatized methano Cg fullerene, also known as "PCBM" or



5M and McCGehee, M D. Chem WMter. 2004, 16, 4533). A preferred materi al
of this type is a blend or m xture of a polyner according to the present

i nvent i orwoi2ote/&20860 or C70 full erene or nodified full eremErkokmos26GBM
Preferably the ratio pol ynmer:full erene_?s,_from 2:1 to 1:2 by weight, nore
preferably from1l.2:1 to 1:1.2 by weight, nost preferably 1:1 by weight.

For the bl ended m xture, an optional annealing step may be necessary to
optim ze bl end norpohol ogy and consequently OPV devi ce performnce. The OPV

device can fgq he,bg; f vgmyt | ij e > e.g.
Vel daut ot ol CooPl o Jistloselol KRAMBIERNG' YT Bfol W HIHIRIGEE e orv
devi ce accor 8Vud, Aol.tHeedelv SSIeNsS Ml 470, by 178 fhapd heyi&then el ect r ode

(11) (for eX%ﬂB;ﬁJré s beldWs br an sMudkiratahalogbds @oRipdundavith &gnel i on
el ectrode (1@%

for exanple LT e of ich, is transpare lL.ayer
(13) (al so ré&fe qll@@e@%gggup&éfqg\%@gﬁ@-gg@m%[(?%? & Igﬁga{,ﬂ%b ting
mat eri & and Mnael MuGeahed, MnBp&hemd/ater.e2004, ,76pA688).abl y sel ected from
OSC materials, situated between the el ectrodes (11, 12); the active |ayer
can exist for exanple as a bilayer ot two distinct |ayers or blend or
m xture of p-type and n-type sem éné)uct or, formng a bulk heterj unction
(BHJ) (see for exanple Coakley, K {{ and MGehegse M - 38 - D. Chem
Mat er. 2004, 16, 4533), an optional d i poﬁ ynmer |ayer (14), for
exanpl e conprising a bl end of PEDCE X tpol y(3B, 4- et hyl enedi oxyt hi ophene):
pol y(styg enesul fonate)), situat i he active layer (13) and the
5hi gh work function electrode(ﬁz itky the work function of the high

wor k function el ectrode to provi_g n o .contact for holes, an optional
coating (15) (for exanple of LIEN ensthe 17gile of the | ow workfunction

el ectrode (11) facing the acti ve\Ligfr‘ 3y, to provide an ohm c contact
for electrons. 10 A second preferr devi ce according to the invention

is an inverted OPV device and conpri sgs: C a low work function el ectrode
(21) (fps exanple a netal, such as go 6‘5‘3 %Md a high work function
el ectrode (22) (for exanple ITO, one of which

A preferred material of this type is a blend or mixture of a polymer
according to the present invention with a Cgo or Cy fullerene or modified
fullerene like PCBM. Preferably the ratio polymer:fullerene is from 2:1 to
1:2 by weight, more preferably from 1.2:1 to 1:1.2 by weight, most
preferably 1:1 by weight. For the blended mixture, an optional annealing
step may be necessary to optimize blend morpohology and consequently
OPV device performance.

20

The OPV device can for example be of any type known from the literature
[see e.g. Waldauf et al., Appl. Phys. Lett. 89, 233517 (2006)].

25

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.

30

35



15is transparent, a layer (23) (also referred to as "active |ayer")
conprising a hole transporting material and an el ectron transporting

mat er i al ,wpref2zsa9vy sel ected from OSC materi al s, situaP€l/Hream®et73a he

el ectrodes (21,22); the active |ayer cagpgexi st for exanple as a bilayer or
two distinct |ayers 20or blend or mixtufé of p-type and n-type

sem conductor, formng a BHJ, an optional conducting polyner |ayer (24),
for exanple conprising a blend of PEDOT: PSS, situated between the active

| ayer (23) anth I&q]eln(? %ﬁzﬁygcw%ﬁgectrode (21) to provide an ohmc
na

contact for el ectrons, at i n1g (for exanple of TiOx) on
t he side of thenmpgnnabcaqucéuféngoqplms&{ary@aé ‘t)2§3r ernia CORWPIHd de | ayer

(fg)ento ﬁrg\r/]'t Sfér@benﬂft ‘EODHG'FPEBTSiGﬁol)f(QM Emy@edhdk?%ﬂil@pﬁa\é)dew ces of e: hgl
s i nv i pvent i s ials
gr e preferabl yp%’l(%tbffeétfsf" %W@E%?%&y%ﬁqp }éeE?tM )/ ? ene
systen®, as desiyh werk fapatien elécttdue (i) dpemnodiy ’mebWGndfuantlmpbf theal )

| t { - 39 - t
cnneal o't o B, ARERSRACIRAR VLS AP, PORGBLAENESs S0 . (1
(or gate insul ahmptidnayeoating Et)r(tas emaamle@tﬂél )ordthei sidepbthe e and an

organi c sem COW%heﬂoﬁ@?&gradeC@w%m@%é benveoryse(R)dodidlitiesdrect  odes,

wherein the organic sem conductihg’ channel conprises a 5pol ymer, pol yner
bl end, for mul aOheHC 6PNIRACY SR @IesEM onduct i ng | ayer according to the present
i nvent 1@n. Qther features of the OFET are well known to those skilled in

gate 1041 of o PO 4 dr et Ring T Biishibh i aa Bl "Rrown.
and are descroP¥didvive axdopimprisasUS 5, 892, 244, US 5, 998, 804, US 6 723 394
and g the ref fﬁpfﬁarkcmh%ﬂoh |ééir%c}éa§z'ﬁ?g]few@gam§1§ b ¥fletalP4tich 2l déia

advant ages, sci)i prope |es of the
conpounds accorét!ndr@htgh Wﬁé‘f‘-’(ﬁ‘@éﬁﬂle&ﬁ?tm Rbéfofﬁéafﬁp&:g pneiafyhieh | ar ge
15surfapps, pref gahsfaempl i cations of these FETs are such as integrated

- a layer (23) (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 (21,22);
the active layer can exist for example as a bilayer or two distinct layers
20 or blend or mixture of p-type and n-type semiconductor, forming a BHJ,
- 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,
25 - an optional coating (25) (for example of TiOy) on the side of the high
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

30 semiconductor materials are preferably selected from the materials, like
the polymer/fullerene systems, as described above. If the bilayer is a
blend an optional annealing step may be necessary to optimize device
performance.

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



circuitry,

bel ow. 35

% ruct ur.es nr@r?gn ba n rretrhodsaof an OFET
devi ce are kﬁlﬁﬁqofjﬁstw eEﬁJPI %&’@?P'Fﬁ@"ﬁ?q 45 BBS BRESTHt he
pelynterapplyenérrblelsd 2@omuGitidR6a GrganicsEnecgadectingslayet or | ayer

|iterabure,

TFT di splays and security applications. The gate, source and
drain electrodes and the insulating and sem conducting | ayer
devi ce nawyohwer2zase@nged i n any 20sequence,
drain el ectrode are separated fromthe ggte el ectrode by the insulating
| ayer, the gate el ectrode and the senibgg

I nsul ating | ayer,
contact the sem conducting | ayer.
i nvention pr
gate electro
| ayers, opt |rtsnéﬁtln9 (@r gats insalator

sem conducti n

Swt

preferably compriest @i HRsBRPINERfion. biffer fedturdd ' the OFET are well
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known to those skilled in the art.

OFETs where an OSC material is arranged as a thin film between a gate
dielectric and a drain and a source electrode, are generally known, and
are described for example in US 5,892,244, US 5,998,804, US 6,723,394
and in the references cited in the background section. Due to the
advantages, like low cost production using the solubility properties of the
compounds according to the invention and thus the processibility of large
surfaces, preferred applications of these FETs are such as integrated
circuitry, TFT displays and security applications.

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

- a drain electrode,

- a gate electrode,

- a semiconducting layer,

- one or more gate insulator layers,

- optionally a substrate.

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

The OFET device can be a top gate device or a bottom gate device.

in the OFET
provi ded t hat PCIEP@ui0eLT3@Nd

ductor | ayer both contact the
and the source el ectrode and the drain el ectrode both

25An OFET devi ce according to the present
QI ﬁ\@gh%ﬁ QY hRies &n Wﬁ@g@bﬁghg%igate Secbiredd, @A ectrode,

nor e ate ul at or
)é@‘re?rﬁ%ﬁ@ glestredRoachd ‘?%Q;é‘? Qreferably
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comercially available Cytop 809Mr) or Cytop 107Mr) (from Asahi @ ass).
Preferably the gate insulator |ayer is deposited, e.g. by spin-coating,
doct or blw@i20tp/052499e bar coating, spray or dip coating @CTOPREN/ 047NN
methods, froma fornulation conprising gg_insulator material and one or
10nore solvents with one or nore fluoro atons (fluorosolvents), preferably
a perfluorosolvent. A suitable perfluorosolvent is e.g. FC/5(r) (available
from Acros, catal ogue nunber 12380). Ot her suitable fluoropolynmers and

fl uor OSO' ven : i i i vaice are

per f 1 uor opol éﬁrr'g?é@'lggg l onreligzﬁ h{%{é]égé(g!rm%gget? g%gnram%%’r or Fl uoropel (r)
15(fr om Cyt oKnQ\)«ndp the skijedfin tp aganskaie grsciged)n the litegatufg, for 2377y |
Especial |y pgggﬁ,rpq@m ese00yend26es allectric materials having a | ow
permttivity (or dielectric contant) from1.0 to 5.0, very preferably from
1.8to 4.0 ("low k materials"), as disclosed for exanple in US 2007/ 0102696
Al or BS 7, 09heQybte indulator $@m@rpireferalplyldooairisessy fl@bepslyamesl, tkenerg. deei ces

oh DR o ket o \ ) T
Uransistors. Sprinogill $aspe CLCH ssgia 6&@%@0‘5’?&?&%@?’%5”&9??%3et o
aut hent i cat e Paeférably e gate insudatpelayenty depesiiednerd: PYSPINaPaENg.i ke
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any product wth nonetry value, |ikeé staips, tickets, shares, cheques etc..
AT ernat i vel yethResqiemra rgiuktion mmar@'agt%mw@i%ma%r@éﬁnﬂgn&s din
OLEDs, 18 0. 3gorehsdlverits watrlbs® baynaretfieioraatams #fiidratolpants), preferbbly a
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em ssi on | ayexcrbs, gatalegaklnursherdi? 38() dOtmneitabintueopatymers and _

el ectron-t raqﬁl@ﬂééogﬁ%ﬂﬁaqéghglgﬁ@hﬁﬁW fike ?d/r%ém\}g& tREPl ying an el ectric

vol t age el ect ge carriers no t owards_t he em ssion

| ayer 35wher eerfieoropplyesisi TRilanAF PR 24 (fearpiQuiienihonRWoRepRI®
| um nesgence ghnt BOtdnBOIIRE perilicrosONERT PEUI@ (AL®seNbs$2877). ayer. The

[ ti V\!S 2012?0523 9PCTFI$£’.2011[O 4730.- 41 - d terial d
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t . Furt her nor,e h oIS i: eci a
DT, 4 TV 5 P W8t ol
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20
In security applications, OFETs and other devices with semiconducting
materials according to the present invention, like transistors or diodes, can
be used for RFID tags or security markings to authenticate and prevent
counterfeiting of documents of value like banknotes, credit cards or 1D

25 cards, national ID documents, licenses or any product with monetry value,

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

30 applications, or as backlight of a flat panel display like e.g. a liquid crystal
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

35 where their recombination leads to the excitation and hence luminescence
of the lumophor units contained in the emission layer. The inventive



5and filnms according to the invention show el ectrol um nescent properties
t hensel ves or conprise el ectrolum nescent groups or conpounds. The

sel ect i onwocheymsederi zati on as well as the processi ng ofPCsmpreahloed730
nmononeric, oligonmeric and polynmneric congqunds or materials for the use in
OLEDs is generally known by a person skilled in the art, see, e.g.,
10Meer hol z, Synthetic Materials, 111-112, 2000, 31-34, Alcala, J. Appl.
Phys., 88, 2000, 7124-7128 and the literature cited therein. According to

another use. cbiibolRLSLiBterasauting hay blcmpiByEdtH 8fe SIS/ GHhy ! hose

show ng phot8 scen roper rEs}erl al s of
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conductivit e i e
Gopants and’ HATayES P aSHHE LERaRHifedcteR SR SPRabSund MR ©
fromEP 0 523empnu®5amwz:a59n@s well esﬁmamesgmr@f sitgbley process

typically i m%é L igemhertd ahd o%ﬁ@ﬁ@é&Hﬁé@ﬁdé@F ﬁfété’ﬁal%“féﬁhémw' dating
or reducing age |na dox reac |onto f@mlse ionic centres in
the material jn @h@% I%@@ﬁrﬁﬂﬁbﬁﬂ\fm %BGF&%%‘ P\AH SEfom%-he appl i ed

dopant 89 Sui tmé\éﬁhoﬁoxs &TRS MaeksriztonPri-$ €2 f20000)83r34 cAleARoIuUAppL.0 a dopi ng

\e/figg'[rl)ghte&ef y%%%{q% %gaé?ﬁ%%‘?mtsfﬁ%p%& e‘ﬂ%%é% su[)(ral ngi ng a dopant

into contact wwth the sem conductor material to be thermally diffused, and

 on-1 npl ant a%@%@%ﬂé th M otipRaNe, thd %e%?ﬁal%%’égﬁms?ﬁg?%%s [RieRtibal - 35Wen

el ectrons ar s carriers, 'surt or exanp1e hal ogens
(e.g., 12, Ckspesiadly thase shawmg mfmtownmentlpéwgmsm ay ke gmplayed, " wo

2012/ 0513\999'3% fBEHalé Qpﬁgﬁ%curéé’s,'e.g. in display devices, as described in EP 0
889 350 A1 or by C. Weder et al., Science, 279, 1998, 835-837.

A further aspect of the invention relates to both the oxidised and reduced
form of the compounds according to this invention. Either loss or gain of

20 electrons results in formation of a highly delocalised ionic form, which is of
high conductivity. This can occur on exposure to common dopants.
Suitable dopants and methods of doping are known to those skilled in the
art, e.g. from EP 0 528 662, US 5,198,153 or WO 96/216509.

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

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

35 When electrons are used as carriers, suitable dopants are for example
halogens (e.g., Iz, Clz, Bry, ICI, ICl5, IBr and IF), Lewis acids (e.g., PFs,



AsF5, SbF5, BF3, BCI3, SbCl5, BBr3 and SOB8), protonic acids, organic acids,
or amno acids (e.g., HF, HC, HNG3, H2SO4, HC 04, FSBH and ClI SG3H),
transiti omormet2zls2@@enpounds (e.g., FeC 3, FeOCl, Fe(Cl 04P81/EP2011/004730

Fe(4- CH3C61-14S03)3, TiCl 4, Zr C|4 Hf Cl49 _NbF5, NbCl 5, TaCl5, MF5, MC 5,
5WF5, WCI 6, UF6 and LnCl3 (wherein Ln is-a |lanthanoid), anions (e.g., O -,
B(, 1, 13-, HSO4-, SO42-, NO3-, Cl04-, BF4-, PF6-, AsF6-, SbF6-, Fe(CN)63-,
and anions of various sul fonic aci ds, such as aryI S03-). Wen hol es are
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conduchbi ng f Yy, M\/Cigmjﬁgcnmbhnﬂg (@ﬂ'lewele Lp‘rlssaahmtha'nmdl)t, laomr’tSa(ﬁ ®eClised as an

organic {4 on t - charge

i nj ection Ia?éré E?g b‘plé‘naﬂ@sain qjg_:’wsg% Ilcatlons films for
flat panel diFe(Chys, and arugeﬁoéua@@msul i¢ aeigsi sueh aﬁ@wlpﬁ%l MYheBnduct i ve
substrates, paidehBSucd 4¢ %QFrFerb neﬁérﬁﬁféfs(lﬁ'd@) aRR Areaddtions (84LhHAasLiZ0pr i nt ed

chrout boar deian %ﬁ“ aﬁé‘s AR oG R, KR KB 5P Al aRefiE ! 19 o
Rl; ?smngﬁnltteam rﬂéﬁﬂ'@?e Q:{E@;ﬁr,, and B O Med)FﬁptN@Xa@bEs)r@N@H er gt alt
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OLED devi CeS,Roﬁ?\%+ 8555 ﬁ%le‘;d?Bu Eaéml |333 Rl@gpgﬂgpé,ggg;gm The use of

charge trans onmpou i ng to e present~invention can increase
t he electrical conductivity of the allgnnent | ayer. \When used in an LCD,

this ing easqﬁheeé@ﬁdddtnﬁplfoﬁﬁmﬁé bwrtpbuﬁaa dfﬂﬁblp%s@ﬂlvm\@@tlbﬁ%aduﬁ dc
effects 1n the swtchab

t f
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Vhen used in a0 QLRSI QAR bk BLcn&ré81¢/ ARRAARTNHS SpARY 004730
conductive substrates, patterns or tracts in electronic applications such as
20 printed circuit boards and condensers.

The compounds and formulations according to the present invention amy

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

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

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

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

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



-43 - a light emtting material provided onto the alignnent |ayer, this

I ncreased el ectrical conductivity can enhance the el ectrol um nescence of

t he |i ghtwerhtdise@yonmat eri al . The conpounds or materi al s PEAEFRRAILOHTBO t he
present invention having mesogenic or |jguid crystalline properties can
form5oriented anisotropic filnms as described above, which are especially
useful as alignnment |layers to induce or enhance alignnent in a liquid
crystal nedium provided onto said anisotropic film The materials according

to the preseglqlXaihgindiial bRRide 6AfPhaatighiridht Pyl OinioirRré Rl ©
conpounds an 8r.c ronbphores tTor use In or as E\hOt odl nn?%?haﬁers, 10as
descri bed i nelestrimahgpodoatovity cancerhanGetheSIarRIHBINGREENER © gt s
gccprdi ng toe?{p@ngrrﬁgﬁlla@,i“lmeﬁeém 6un@§b?ﬁiei_iédid_sfczialaebfdim@tcethémgsbhe .
erivatives (for ex e wt ol ar or.ionig . si r s). OF jonically
doped forns, ! 5H“BB%%’P§&°8§”&%H&%§* crygﬁa‘yHEeof@%SﬁF%a%aer} foéhs f or

det ect Bng andridhteer amso@opicdirbblassiepoeibed aboSacwhinheareaaspediadiyrusedd f or
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VWhitten, Pr Oés%ﬁgﬁwegl\é%y&r%ﬁ?&%@éa%n%%al@grﬂéﬁi%@%‘hﬁgﬁwﬁ%&i X. Gong,
P. S. Heeger meadiumiprovisiedrentogaidtcanisairanicdiien. Ahemalesialfeaccaeisg tonat | .

Acad. Sci. Uyg es%%?nve%%on"rﬁé%af% b&e&RbHeR with pRotdtsdrfkris#bleS. Schanze
and J. R Lakow cz, Langnuir 2002, 18, .7

785;. D. T. ade, A.. E. Pullen,
T. M Swager commamndrand/opeiyomaepiiores foF use in qg,ﬁsgg'\x/)‘%%légrmﬁ@elgye@, early
i ndi cat1gs ot hargdssebedsn ULd0bB0eRN9pBural forns 250f the terns herein are
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"conprise" amicoading 4o ahother usarthetmatesiats acdpedingriddhe poesant amysindion,
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15 sensors or materials for detecting and discriminating DNA sequences.
Such uses are described for example in L. Chen, D. W. McBranch, H.
Wang, R. Helgeson, F. Wudl and D. G. Whitten, Proc. Natl. Acad. Sci.
U.S.A. 1999, 96, 12287; D. Wang, X. Gong, P. S. Heeger, F. Rininsland,
G. C. Bazan and A. J. Heeger, Proc. Natl. Acad. Sci. U.S.A. 2002, 99, 49;

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

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

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

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

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

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

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



I nvention can be made while still falling within the scope of the

I nvention. 35Each feature disclosed in this specification, unless stated

ot her wi sevorea/ise09epl aced by al ternative features serviPQl/FPRE 1564780

equi valent or simlar WD 2012/ 052099PCZ/ EP2011/ 004730 - 44 - purpose.

Thus, unless stated otherw se, each feature di scl osed is one exanple only
of a generic series of equivalent or simlar features. Al of the features
disclosed in this specification may be conbined in any 5conbi nati on, except
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limt the scope o e I nventlon 1
1. 12- Tri i soprcepkinatiens,mayheysed separately (not in combination).

10
it will be appreciated that many of the features described above,
particularly of the preferred embodiments, are inventive in their own right
and not just as part of an embodiment of the present invention.
independent protection may be sought for these features in addition to or
15 alternative to any invention presently claimed.

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

the invention.
20

Example 1

1.1 2-Triisopropylsilanyl-thiazole

25 N 0 N
o /Q} + >js,i/—o—g—CF oot g\?

30 To a solution of 2-bromo-thiazole (20.5 cm®, 230 mmol) in anhydrous
tetrahydrofuran (800 cm’) at -78 °C is added n-butyllithium (2.5 M in
hexanes, 100 cm?, 250 mmol) dropwise over 7 minutes. After addition, the
mixture is stirred for 1 hour at -78 °C. Triisopropylsilyltriflate (79.5 cm?, 300
mmol) is added dropwise and the reaction mixture stirred at -78 °C for 1

35 hour and then allowed to warm to 23 °C. The reaction mixture is poured
into water (500 cm®) and extracted with diethyl ether (3 x 250 cm®). The



30To a solution of 2-brono-thiazole (20.5 cnB, 230 mmol ) in anhydrous
tetrahydrofuran (800 cnB) at -78 Cis added n-butyllithium (2.5 Min
hexanes, WOQor2B3209250 nmol ) dropw se over 7 minutes. AfPET/ERA@iIODOB) t he
m xture is stirred for 1 hour at -78 C. gl‘lISOpI‘Opy|SI|y|tI‘If|ate (79.5
cnB, 300 mmol ) is added dropw se and th% reaction mxture stirred at -78 C
for 1 35hour and then allowed to warmto 23 C. The reaction mxture is
poured into water (500 cnB) and extracted with diet hyI et her (3 x 250 cnB).

The - 45 - Tt m hydr ogen
car bonat e so?wnpd{é%p%ﬁaﬁg&g gkﬁ%ﬁéﬁeover%k#%ous ma dJ %I| fate
filtered andcafbeonate seltionehtneandfriggdonerias Fj(ﬁélsaméﬂf‘ﬁs'HF’b%W

residue is dfﬁé feld! S H@ﬁflvéﬁﬁé‘ﬁﬁb\(e%om@fac@ofto@lﬁ%é diafk Broven 3il. The
5triisopropylsilanyl -th as a alq yé b% @30 n 559 . 1H NWR (300
MHz, CDC13) fesigue is dist "k %@“( 0 Yr‘? 7.55 (1H, d,
ArH, J53. 0). trﬁsdﬂrobﬂtlsi;ladyl—thrdzlole]aéiaQ)aIe yellow oil (30 g, 55%). H NMR (300

1.25-1 odo- 2- 1 ni} SOBEORMI 3 L 3my (14l 3A0LRI,1G 49 - Bd P Inh, &R, 7.5531H,

d, ArH, J 3.0), 8.17 (1H, d, ArH, J 3.0).

1.2 5-lodo-2-triisopropylsilanyl-thiazole

10 \(/ o \(
e W Saa

To a solution of 2-triisopropylsilanyl-thiazole (55 g, 230 mmol) in
anhydrous tetrahydrofuran (1000 cm3) at -78 °C is added n-butyllithium
(2.5 M in hexanes, 109 cm3, 270 mmol) dropwise. After addition, the
mixture is stirred for 2 hours at -78 °C. 1,2-Diiodoethane (77 g, 270 mmol)
is added in one go and the reaction mixture stirred at -78 °C for 1 hour
and then allowed to warm to 23 °C over 17 hours. The reaction mixture is
diluted with ethyl acetate (500 cm3) and washed with aqueous sodium
hydrogen carbonate solution, brine and dried over anhydrous magnesium
sulfate, filtered and the solvent removed in vacuo to give a dark brown oil.
The residue is purified by column chromatography (40-60 petrol to 1:1 40-
60 petrol:dichloromethane) to give 5-iodo-2-triisopropylsilanyl-thiazole as a
very pale yellow solid (65 g, 78%). 'H NMR (300 MHz, CDCl5) 1.10 - 1.16
(18H, m, CH3), 1.34 - 1.48 (3H, m, CH), 8.10 (1H, s).

15
20
25

30 1.3 2.2'-Bis-triisopropylsilanyl-[5,5']bithiazolyl
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To a solution of 2-triisopropylsilanyl-thiazole (55 g, 230 mol) in
anhydrous tetrahydrofuran (1000 cnB) at -78 Cis added n-butyllithium (2.5
M in hexawmexp12183%9%n8, 270 mmol ) dropw se. After additi ecT/EPh@10d&Bure i s
stirred for 2 hours at -78 C. 1, 2- D||od §thane (77 g, 270 mmol ) 20i s added
in one go and the reaction mxture stirred at -78 C for 1 hour and then
allowed to warmto 23 C over 17 hours. The reaction mxture is diluted with
et hyl acetate (500 cnB) and washed wi th aqueous sodi um hydrogen carbonate
solution, brine and dried over anhydrous magnesi umsul fate, filtered and
the sol vent renmoved in vacuo to give a dark brown oil. 25 The resl due is
purified by dolaseluinpeidegeadtiiseriorsisiarytbiazele (p019.436 ggnol) in
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cnB, 163 molsfirédaiwy 8 8Cdwer BwurEnsuthes. allnrme@lrtosfa@rm ta 38 °Croverist ure i s
stirred for %gu?é”'ﬁ"léa}eaczlgngmxﬁﬂﬁﬁgr%H?ecfmﬁfquébué h9@r|déhldil% é@@(f)w 163

ol ) is added 1n ope he reaction xture stir
R with

hour  and therﬂoé)pl%mécﬁﬂcbthﬁaﬁ’rﬂ\af‘éfsﬁd@ ?t'ﬂﬂ&@tatﬁ’kg &%@Qﬁﬂbh i xture
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extracted wi e acet at e e .conbin r extracts
washed with BNYECHTEONET"Y 5‘5/8&%%8'6‘?%% rﬁé AT q&ﬁpﬁg@g '9% @red and
the sol vent nergiuedn ioily vesidue twehigh ieetridurated with eshand tosoromai s tr| tur ated
with ethanol gggggﬂg.%amass%gagé 8Biectid b?/‘ﬁlt'rﬁldé?ﬁt‘li’}jhéﬁﬁmg gm 'tgt i on and

dried under mito SO rop}/ si [ any | azol yl as

a pale yell oms@rz;%bqsrm@p@emdenyliﬁNWI@?,QW asa patdyetigw 08 (15 920 ( 36H,

m CH3)451. 44 é ). 38 w«m (300 Mz, GhER) 4211 - 15)20é36H m, CHa), 1.48 - 1.58

1.44,4'-Dii od(c6)H = CHI) 58 &6 (bﬁogropvl Sl anv115, 511bi t hi azol vl 25

1.4 4 4'-Diiodo-2,2'-bis-triisopropyisilanyl-[5,5"bithiazolyl

i ’< J\WJ\ >\ DB J\/wJ\ >\
T R SR

To n-butyllithium (2.5 M in hexanes, 25.0 cm®, 62 mmol) at -40 °C is
added a solution of 2,2'-bis-triisopropylsilanyl-[5,5']bithiazolyl (10 g, 21
mmol) in anhydrous tetrahydrofuran (800 cm®). After addition, the reaction
mixture is stirred at -40 °C for 30 minutes. Lithium diisopropylamide (2.0 M
30 in tetrahydrofuran/heptanes/ethylbenzene, 62.4 cm®, 125 mmol) is added
dropwise and then the reaction mixture is stirred at -40 °C for 1 hour. To
the reaction mixture is then added dropwise a solution of diiodoethane
(35.2 g, 125 mmol) in anhydrous tetrahydrofuran (200 cm®). After addition,
the mixture is stirred for 1 hour at -40 °C and then allowed to warm to 23
35 °C over 17 hours. The reaction mixture is poured into water (300 cm3) and
the mixture concentrated in vacuo. The organics are extracted with ethyl

25



To n-butyllithium (2.5 Min hexanes, 25.0 cnB, 62 nmol) at -40 Cis added a
solution of 2,2'-bis-triisopropylsilanyl145, 51bithiazolyl(10 g, 21 mml) in
anhydr ouswoebrzaisyep of uran (800 cnB). After addition, theCrTERealiLom7ad Xt ure
is stirred at -40 C for 30 m nutes. Ligg'z_m di i sopropylam de (2.0 M 30in

t et r ahydr of ur an/ hept anes/ et hyl benzene, .4 cnB, 125 mmol) is added

dropwi se and then the reaction mxture is stirred at -40 C for 1 hour. To
the reaction mxture is then added dropwi se a sol ution of diiodoethane
(35.2 g, 125 ' ﬂw p f i ddi tion,
the m xture ngg‘% r‘f?g obflﬂ.lpﬁ@%trtﬁéa{:&%g{éca %?ﬁtﬁé%@g.@@\xg\d&é&@dm%fm to 23
35C over 17 Bodium suipbateuinepandidredqrer anpydrovg magresivhaulied®o cns) and
the nixture GREERNARAIRIsbNerBRINovddf @R Toafivaabrewhraliytresiduet het hy

WO 2012/ 052099PCT/ EP2 lﬁ%/OOMIBO - 47 - taceqﬁ}te ﬁ%—é 5t00I crg% @n t he

conbi ned ext CHI&ISRHIES BY CAlUT, el gdiaRy (P HLPErolP; nd- dried over
anhydr Gus mageesi:dichiorbheteand) totgive d, £nddodd, 2 dis-disoprpylsienyln vacuo to
gi ve a brown Qicl,y..L-esi T ' finf i eghopy 1 ogr aphy
(40-60 pet rol5JbuigyRlEs agile VEHOR,sof 0219 RROsRY "FNRISIY A

4, 4' - di i odo- LRCkpNsH 1 1i29036bbyn.sCHahy138 | .55 (@i*‘tf’iﬂa@ﬁgyl as a pale yellow
solid (6.12 g, 40% . 1H NWR (300 MHz, CDCI3) 1.11 - 1.21 (36H, m CH3),

L9015 (PR m, G P QPR BRRRSLL8 43 of 11 sthiazol 10

10
N/\Ig_}/\N C;Hys CrHis
i) Pd(OAc), / base
——< _Jl\s SJ\S>\ + CH;—/—~—-CH, — ————> N/Q\N
Si ! i) TBAF l J
RS >
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A mixture of 4,4'-diiodo-2,2'-bis-triisopropylsilanyl-[5,5']bithiazolyl (1.0 g,
1.4 mmol), palladium (1) acetate (31 mg, 0.14 mmol), anhydrous N,N-
dimethylformamide (6 cm®), hexadec-8-yne (911 mg, 4.1 mmol) and N,N-
dicyclohexylmethylamine (0.88 cm’, 4.1 mmol) is degassed for 10

20 minutes. The mixture is then heated at 200 °C in a microwave reactor
(Initiator, Biotage AB) for 60 minutes. The mixture is allowed to cool and
poured into aqueous hydrochloric acid (2 M, 50 cm®) and the organics
extracted with dichloromethane (2 x 50 cm3). The combined extracts dried
over anhydrous magnesium sulfate, filtered and the solvent removed in

25 vacuo. The crude is purified by column chromatography (40-60 petrol to
dichloromethane). The purified material is deprotected by stirring with
tetrabutylammonium fluoride trihydrate (1.5 g, 4.8 mmol) and
tetrahydrofuran (40 cm3) at 70 °C for 1 hour. The mixture is allowed to
cool, water (50 cm3) added and the organics extracted with

30 dichloromethane (2 x 100 cm3). The combined extracts dried over
anhydrous magnesium sulfate, filtered and the solvent removed in vacuo.
The crude is purified by column chromatography (40-60 petrol to
dichloromethane) to give 4,5-diheptyl-benzo[1,2-d;4,3-d"lbisthiazole as a
pale yellow solid (185 mg, 35%). 'H NMR (300 MHz, CDCl3) 0.84 - 0.93

35 (6H, m, CH3), 1.24 - 1.44 (12H, m, CHy), 1.45 - 1.57 (4H, m, CH_), 1.65 -
1.80 (4H, m, CHp), 3.25 - 3.35 (4H, m, CHy), 9.00 (2H, s, ArH); *C NMR



15 A m xture of

4,4 -diiodo-2,2 -bis-triisopropylsilanyl145, 5l bithiazolyl(1.0 g, 1.4 nmmol),
pal | adi urivpizpy2/&e®pate (31 ny, 0.14 mmol ), anhydrous N, RATFEPRONIH4BrAM de
(6 cnB), hexadec-8-yne (911 ng, 4.1 mpkg and N, N- di cycl ohexyl net hyl am ne
(0.88 cnB, 4.1 mmol ) is degassed for 10 20m nutes. The m xture is then
heated at 200 Cin a mcrowave reactor (lInitiator, Biotage AB) for 60

m nutes. The mixture is allowed to cool and poured into aqueous

hydrochl oric ' [ t t i

di chl or orret hgﬁ@ Qlf(zi Cg%cggé)g@%zgﬂgzogn‘gle%%zgggtzrcggfes( %I??'egﬂdye? 3]‘é{glhydr ous
magnesi um sult®42e 19fi8.t ered and the sol vent renoved in 25vacuo. The crude
is purified by colum chromat ography (40-60 petrol to dichloronethane). The
purified material ig deprotected by stirring with tetrabutyl ammoni um
fluoride tri (1.5 g, 4.8 mol) and tetrahydrofuran (40 cnB) at 70 C
for 1 Bour. The mxture is allowed to cool, water (50 cnB) added and the

or gani cs ext a‘ct ed Wi Hh rrq%&)ﬁ@c% BiE NARSI- 448, cn8). The conbi ned
extracts dri2d—ﬁveﬁm%%£§n*Uus—ﬂagﬂeséunrguﬁégé%T—ggItered and t he sol vent
removed in vacuo. The crude is purified by colum chromatography (40-60
petrol to dichloronmethane) to give 4\5-di heptyl -benzo[ 1, 2-d;

4, 3-d] bi sthiazole as a pale ;(glwl\izwso (185 ng, 35% . 1H NMR (300 MHz,
)

CDCI 3) 0.84 - 0.93 35(6H, m 1. 24-144 (12H, m CH2), 1.45- 1.57
(4H, m10QCH2) Hal. 65 - 1.80 (4H, m\_ghk), 3.25—-03.35 (4Hh m CH2), 9.00 (2H,
s, ArH); 13C N A 12/ 052099PCT/ EP2011/ 004 =4 (300 MHz, CDCl 3)
14.2, 22.7, 29?33, 29.7,0180. 2, 13dof, 31.9, 124.§, 134.1,5181.2, 151.8.
Exanple 2 2. 1But-2-vnedioic acid bis-(2-ethvl-hexvl) este

15
A mixture of acetylenedicarboxylic acid (25.0 g, 219 mmol), ethythexanol

(103 cm®, 660 mmol), anhydrous toluene (100 cm3) and sulfuric acid (10
cm?®) is heated at reflux under Dean-Stark conditions for 17 hours. The
mixture is allowed to cool, brine (200 cm®) added and the product

20 extracted with ether (2 x 250 cm?). 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
yellow oil (31.9 g, 36%). 'H NMR (300 MHz, CDCls) 0.85 - 0.95 (12H, m,

25 CHjs), 1.23 - 1.41 (16H, m, CHy), 1.57 - 1.70 (2H, m, CH), 4.11 - 4.21 (4H,
m, OCH,); *C NMR (300 MHz, CDCls) 10.9, 14.0, 22.9, 23.5, 28.8, 30.1,
38.6,69.2, 74.7, 152.1.

2.2 Benzo[1,2-d:4.3-d']bisthiazole-4,5-dicarboxylic acid bis-(2-ethyl-
30 hexyl) ester

35



15 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 eawet20r2afskasr under Dean- Stark conditions for 17 ROWMEP201TIe4739 Xt ur e
is allowed to cool, brine (200 cnB8) add @ and the product 20 extracted with
ether (2 x 250 cnB). The conbined organi'¢ extracts dried over anhydr ous
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 yellowsil (31.9 g,
36%. 1H NMR (300 MHz, CDC13) 0.85 - 0.95 (12H, m 25 : - 1.41
(16H, m CH2), 1.57 - 1. 70 (2H, m CH), 4.11 -4.21 (4H, OCH2); 13C NWR

(300 MHz, CDCI3) 10. 1 .0, 22.9, 23.5, 28.8 30.1, 76, 69.2, 74.7,
152.1. 2.2Benzolj, < -9 biyst hi azol e- 4, 5- di ic acid bis-(2-ethyl-

30hexyl) este -}Q AP c)2 / base-®i) TBAFOL0
J N ey
\(>—‘

i) Pd(OAc), / base
ii) TBAF

Y
10
00
0 0

DYE
-
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A mixture of 4,4'-diiodo-2,2'-bis-triisopropylsilanyl-[5,5']bithiazolyl (250 mg,
0.34 mmol), palladium (I1) acetate (8 mg, 0.03 mmol), anhydrous N,N-
dimethylformamide (1.5 cm3), but-2-ynedioic acid bis-(2-ethyl-hexyl) ester
(346 mg, 1.0 mmol) and N,N-dicyclohexylmethylamine (0.22 cm®, 1.0
mmol) is degassed for 10 minutes. The mixture is then heated at 200 °C
in a microwave reactor for 60 minutes. To the mixture is added
tetrabutylammonium fluoride trihydrate (0.3 g, 0.95 mmol) and the reaction
mixture heated at 70 °C for 1 hour. The mixture is allowed to cool, water
(30 cm®) added and the organics extracted with dichloromethane (2 x 50
cm?®). The combined extracts dried over anhydrous magnesium sulfate,
filtered and the solvent removed in vacuo. The crude is purified by column
chromatography (40-60 petrol to dichloromethane) to give benzo[1,2-
d:4,3-d'bisthiazole-4,5-dicarboxylic acid bis-(2-ethyl-hexyl) ester as a pale
yellow solid (18 mg, 9%). '"H NMR (300 MHz, CDCl5) 0.78 - 1.89 (30H, m,
CH, CH, and CHs), 4.31 - 4.44 (4H, m, OCH,), 9.17 (2H, s, ArH).

20

25

30

Example 3

3.1 2.7-Dibromo-4,5-diheptyl-benzo[1,2-d:4 3-d']bisthiazole

35



15 A m xture of

4,4 -diiodo-2,2" -bis-triisopropylsilanyl45,51bithiazolyl(250 ng, 0.34
nmol ), pavDadixnseqbl) acetate (8 ngy, 0.03 nmmol ), anhydr @GI/EP2011/004730

N, Ndi et hyl formam de (1.5 cnB), but-2-y§ﬁQioic acid bis-(2-ethyl-hexyl)
ester (346 ng, 1.0 mmol) and N, N-di cycl ohexyl nmet hyl ami ne (0.22 cn8, 1.0 20
nmml ) is degassed for 10 mnutes. The m xture is then heated at 200 Cin a
m crowave reactor for 60 mnutes. To the mxture is added

tetrabutyl a Hlume¢§qlde trihydrate (QH;g, 0C98,;”mol) and the reaction
m xture heated &\ 70 ® 1 hour. The m xtubes allowed to cool, water

(30 cnB) added ant—tke organllo\,BUlab(tract ed vmchl oronet hane (2 x 50 25
3 ver iml %

cnB). The co X ieﬁ nesi um sul f at e,
filtered and yhe s \ rerm\} [n vac The u is purified by colum
chr omat ogr aph

- rol to dichl Brorretf’nane) %0 giBre benzo[ 1, 2- d;
4, 3-d] Bi st hi azol'e-4, 5-di carboxylic acid bis-(2-ethyl-hexyl) ester as a pale
yellow solid (18 ng, 9% . 1H NWR (300 MHz, CDCI3) 0.78- 1.89 (30H m 30

CH CH2 and %sgﬁhgéﬁ of 447,-%4[?4@ 1énzzogw2a4ae iﬁst@w?é‘iolé(%“ﬁ@ 0 fxample 3

3.12,7-Di br ono- é hi azol e To a
sol ution of mmoamn@phyﬂtqs@ri,%ﬁmy Lo(flu@n35cﬂ’5|)ﬁth7 z@l'%aéggdrﬁjé"p‘ﬁ's% nol )

' nba{‘h%’f'r ous rﬁ@&qmwﬁﬂﬁp@w anir( ﬁe%ﬁ@so gﬁe n%:&%o 28 rﬂdid)@dA&é]??wﬁlen tr][e .
n-butyl 'ithium i n C er i on, e
i etnod SERESC o1 RifEs o PRt rabbhSe 2 [ Shy L
0.31 mTDI) |$n dsigd rmobris agided Thenei gd. (e Mixtareein teen stleeldant -7§8CC for 10

m nutes. angb e é@ﬂkﬂegnﬂ‘ﬁ]% Egﬁ?i%ﬂﬁtth@?eg&ﬁi}n“ﬁw&téﬁ rred at 23

C for 30 mn Pl a@?anlcs extracted with
di chl or onret hatieregi2at2 B 0 Wmméteéo\ﬁiﬁtﬂfe@oegmr) dedyane thepQeganigthydr ous

magnesi um Su'é)ﬁ?rta%%ed; hlktﬁ?ﬁ&ﬂo@ﬂﬁethaﬁe;?ﬂﬁﬂ&mpﬁW‘Pl\é%bmﬁln\éa(é*?rac@@né‘d ude is

fied b t trol to d t
Fol | owepk by sMeEABYRIaUSAABRT I I enBEEA EneiDe SoBRR Faove |

2, |7 gi ?r oNno- 4,281 raeterlidé enpaifiedbyl célurdtiromidtogzphy (46- 6301petfr¢bl-tmh| te

solid (42 609 . 1H N 1. 22-
1.51 (16H, " dighio °m§“‘@é‘wﬁi‘§'éﬂ %Wbrﬁ%?@i%nq?ﬁéf Chq%%g'éég;ﬂlenﬁm CH2): 13C
NVR (300 MHz,meb@End) tddive,2,2alitonke4 5- dmepal beazo[1,30,4 3-Elbighiazok. 1,

134.2, 135.4,,d20 ok white solid (42 mg, 60%). *H NMR (300 MHz, CDCl) 0.83 - 0.94

(6H, m, CHa), 1.22 - 1.51 (16H, m, CHz), 1.59 - 1.73 (4H, m, CHy), 3.12 -

20
3.22 (4H, m, CHy); "*C NMR (300 MHz, CDCly) 14.2, 22.7, 29.2, 29.3,
29.9, 31.3, 31.9, 126.1, 134.2, 135.4, 150.7.
3.2 Poly{4.7-5,6-bis-octyloxy-benzo[1,2 5]thiadiazole}-co-{2,5-thienyl}-
25 co-{2.7-4 5-diheptyl-benzo[1,2-d:4,3-d'|bisthiazole}
30

35



3. 2Pol v{4, 7- 5, 6- bi s- oct vl oxv-benzol 12, 51t hi adi azol e}-co-{2, 5-t hi envl}-
co-{2,7-4,5-di heptvl -benzo(1, 2-d; 4, 3-cil bisthiazole} A m xture of

2, 7- di br owo-241295ek99ept y| - benzo[ 1, 2-d; 4, 3-ci | bi st hi azol ePC¥EP2011504y30 0. 167
nmol ), 2,5-bis-trinethylstannanyl-thiqgg ne (137.1 ng, 0.335 mmol),

4, 7-di brono- 5, 6- bi s-octyl oxy-benzo[ 1, 2, fthiadiazole (92.1 ng, 0.167 mmol),
tris(di benzyl -i deneacetone)di pall adium0) (6.1 ng, 0.07 nmol),
tri(o-tolyl)phosphine (8.1 ng, 0.03 mmol ) and chl orobenzene (4.5 cnB) is
degassed for 10 minutes. The mixture is then heated at 1%$Q C in 20a

m crowave react@th4 I ni Grltsor, Biotage AB) for 30 ninuté he mixture is

all owed to cool and=pdured into stiryi nmet hanol (100 and the
precipitate stigred D - _ ,mgais.tra 0! | pe Bd by
filtration, was ed Yu Pt hanol (3100 cnB) to give a bl ack/ sol i d. The crude

polyner is edg xhidgl extraction with acet g, 40-60
petrol 5and 25chl orof orm The chl orof orjm extract is ptétipitat®ed into

stirred nethanol (400 ). The polynmer g Gtersls filtration and dried
under vacuumto give 87@:5 C,His Rlda 9 PRélidhY

pol y{4, 7-5, 6- bi s-octyl oxy o[ 1, 2, 5]% hi adi azol e}-co-{2, 5-thienyl }-co{2, 7-

4, 5-di heptyl -benzo[ 1, 2Nd; 7, ,\pi st hi azol e, as a black solid (80 ng, 51%.
GPC (trichl orobenzen [ 140" = 3,700 Y{rmpN, Mv = 5,900 30g/nol, pd =
1.60. - 52 - Patent'lC & ns 1g q S nore identical or

A mixture of 2,7-dibromo-4,5-diheptyl-benzo[1,2-d;4,3-d'|bisthiazole (91.4
15 mg, 0.167 mmol), 2,5-bis-trimethylstannanyl-thiophene (137.1 mg, 0.335
mmol), 4,7-dibromo-5,6-bis-octyloxy-benzo[1,2,5]thiadiazole (92.1 mg,
0.167 mmol), tris(dibenzyl-ideneacetone)dipalladium(0) (6.1 mg, 0.07
mmol), tri(o-tolyl)phosphine (8.1 mg, 0.03 mmol) and chlorobenzene (4.5
cm?®) is degassed for 10 minutes. The mixture is then heated at 170 °C in
20 a microwave reactor (Initiator, Biotage AB) for 30 minutes. The mixture is
allowed to cool and poured into stirring methanol (100 cm®) and the
precipitate stirred for 30 minutes. The solid is then collected by filtration,
washed with methanol (100 cm®) to give a black solid. The crude polymer
is washed via Soxhlet extraction with acetone, methanol, 40-60 petrol and
25 chloroform. The chloroform extract is precipitated into stirred methanol
(400 cm?®). The polymer collected by filtration and dried under vacuum to
give poly{4,7-5,6-bis-octyloxy-benzo[1,2,5]thiadiazole}-co-{2,5-thienyl}-co-
{2,7-4,5-diheptyl-benzo[1,2-d,4,3-d'|bisthiazole} as a black solid (80 mg,
51%). GPC (trichlorobenzene, 140 °C) M, = 3,700 g/mol, My, = 5,900
30 g/mol, pd = 1.60.
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wherein an asterisk indicates a link to a nei ghboured group,

are, each independently of one another, H, halogen, or an optionally
substi t utwo 20evasg0990r hydr ocar byl group. 152. Pol yner ace®omrdiPegiiioed7éé ai m 1,

wherein R1 and

R2 in formula | are sel_g% ed fromH, straight-chain,
branched or cyclic alkyl with 1 to 35

ttons, in which one or nore

and R1 and R2

non-adj acent C atons are optionally replaced by -0-, -S-, -C(0)-, -C(0)-0-,
-0-C(0)-0-, - 20CR=CR- or -CC and in which one or nore H atons

-0-0) -,

are optionally replaced by F, d,

aryl oxy,

non-aromatic gro
differently F,
-C(0) R - NH2,

@Iaﬂ\g or denote aryl, heteroaryl,

het er oaryl oxy, aryl car bon&fa,tehét eroaryl carbonyl, aryl carbonyl oxy,
het er oaryl car bonyl oxy, aryl oxycarbonyl or heteroaryl oxycarbonyl having 4 to
30 ring atoms. t hRolynserncmabssingutrerlo?tor e derticat on diffelgntoapeatingroniés

' | each occurrence identically or
Bgfpﬁﬁﬁﬁnggﬁﬁﬁ&ﬁﬂwg-'ma “OCN, -SCN, -C(0)NRR - C(0) X,
-NRR, -SH, -SR, -S03H, - 30 SR, -OH, -N®2, -C F3, -SF5,

optional ly substitutedgsilyl R*arbyl or hydrocarbyl with 1 to 40 C atons
that is optionally subst\tuted and optionally conprises one or nore hetero

atons, or

substituted C1-40 c
crossl i nkabl e group, ||
hal ogen. 3.Po|ynen

I 1 10

15

20

25

30

35

P- Sp-,

wherein an asterisk indicates a link to a neighboured group, and R’
and R? are, each independently of one another, H, halogen, or an
optionally substituted carbyl or hydrocarbyl group.

Polymer according to claim 1, wherein R' and R? in formula | are
selected from H, 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)-0O-, -O-C(0)-, -O-C(0)-O-, -
CR%=CR®- or -C=C- and in which one or more H atoms are
optionally replaced by F, Cl, Br, | or CN, or denote aryl, heteroaryl,
aryloxy, heteroaryloxy, arylcarbonyl, heteroarylcarbonyl,
arylcarbonyloxy, heteroarylcarbonyloxy, aryloxycarbonyl or
heteroaryloxycarbonyl having 4 to 30 ring atoms that is unsubstituted
or substituted by one or more non-aromatic groups R3, wherein

R® is on each occurrence identically or differently F, Br, ClI,
-CN, -NC, -NCO, -NCS, -OCN, -SCN, -C(O)NR°R®, -
C(0)X°, -C(O)R?, -NH,, -NR°R® -SH, -SR®, -SO3H, -
SO,R’, -OH, -NO3, -CF3, -SFs, optionally substituted
silyl, carbyl or hydrocarbyl with 1 to 40 C atoms that is
optionally substituted and optionally comprises one or
more hetero atoms, or P-Sp-,

R°and R® are independently of each other H or optionally
substituted C4.4¢ carbyl or hydrocarbyl,

35R andg I ndependently of each other H or optionally
aK|k Nocarbyl, - 53 - Pis & polynerisable or
Spi $—a(spafier group or a single bond, and 5Xis
Q" di 9im1 or 2, which is selected of fornula



-[(Arl-U-Ar2)x-(Ar3)b-11 10 wherein U's on each occurrence identically or
differently a noiety of fornula | as defined in claim1, 15 Arl, Ar2, Ar3
are, on eoRrorasupence identically or differently, andPCht@Pp@nge+sdy of
each other, aryl or heteroaryl that is_ gp’t_i onal ly substituted, preferably
by one or nore groups R3 as defined in claim 2, and one or both of Arl and
Ar2 20may al so denote a single bond, Y1 and Y2are i ndependently of each
other H F, O or CN, xis on each occurrence identically or differently O,
1 or 2, 25whereig in at le BRaAL | ki | it at | east one unit
-[ (Arl-U Ar 2)x-(Er 3)"]-, x%lsé pl,l |és on gggf\dggg@aart?l%%é%u@dentical ly or
differently O, 1 or 2, 30nis an integer > 1. 4. Polynmer according to one or

nmore of clains 1 3, Whi @haispatel §aupdorad singlebbad | drid
35R44(Ar|-U—Ar-2)St>E?(Ar3)y]n-aR53PIaa $54 - S

5 x° is halogen.

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

(A U-AP)(AP), ] I

10
wherein
U is on each occurrence identically or differently a moiety
of formula | as defined in claim 1,
15
Ar', AP, Ar® are, on each occurrence identically or differently, and
independently of each other, aryl or heteroaryl that is
optionally substituted, preferably by one or more groups
R® as defined in claim 2, and one or both of Ar' and Ar?
20 may also denote a single bond,
Y'and Y2  are independently of each other H, F, Cl or CN,
X is on each occurrence identically or differently 0, 1 or 2,
25 wherein in at least one repeating unit, i.e. in at least
one unit -[(Ar1-U—Ar2)X-(Ar3)y]-, xis 1,
y is on each occurrence identically or differently 0, 1 or 2,
30 n is an integer > 1.

4. Polymer according to one or more of claims 1 to 3, which is selected
of formula lla

35 R-[(Ar'-U-Ar),-(Ar),],-R® lla



wherein U, Arl-3, n, x and y have the neanings of claim3, and 10 R4 and R5
have i ndependently of each other one of the neanings of R3 in claim2, or
denot e - GMAGD12/058H0, -CH=CH2, - SIR R'R', -SiXIX'R , - SPRTERPX11/00453R1LR" Rm
-BRR', - BBOR)(CR"), -B(OH)2, 0-S02-Rgy -ZnX, -CCH, -C=CSIR R'R" or
P-Sp-, wherein P and Sp are as defined above, and R, R' and R' have

i ndependently of each other one of the neanings of R as defined in claim 2,
and two of R, R' and R' nay also forma ring together with the hetero atom

to which they ar g aibaches, aRtXnanadk il MeBRIRASSE AIATS, and. Pol yrrer

llt
according to claim 174, wherein and Ar2 are€ 15i ndependently of each
ot her selected fromthe group consisting of, thiophene-2,5-diyl,

t E' azol[ g‘ g EBT K!R" ﬁﬂ:{ Rﬁgp@%ﬂé-irﬁd&adﬁidéntlfdi?@g?&tﬁer ﬁﬁe'bf t2he me_anlings

t hl eno| 3, 2- t hl ophene- 2, 5-4djazyl , , L.hl.eno - I < 7.C ,

sel enopheno[ 3, 2- b] sel enoph@ﬁgi-séf‘§1%M,°rscg€fr?ﬁ%ﬁ¢%gﬁ§[32',egﬁ)’ CHAEHN,, -

b] sel eophene- 2, 5-diyl, selSREPREHeEXKR"R] tJiRFPKerSNR'B R y-BR'Rhd 20

sel enophenol 2, 3- b] t hi ophen (ﬁ)@@#ﬁ -B?bIH of 5 \dth C -ngxur_lég@ﬂ i_pUped, or
% Phle 'm2,

nono- or polysubstituted wit'h RS as de i N cf ai'm and orie of Arl and
Ar2 may al so denote a si ngl¥RIRVI oP-Swi whereindt apdiSiyaieas debiied or nore

of claims 3 to 5, wherein ApdveSandROIRCARH RICKENE RilePehdently 6R&40N OF
differently, selected fromthe grouP consi sting g:%o 1, é héedt Iﬁne,
t hi ophene-2, 5-diyl, sel enoRecone gt thg peanings&f 3?52-6@? éb a2 5-divyl,
t hi eno[f) 3- b] t hi ophene- 2, 5-ghdytwo stRe RIEreRf’ Snayr Alsodban epiiven togethedi yi |
sel enopheno[ 2, 3- b] sel enopheng- - di . '
sel enophenol 3, 2- b] t hi ophené’y'g’, é*{egrp%fa}@ §Eqn%|t\%whf&51 they are attached, and X
pheno[ 2, 3- b] t hi ophene- 2, 5- dind X" benhalpgea-atoms5- bl di - t hi ophene-2, 6- diyl,
2, 2-di thi ophene, 2,2-disel enophene, dithieno[3,2-b:2", 3" -cfisilole5, 5-diyl,
R e
ggnﬁO[ 11'? ﬁ : ?115:1 S‘iﬁgéﬁéﬁ’derﬁly ofi e dtaép{saeatela:?ﬁ:’%malhelygbm @@igﬁﬂﬁ% t2>f,_7- diyl,
phenant hr o[ 1, , 8- C, , f...0],carhazol e- 2, 7-di enzol.2, 1, a-
di azol e- 4, 7-di yl ,thg?é’%f&ﬁdz’,»%:Jaw's{eﬂ'@Pﬁ‘a'?aé'gryi-%'%%‘?'@ﬁﬁe'géﬁé%{’ %l,“' ! 3?’55(& -
;Sﬁ - dl[ gzzl g] 4, 7-diyly|thie2id{312ftz]titimplm_nd-2,-54c_ii7kdlmgago[z,3-b]th|ophene-2,5-d|yl,
i eno[ 3, 4- b] pyr azi,ne- - [ iNe-H,18: )
t hi enof 3. 4- b] t hi o%‘?l%’ﬁ%‘-%ﬁh"-[%?%]??@ﬁf’gﬁ%ﬁé 25 d@i't%‘?%%é%hnee@é?’i diyl,
3, 6- di - t hi en- 2- y| blsglenopbgse-2, 2 iy r selerophenald drizthiephene-2,5-diyl, and
[ 1, 3]t hbgzol o] 5, 45 D &z b8 _di i i
%1911 3lth aﬁé@%;fhé&ﬁd&%ﬁ%ﬂ%ﬁhéﬁ&'zyﬂ diyl, all of which are unsubstituted,

t hi eno[ » . . .
2-thia-1, 3,5, 8-t c®FHEPA- eyeP'MB%%tBPT@FﬁMHhBﬁaSé#@-"@FQDd?'%ﬂ“, 2, and one of

t hi eno[ 3, 4- c] pyr r at'earf Ardhayeisb derbtela single bond.
benzo[ I m] [ 3, 8] phenant hrol i ne-1, 3, 6, 8-tetraone-4,9-diyl, all of which are
unsubstituted, or nono- or polysubstituted, preferably with Rl, R2 or R3 as
defined in cl 8“ m E’o@/rr%jerzaccgipding to to one or more of claims 3 to 5, wherein Ar is,
25 on each occurrence identically or differently, selected from the group
consisting of 1,4-phenylene, thiophene-2,5-diyl, selenophene-2,5-
diyl, thieno[3,2-b]thiophene-2,5-diyl, thieno[2,3-b]jthiophene-2,5-diyl,
selenopheno[3,2-b]selenophene-2,5-diyl, selenopheno[2,3-b]seleno-
phene-2,5-diyl, selenopheno[3,2-b]thiophene-2,5-diyl, seleno-
pheno[2,3-b]thiophene-2,5-diyl, benzo[1,2-b:4,5-b'[di-thiophene-2,6-
diyl, 2,2-dithiophene, 2,2-diselenophene, dithieno[3,2-b:2’,3'-d]silole-
5,5-diyl, 4H-cyclopenta[2,1-b:3,4-b’ldithiophene-2,6-diyl, carbazole-
2,7-diyl, fluorene-2,7-diyl, indaceno[1,2-b:5,6-b']di-thiophene-2,7-diy|,
benzo[1",2":4,5;4",5":4' 5" bis(silolo[3,2-b:3',2'-b'[thiophene)-2,7-diyl,
phenanthro[1,10,9,8-c,d,e,f,glcarbazole-2,7-diyl, benzo[2,1,3]thia-
diazole-4,7-diyl, benzo[2,1,3]selenadiazole-4,7-diyl, benzof2,1,3]oxa-

30
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7. Pol ymer according to one or nore of clains 1 to 6, wherein RL and/or R2
are selected fromthe follow ng groups: a) the group consisting of primary
al kyl or wbDkowrysah 1 to 30 C atons, secondary al kyl oPCRIEPeXH/OMTBO 3 toO
30 C atons, and tertiary al kyl or al kox%SWith 4 to 30 C atons, wherein in
all these groups one or nore H atons are“optionally replaced by F, b) the
group consisting of -C(0)-R6, -C(0)-0-R6, -0-C(0)-R6, wherein R6 is

strai ght-chain, branched or cyclic alkyl with 1 to 30 C atons, in which one

or nore non-adjagent, C J L.apall y-reol Vi i rearineo £- C(0) -,
-C(0)-0-, -0-C(O '??ol%éégwﬁ'ss%@?agrlz c@@ ﬁg%@o[?rﬁ W&%Z'gﬁez’%r nore H
atons are opt i ondiyl, guirspiadinedd, Bydif, thienolBr4-bjthiephene-4,6-diy) thigro[grdoup
consi sting of ar : X 4- @t 10 NG| [\ iol
oot T onal 1 al kyi BlthigPhehg:a/a ditl Sicoa thiorpad ??fr?r@%‘*r?]ﬁé”%%ﬁaii’:%bl ymer
accordi ng to oneobl!,ithiazelo[ehgls3thiagote-2.wrdiyih thignalg, b3ltei@diazat ne” gr oup
consi sgi ng of the =gyl Puinig-153Bfattdze-cyclogEhtalblnaprithAldhd-4,9-diyl,
IS Ar2-Ard+ n LB o o3 4-clpyrrole-4,6-dione-1,3-diyl, benzo[lmn][3,8]phen-
anthroline-1,3,6,8-tetraone-4,9-diyl, all of which are unsubstituted, or
mono- or polysubstituted, preferably with R', R? or R® as defined in

claim 1 and 2.

10
7.  Polymer according to one or more of claims 1 to 6, wherein R’
and/or R? are selected from the following groups:
a) the group consisting of primary alkyl or alkoxy with 1 to 30 C
atoms, secondary alkyl or alkoxy with 3 to 30 C atoms, and tertiary
15

alkyl or alkoxy with 4 to 30 C atoms, wherein in all these groups one
or more H atoms are optionally replaced by F,

b) the group consisting of -C(0)-R®, -C(0)-0-R®, -0-C(0)-R°®, wherein
R® is straight-chain, branched or cyclic alkyl with 1 to 30 C atoms, in

20 which one or more non-adjacent C atoms are optionally replaced by -
O-, -S-, -C(0)-, -C(0)-0-, -O-C(0)-, -O-C(0)-0O-, -CR’=CR»- or -
C=C- and in which one or more H atoms are optionally replaced by
F, Cl, Br, l or CN,

c) the group consisting of aryl, aryloxy, heteroaryl and heteroaryloxy
25 that is optionally alkylated or alkoxylated and has 4 to 30 ring atoms.

8. Polymer according to one or more of claims 1 to 7, which is selected
from the group consisting of the following subformulae:

30 R\ R?

N N
) _JI SJ—Ara‘]rT* A

35



wherein R, R2, Arl, Ar2, Ar3 and n have the nmeanings given in one 20or
nore of clains 1 to 7, and wherein Arl, Ar2and Ar3 do not denote a single
bond. 9. P¥DAEYS2WEordi ng to one or nore of clains 1 toP8T/ERRIGIG04780

sel ected fromthe group consisting of tBg follow ng subfornulae: 25 30 111
- 57 - 15 25 30

R\ R®
I |
" 2 3_ 1 . ”B
. ‘HS S)—Ar -Ar ATA];‘
R\ R?
i |
. 3ol Iic
10 —[—1\ < S)—Ar A
R R?
15 N

N
AL TN arat ] IID

wherein R', R% Ar', A%, Ar® and n have the meanings given in one

20 or more of claims 1 to 7, and wherein Ar1, Ar® and Ar’ do not denote
a single bond.

9. Polymer according to one or more of claims 1 to 8, which is selected
from the group consisting of the following subformulae:

25

NN I
e A
S S

30

35
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12. 30 13. 35 14. wherein R1, R2, R3, R6 and n have one of the

meani ngs given in one or nore of clains 1 to 8, and R7 and Fe have

i ndependewol2g120i52@ach ot her one of the neanings of R3. Parpres1100478he
formul a R4-chai n-R5 wherein "chain" is_g polyner chain selected from
formul ae 11A-11D and 111-1119 as defined’in claim8 or 9, and R4 and RS
have one of the neanings given in claim4. Mxture or blend conprising one
or nore polyners according to one or nore of clains 1 to 10 and one or nore
compounds or pol ymers hagilng sghi conductdang, @iarge transport,

hol e/ el ectron transport, hyl el/el ectron bl ockifng, electrically conducting,
phot oconducting or |ight e (ng propertifes.\Formul ati on conprising one or
nore pol yners, m xturedNo©r ZNdd iNg tg one or nore of pghgmins 1 to
11, and one or nore solfile preferally s or gani ¢ sol vent s.
Use of a pol ymer, «miturés bleﬁﬂ oryyf oNm ihg to one or nore of
clainms5l to 12 as charge transport, ] '

conducti ng, photoconducting or light emttimg ™ optical,

el ectrooptical, electronic, electroluninesbbg$ or phot ol um nescent
conponents or devices. Optical, electrooptical or electronic conponent or
devi ce conprising WD 2012/ 052099PCT/ EP2011/ 004730 - 62 - one or nore

pol ymers, m xtures, blﬁnds q§2fornulati9ps accgrding to one or nore of

clains 1 to 12. R
10 \
N N N" N\ 116
AT s 4
S .
15
117
20
25
1118
30

35



15. Conponent or device according to claim 14, which is selected from 5the
group consisting of organic field effect transistors (COFET), thin film
transi st owe 20RRF299i ntegrated circuits (1 C), logic circRCTEP2@apaL3e Or s,
radio frequency identification (RFID) tggs, devices or conponents, organic
light emtting diodes (OLED), organic light emtting transistors (OLET),
fl at panel displays, backlights of displays, organic 10photovol taic devices
(OPV), solar cells, |aser diodes, photoconductors, photodetectors,

el ectrophot ographi ¢ devi g eRéct r ophot ogr aphi ¢ recordi ng devi ces, organic
menory devi ces, sensor dev charge injection |ayers, charge transport

| ayers or interlayers in | i ght eni&iing di odes (PLEDs), Schottky

di odes, 15pl anarisin ¥static fT|ms, polyner electrihgte
nenbranes (PEM, conducting stbstkateg conMucting patterns, electrode
materials in batteri abi gnmedt ayers.—4i odensors, biochips, security
mar ki n§s, security devices, and conpan evices for detecting and

di scrim nati ng DNA sequences. 20 16. Conpon j ce according to claim
14 or 15, which is an OFET or a bul k het PV| devi ce. 17.
Mononer of formula |a 25R4-Arl-U Ar2-R5l a whefein B, Ar[5—~Ar2, R4 and RS
are as defined in one or nore of clainms 3 to ®® 3018. Pfbcess of preparing

a polynmer according to ope pr e o laims 1 to 10, hy coupli.ng one or
NDr e Nononer s acdﬁ?QI?HbRt’oRol%ﬁsfﬁc{/\i‘ﬁﬁvgé’@ﬁ thtﬁ%méaiﬂég%g'v\%i"t'ﬂ%é‘ﬁe or
nore noipners of drhgofeosfalhinds41483aR8 R’ and R® have indeperiden®y of @achnd Ar 3

?regc?isoﬁ?fl ned i notlggreor?er omeem%fan?r{g%'&BRs to 356, in an aryl-aryl coupling

10. Polymer of the formula

R*-chain-R®
15 _
wherein "chain" is a polymer chain selected from formulae IA-1ID

and 11-1119 as defined in claim 8 or 9, and R* and R°® have one of the
meanings given in claim 4.

20 11. Mixture or blend comprising one or more polymers according to one
or more of claims 1 to 10 and one or more compounds or polymers
having semiconducting, charge transport, hole/electron transport,
hole/electron blocking, electrically conducting, photoconducting or
light emitting properties.

25

12. Formulation comprising one or more polymers, mixtures or blends
according to one or more of claims 1 to 11, and one or more
solvents, preferably selected from organic solvents.

30 13. Use of a polymer, mixture, blend or formulation according to one or
more of claims 1 to 12 as charge transport, semiconducting,
electrically conducting, photoconducting or light emitting material in
optical, electrooptical, electronic, electroluminescent or
photoluminescent components or devices.

35
14. Optical, electrooptical or electronic component or device comprising
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WO 2012/052099 PCT/EP2011/004730

15.

16.

17.

18.

-62 -

one or more polymers, mixtures, blends or formulations according to
one or more of claims 1 to 12.

Component or device according to claim 14, 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 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 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, biosensors, biochips, security
markings, security devices, and components or devices for detecting
and discriminating DNA sequences.

Component or device according to claim 14 or 15, which is an OFET
or a bulk heterojunction OPV device.

Monomer of formula la
R*-Ar'-U-Ar%-R® la

wherein U, Ar1, Ar2, R* and R® are as defined in one or more of
claims 3 to 6.

Process of preparing a polymer according to one or more of claims 1
to 10, by coupling one or more monomers according to claim 17 with
each other, and/or with one or more monomers of the formula

R:-ArP-R®

wherein R?, R® and Ar® are as defined in one or more of claims 3 to
6, in an aryl-aryl coupling reaction.



