Sem conducting Polymers Field of the Invention 5The invention relates to
novel polynmers containg repeating units based on thieno[3, 4-b]thiophene,
nononer s woadortobds for their preparation, their use a®CI@aPREaolm9et ors in
organic electronic (OE) devices, especigHIy i n organi ¢ photovoltaic (OPV)
devices, and to OE and OPV devi ces conprising these polyners. 10 Background
of the Invention In recent years there has been growng interest in the use
of sem conducting polymers for electronic applications. One particul ar area
150f inportance is organic pho ' . e? ymers have found use in
OPVs as they allow devices to %gxﬂgéﬁbggPégi lB?agglution-processing

techni ques such as spin casting, dip coating or ink jet printing. Solution
processi ng CQﬂe%%jQﬁéﬂhﬁghﬁ&ﬁ cheaper and on a |arger scale conpared to the
evapor ati ve techni ques UusSe o rmake inorganic thin film devices.
20Currently, polymer based photovoltaic devices are achieving efficiencies
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Background of the Invention

In recent years there has been growing interest in the use of
semiconducting polymers for electronic applications. One particular area

15 of importance is organic photovoltaics (OPV). 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 devices.

20 Currently, polymer based photovoltaic devices are achieving efficiencies
up to 7%.

A class of polymers that is currently achieving the highest efficiencies in
polymer based photovoltaic devices is based on units that have a high

25 quinoidal contribution. Poly(thiophene), for example, can exist in both the
aromatic and quinoidal state as shown below:
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A quinoidal structure reduces the torsion between adjacent rings, which

results in a more planar polymer backbone leading to an extension of the
35 effective conjugation length. It is generally observed in conjugated

polymers that an increase in the conjugation length results in a decrease



of the bandgap, leading to a higher degree of absorbed incident Iight. The
qui noi dal state can be stabilised by fusing an aromatic ring to the

t hi ophenewbaeichosm The fused ring is itself only fullyParmratiiiomo2sden the 5
backbone is in the quinoidal state. Thi§2qeans there is a strong desire for
the polyner to be in the quinoidal state” Previous work has denonstrated
the use of a thieno[3 4- b] t hi ophene (1) [see Y. Liang; Y. Wi; D. Feng;

S.-T. Tsai; - Son; G Li; L. Yu, J. Am Chem Soc., 2009, 131 (1),
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I nvol ves an unst abl e nononer, nanely a 4, 6-di bronot hi eno[ 3, 4-b] t hi ophene,

whi ch conpl i cﬁfé% umfdaagpﬁlemrbémbh@éuaoybmsin@% Q&rﬁ&tu&ﬁwﬁ%%‘ﬂfé abl e
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the polymer to be in the quinoidal state. Previous work has demonstrated
the use of a thieno[3,4-blthiophene (1) [see Y. Liang; Y. Wu; D. Feng; S.-
T. Tsai; H.-J. Son; G. Li; L. Yu, J. Am. Chem. Soc., 2009, 131 (1), 56-57],
as shown below (wherein R is an alkyl group and Ar is an aryl group), to

10 reduce the bandgap.
R

2

/ \
15 * S Af‘}’n*
(1)

However, the synthesis of polymer (1) involves an unstable monomer,
namely a 4,6-dibromothieno[3,4-b]thiophene, which complicates the

20 polymer synthesis by leading to unpredictable polymer molecular weights
that lead to varying polymer performance.

WO 2010/008672 A1 discloses semiconducting conjugated polymers of
formula (2) and their use in OPV devices.

25
30
(2)
35 wherein R is polyfluoroalkyl, polychloroalkyl or an ester, R' is alkyl, alkoxy,

aryl, aryloxy, heteroaryl or heteroaryloxy, x is an integer from 1 to 12, and



However, these polynmers have limted opportunuities for fine-tuning of the
HOMO and LUMO energy | evel positions. Furthernore, the positioning of 5the
al kyl si dogocheia39bimts the utilisation of phenyl ene riPog/HPaGIe®02928
conononers, as such configurations woul dresult in significant steric

hi ndrance due to outward positioning of %Ikyl substituents on the thiophene
rings. 10There is still a need for organic sem conducting (OSC) materials
that are easy to synthesize, especially by nethods suitable for mass

producti on, ﬁh%"aﬁ%{ég%ﬂr‘é% Yr@logey gani zation and filmformng properties,
exhi bit good el'ectroni™ properties, especially a high charge carrier

mobi | ity, good processibility, especially a high solubility in organic
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by the photoactive layer and can lead to higher cell efficiencies.

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

20 organic semiconducting materiais 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
processibility, high stability, good solubility in organic solvents, high charge
carrier mobility, and a low bandgap. Another aim of the invention was to

25 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.

The inventors of the present invention have found that these aims can be
30 achieved by providing conjugated semiconducting polymers as claimed in
this application.

The monomers and polymers of the present invention are especially

suitable for large scale production. At the same time, they show good
35 processability, high solubility in organic solvents, low bandgap, high

charge carrier mobility and high oxidative stability, and are promising



5The invention relates to a conjugated pol yner conprising one or nore

i dentical or different repeating units of fornmula I: R wherei n the
asteri skswondiomsaoa | i nk to nei ghboured groups, Arlis ®@QT&EReH11002908 rence
identically or differently a group selected fromthe following fornmulae -5
_ Ar2is on each occurrence identically or differently a group sel ected
fromthe follow ng formnul ae R4

materials for organic electronic OE devices, especially for OPV devices.

Summary of the Invention

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

R
X~
S
10 |
SAlTNgS AT
wherein the asterisks indicate a link to neighboured groups,
15
Ar’ is on each occurrence identically or differently a group
selected from the following formulae
20 lia
25
lb
2
30 xR
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35



Ws S, Seor 0, Vis CHor N, X1 and X2are, on each occurrence identically
or differently, and independently of each other, 0, Sor Se, -6 Xis H or
F, on eacwoaoerunossmce identically or differently, denot @sTHEP2@1/008r§ |, CN,
or straight-chain, branched or cyclic q]#yl wth 1 to 535 C atons, in which
one or nore non-adjacent C atons are optTonally replaced by -0-, -S-, -CO,
-00-0-, -0-00-, - 0-00-0-, -CR=CR- orand in which one or nore H atons are
optionally replaced by F, d, Br, I or CN, or denotes aryl, heteroaryl,
aryl oxy, heteroaryloxy, aryl gdrbonyl, 10heteroaryl carbonyl,

aryl carbonyl oxy, heteroa 2oxy, aryl oxycarbonyl or

het er oar yl oxycar bonyl havin O ring atons that is unsubsﬁétuted or
substituted by one or noreg, non- ic groups al, 15R and R a

i ndependent |y of each otfer H or|gptionally substituted carbyl or

hydrocar byl optionally conprisinB one or nore hetero atons, 20 25 30 35 R1
R2 and &R3 R4

AP is on each occurrence identically or differently a group
selected from the following formulae

10 lle
15
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30 W is S, SeorO,
\/ is CHorN,
- X' and X?  are, on each occurrence identically or differently, and

independently of each other, O, S or Se,



Sp is on each occurrence identically or differently H, halogen, - CN, -NC
-NCO, -NCS, -OCN, -SCN, -C(=0)NRR, - C(=0)X, -C(=0)R, -NH2, -NRR, -SH, -SR,
- SO3H, - 802Ri2/008HY - NO2, - CF3, -SF5, optionally substi Porae2ailioyiozs car byl
or hydrocarbyl with 1 to 40 C atons that.is optionally substituted and
optionally conprises one or nore hetero %fons, or P-Sp-, on each occurrence
identically or differently, and i ndependently of each other, have one of

t he neanings given for Ror al, which is preferably different fromH, has
on each occuryence ideq%kng#y or differently one of the meanings given for
Ror RlL, is polyneri§ or crosslinkable group, is a spacer group or a
singl e bond, Xis halogen. The invention further relates to a conjugated

pol ymer conprg sing i dend §3bn écaﬂrr&ﬁéé f@éﬁ al&%fféﬂé%tlyna%{%teW@' n at

| east one repeating unit coffarns a unif tionally
conprising one or nore Binf:t&Napr §*é4"95¥'%'&?'f‘r Branghed O&ﬁﬁdﬂé@lévld'd'ﬂ}'ﬂ tanits
that are optionally sulzgCtatbes, uﬂWﬁfcﬁr@m ¥r ﬁmb@éﬂoﬁfﬁo\f&&frﬁ Gapmehast ed of

formula I'll: 10 Il wher ur e i ically or
differently, a unit of IR 'loﬁlﬁ?l’ér?p ge%lggcpl ’bgd’ szgve&%@ béjg&S 'Ari's, on
each occurrence identi CQ-Or, 6RP#@R§?+tdryC=€n amdyih wihichehercvangie igr oup
that is optionally sub \,\g’t”létﬁg o;ﬁ%n?ll)?regﬂ?g %CE.III’ ,en%?ﬁjr{\ge&t ically or

differently 0, 1 or ereirn one’ répeari’'ng in at
| east one unit -[(V) x (dqqotgs aryl, hetenoaryl, aryloxy, heteroaryloxy, arylcarbonyl
10 heteroarylcarbonyl, arylcarbonyloxy, heteroarylcarbonyloxy,
aryloxycarbonyl or heteroaryloxycarbony! having 4 to 30 ring
atoms that is unsubstituted or substituted by one or more

non-aromatic groups R',

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

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

R?and R® on each occurrence identically or differently, and
independently of each other, have one of the meanings
given for R or R’ which is preferably different from H,

30
R* has on each occurrence identically or differently one of the
meanings given for R or R',
P is a polymerisable or crosslinkable group,
35

Sp is a spacer group or a single bond,



25Yi s on each occurrence identically or differently O, 1 or 2, nis an

i nteger > 1. The invention further relates to nononers containing a
uni t of fwormi220891930whi ch are suitabl e for the prepar aPCoOEPed11p0998Rr S as
descri bed above and bel ow. The invention further relates to a m xture or
bl end conprising one or nore polyners abZdrding to the present invention
and one or nore additional 35conpounds or polyners which are preferably
sel ected from conpounds and pol yners havi ng sem conducti ng, charge
transport, hole/electron -8 transport, hole/electron bl ocking,
electrically cpnducting, photoconducting or |ight emtting properties.
The inventiohxfurther riglh@l@@en.o a formul ati on conprising one or nore
5pol yners, m xtures or or blends according to the present invention and

optionally o or nore solvents, preferably selected from organic. solvents.

The i nvent i on! M VRBIIop dyEhERreidieR g a kanlvdated Rpliper comReiPdadenfichas. and

forml abi gns @c@iﬁedaimgep@aﬁir’cgaupimwm@irrmaeakmea&epéa@he:riitr@n?@iﬂﬁta

10sem conduct i n | C cti : o uctin r_1,ight

et 1 ng mat oy ep! a2 Suf R SisiRy BhP ER AR M AY seitélgh

el ect r ol um nefsermamarybang heterpanil neits émt areropdionalssabstdietedces. The i nventi on

further relates to a charge transport, sem conducting, 15electrically

conducting, photoconducting or light emtting rmaterial or conponent

conpri si ng onRrejerably thess BRlvNeTs Bt Wf@?t%’l@%@@@’ﬁ Wor nul ati ons accordi ng

to the ppesent invention. The invention further relates to an optical,

el ectroopti cal @r@r ('glp ctroni c 20conponent or  device conprising one or nore
-

pol ymers, pol')[ Ads, i
wherein
15 U is, on each occurrence identically or differently, a unit of
formula | as described above and below,
Ar is, on each occurrence identically or differently, an aryl or
heteroaryl group that is optionally substituted,
20
X is on each occurrence identically or differently 0, 1 or 2,
wherein in at least one repeating unit, i.e. in at least one unit
[(U)x-(Ar)y}-, x is 1,
25 y is on each occurrence identically or differently 0, 1 or 2,
n is an integer > 1.
The invention further relates to monomers containing a unit of formula |,
30 which are suitable for the preparation of 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

35 compounds or polymers which are preferably selected from compounds
and polymers having semiconducting, charge transport, hole/electron



formul ati ons, conmponents or materials according to the present invention.
The optical, electrooptical, electronic el ectrolum nescent and

phot ol umweeenw3nenponent s or devi ces include, w thout PCIT(rAP2@L1i002928
25organic field effect transistors (O:Eé thin filmtransistors (TFT),
integrated circuits (1C), logic circuits; capacitors, radio frequency

i dentification (RFID) tags, devices or conponents, organic light emtting
di odes (CLED), organic light emtting transistors (OLET), flat panel

di spl ays, bacgk] i ' sol ar
30cells, las e 3 ghe e/%%t%gé@r(ﬁuc C#Jaené&hg%\g}d&% ‘{C é &gc}{ r%\é)qa'\g%graphl C
devi ces, el ecxrdlgphembt@ﬂgmpéeﬁ@@ordl ng deV| ces, organic nenory devices,
sensor devices, charge |nject|on | ayers, charge transport |ayers or
interlayers i n pol yner ht em tting _di odes (PLEDs), organic

pl asmoneni t t i K§ @BvBAERN L(%E%é’ 'at%’%ﬁbgt?’;p“‘d?%%@”}ﬂ”éﬁ‘@r‘?rﬁ AgMCier s,

antista&ic 3'~’Hd|)hﬁ§ns mkunes oebﬁbtdrfdsxﬁ&ofmﬁ@t@ﬂ%p(d%ém inveatioh &hidng
electr

substrat es duc patt in batteri
o onment | ayaronany BaRE bR Suv B bR R o ARy solBits 1
devi ces, and conponents or devices for detecting and discrimnating DNA

sequences. Dot Gl {6 Rl B8l tcﬂh% ﬁgf;wgﬂ]e@%%@%n%%qﬁo' yners

of the present 1nvention are easy _ and severa
advant ageous fprropiationg acceidieg o wreéﬁag@yen@pmagwham gansrarti er

mobi | i 149 a highiceRiu&ing, Te‘!edtﬂcélfy%ﬁdhcﬁﬁ@V&%técoﬁdwﬁg dHRResRftlingi ty for
t he devi ce manufacture Mces oxi.dative stabilify and a”l ong

lifetinme in dnataridoi ePiRA) %Iggfrocpﬁ)]t Cé’gcﬁl??t&‘?f“cft‘ﬂ@? rAHBYNS$REM 8F | owi ng
advant ageous gHapkifiinescent compgnehiteor devices.
4, 6- bi s(5-brono-thi ophen-2-y1)-thieno[ 3, 4-b]thi ophene nonomers 15exhi bit
better thermal, light and air stability conpare to the 4, 6-dibrono-
t hi eno[ 3, 4- b] Tt 'mwleetien fotoereielales te erqharge transportiseniwonduicting, onal
t hi oph ri roup extend
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component comprising one or more polymers polymer blends of

formulations according to the present invention.

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

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

25 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

30 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

35 films, polymer electrolyte membranes (PEM), conducting substrates,
conducting patterns, electrode materials in batteries, alignment layers,



20band gap of the resultant polyner and inproving the Iight harvesting
ability of the material. 1iii) Additional solubility can be introduced into
t he pol yrneo 2b12/dosmbusi on of sol ubilising groups at the RCTRP2@n/ o328
positions. 25 iv) Additional fine-tuning,of the electronic energies

(HOMO LUMO | evel s) by either careful sel 8ction of t hi ophene R2 and R3 group
on each side of 4,6-di-thiophen-2-yl-thieno[3, 4-b]thiophene or

co-pol ynmerisation with appropriate co-nononer(s) should afford candi date

materials for_.organic 3 o] vi)._Th ncrease in
monomer st abid' ??%‘%pégutf Sgrh'i?)ts %QHFR}{ ?‘?%R‘?‘géu%‘% \t’?dFyPCS? %ﬁde pol ynmer

mol ecul ar weiapmponsstaiondeyvicgsdot ﬁete@tlng@ndrdIthleatm@Maenbemesy of the
pol ymer perfornmance, conpared to polyners as described in prior 35art, like
e.g. in WO 2010/008672 A. . - 10 - The term "polyner" generally neans a

mol ecul e of IRefalledDasciptigaobtheg kveptigl  the structure of which

essentifl |y conprises the multiple repetition of uni ts derived, actually or
conceptual ly,_from nol ecul e oI Iow %t ve tf nMass EPAC 1996, 68,
2291). The t et "ENOFYRANLRAKIAT ¢ %fﬁéea WMF‘B ?Péfeo?a% ®r medi at e
relative nol exymtiegsizenand exhéitseveraladyantagdtustprepediesi ke @ lownpri ses a

smal | plurali 0, jom nol ecul es
of | ower rel éé/r\/agaﬁb?eigﬁ]%ﬂ% éagar %i@@dilggﬁgh@ &gggwﬁh gﬁpreferred
sense accor d.emgverds,tmogd@@ﬁessawwfqrdhea:iemﬂeynenufa@aﬁg mocm@ﬁmshhavu ng
> 1, prﬁ@eratﬁﬂdgtivéstbﬁm%ﬂhhﬂﬂ IHHgthfetlnﬂlé’ﬁ‘f‘Qeéﬁoﬁ’ib'Ms means a conpound
vmth> and < 10, preferably < 5, repeating units. Above and below, in a
formJIa showi ng a polyner or a repeating unit, like fornula | and its
subfornul ae, @nadstion &iey(é'ﬁdv«)mhefwbwmgaadwa"ﬂfa@@oa@pmeﬂwj acent repeating
unit or a termnal group in the polyner chain. The terns "repeating unit"
and "nononeric unit" nmean the constitutional repeating unit (CRU), which is
t he smal | est iy dhst4,64is$(OrAoMmthiophen-2efethiena)d, 4ab]tvibpléne orstanenses a
regul arq gacrog%g%%r %eﬁ@%ﬁ"l@%@bb%‘ﬂ*Qébﬁwrﬁﬁéﬁleeto the 8 Wistbnty-0ck or a

regul ar chain The te eavi ng group” means an atom
or group ( chathignelda- Qﬂﬁuﬁah@%mmemm@@aaet ached froman atomin what
is considered to be the residual or main part of the nolecule taking part
in a specifi e%_lrea&tl

o] agdmonal thiophene rings on both sides of the thieno[3,4-
blthiophene group extend the conjugation length, thereby lowering the

20 band gap of the resultant polymer and improving the light harvesting ability
of the material.

iii) Additional solubility can be introduced into the polymer by inclusion of
solubilising groups at the R, R? or R® positions.

25
iv) Additional fine-tuning of the electronic energies (HOMO/LUMO levels)
by either careful selection of thiophene R? and R® group on each side of
4 6-di-thiophen-2-yl-thieno[3,4-b]thiophene or co-polymerisation with
appropriate co-monomer(s) should afford candidate materials for organic
30 photovoltaic applications.

v) The increase in monomer stability results in better reproductibility of the

polymer molecular weights obtained, and therefore in better reproducibility

of the polymer performance, compared to polymers as described in prior
35 art, like e.g. in WO 2010/008672 A.



25(see al so PAC, 1994, 66, 1134). The term "conjugated" neans a conpound
containing mainly C atons with sp2-hybridisation (or optionally also

sp- hybri dveani2om}9i9whi ch nay al so be repl aced by het er oPaTmPeo11iomIhe
sinplest case this is for exanple a 30c2|6pound with alternating C C single
and double (or triple) bonds, but does al'so include conpounds with units

i ke 1, 3-phenyl ene. "Mainly" nmeans in this connection that a conpound wth
naturally (spont aneously) occurring defects, which may lead to interruption

of the conjugatiol B é’%r‘%\t‘é'ln ernpeg%\\ﬁ%a% aamﬁ%%h@@it I’ﬁﬁh?gfm%%lecﬁ{gk €ss
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standards in eI uent sol ve a6s 3 dr ofur,an, Strchl orﬂrret hane
(TCM chl or of%@'@?“'aéﬁ‘l‘%ﬁ%gﬁe?sﬁgeﬁé %08, 2 %1? [he term ‘& 'Sonl?éng%’i‘l"éra Yl ess

st at ed &t her whegns brmélleboreoafahtmnmdnaeueladvasnaebmenmasihmai@tgnaara)f
R P X L e S M et S o w0
unit as descrddmegptually, frvin Boleomieseof Ipvley nelative m&ﬂhwhsmys&PH@5| cs of
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above and bel ow denod nova ent or organi c radica
noi ety whi ch RAYPET Beangta p@@@puaﬁ@aymgobﬂ Riefarahly ﬁeﬁ rame@ﬁagturb\tﬁy

non- car{en atéHHSaﬁ'd|nb@nfe9rrn@a¢asr@Ic@mb%uﬁ@mh orq 9@& l<oma gafe@@@wmsd with at
| east one non-car hon atom such as N, 0, S, Te or Ge (for
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h Ce.
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fused rymgs I I HIARA de al kyl,
al koxy, 1gl kyI@g%on%bggtlﬁ%wgg?ggﬁim %(f/t{ag%ﬁrtggnyl ox?i %H

al koxycar bonyl oxy, each of which is optionally substituted and has 1 to 40,
preferably 1 TI@e ?é?rms/'eé e@trrej enigband ImbAohBri€ unito Mssarf Wetdtﬁfslmm)n@IDt ionally

bstituted { 4 25 C t
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contain one o ons, pretferably selecte S, P, Si,
Se, As, Te and Ce. 35

The term "leaving group" means an atom or group (charged or uncharged)
that becomes detached from an atom in what is considered to be the
residual or main part of the molecule taking part in a specified reaction

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

The term "conjugated" means a compound containing mainly C atoms
with spz—hybridisation (or optionally also sp-hybridisation), which may also
be replaced by hetero atoms. In the simplest case this is for example a
30 compound with alternating C-C single and double (or triple) bonds, but
does also include compounds with units like 1,3-phenylene. "Mainly"
means in this connection that a compound with naturally (spontaneously)
occurring defects, which may lead to interruption of the conjugation, is still

regarded as a conjugated compound.
35



- 12 - group, or a saturated or unsaturated cyclic group. Unsaturated
acyclic or cyclic groups are preferred, especially aryl, alkenyl and

al kynyl gwoupr/aagapeci al ly ethynyl). Where the Cl-C40 cachEp2an/obapds ocar byl
group is acyclic, the group may be stratht-chain or branched. The Cl-C40
carbyl 5 or hydrocarbyl group includes for  exanple: a Cl-C40 al kyl group, a
Cl- 40 al koxy or oxaal kyl group, a C2-C40 al kenyl group, a C2-C40 al kynyl
group, a C3-C40 allyl group, a C4-C40 al kyl di enyl group, a C4-C40 pol yenyl
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t hi oal kyg, f'@ﬁé%téy& PHYSidd efveabiompteMdls) Blatie 181dsgdom®oqr al kenyl ,
alkynyl with 2 to 12 C atons. 25 Especially preferred aryl and heteroaryl

groups are phenyl in which, in addition, one or nore CH groups may be
repl aced by Nheagrht Tttdrlequ;roub'f aphsee abset andiuow, deinbitenani ophene

mono- or - pot yoangraient 8L AR B 8aRG Taa Eal mBien Wrich FEMpRER AT IERRY | Lo o
are sel ected dnenapnraips) eihertwithaytany-nmn-caiben qingdillneformmlabl y 2- or
3-pyridige, mduc;*z ngpt.&ﬁy pZ%ﬁnﬁnw %tﬁraabéa/st%nteméwg%%n ashﬁ

preferably 2- en no hi ophene I azol_e, |ad|azole
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nono- or pol ysubstltu as,de

B Koxy r ad cophe pr mofeLalri aho BhuoRaly EonliRiie imibip heltta Hg M0 can
be straight- clh@ﬁmreuammt}h@jSIl? $is Spr AbeTahliryGest rai ght - chai n, has 2 3,
4, 5, 69qg7 or 8 carbon atonms and accordingly is preferably ethyl 5propy|,

butyl, pentyl, hexyl, heptyl, octyl, ethoxy, propoxy, butoxy, pentoxy,
A carbyl or hydrocarbyl group compnsmg a chain of 3 or more C atoms

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

25 Preferred carbyl and hydrocarby! groups include alkyl, alkoxy,
alkylcarbonyl, alkoxycarbonyl, alkylcarbonyloxy and alkoxycarbonyloxy,
each of which is optionally substituted and has 1 to 40, preferably 1 to 25,
very preferably 1 to 18 C atoms, furthermore optionally substituted aryl or
aryloxy having 6 to 40, preferably 6 to 25 C atoms, furthermore

30 alkylaryloxy, arylcarbonyl, aryloxycarbonyl, arylcarbonyloxy and
aryloxycarbonyloxy, each of which is optionally substituted and has 6 to
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.

35

The carbyl or hydrocarbyl group may be a saturated or unsaturated acyclic



hexoxy, heptoxy, or octoxy, furthernore nethyl, nonyl, decyl, undecyl,
dodecyl, tridecyl, tetradecyl, pentadecyl, nonoxy, decoxy, undecont,
dodecoxy,wonrothamany or tetradecoxy, for exanple. 10An alPkempRoigraeps
wherein one or nore CH2 groups are repla;gd by - CH=CH can be

strai ght-chain or branched. It is preferdbly straight-chain, has 2 to 10 C
atons and accordingly is preferably 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 l, ,
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repl aced by and one ese ra i ca preferably
nei ghboured. Accordingly these radicals together forma carbonyl oxy group

-00-0- or an mw%aqahmwoamym@ferab@%eno?é gfrﬁbﬁ@J bu-tdrltﬁcm@moh@uc or
strai ght - chai S aceor ygalgopr ef erably

acet yl oxy, E% 6%?95‘3‘&”" Qfﬁ’f‘? 'bégggo ring atoms tha comprise

condensed rings and is optlonally substituted with one or more groups L
20 as defined above.

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

25
Especially preferred aryl and heteroaryl groups are phenyl in which, in
addition, one or more CH groups may be replaced by N, naphthalene,
thiophene, selenophene, thienothiophene, dithienothiophene, fluorene
and oxazole, all of which can be unsubstituted, mono- or polysubstituted

30 with L as defined above. Very preferred rings are selected from pyrrole,
preferably N-pyrrole, pyridine, preferably 2- or 3-pyridine, pyrimidine,
thiophene preferably 2-thiophene, selenophene, preferably 2-
selenophene, thieno[3,2-blthiophene, thiazole, thiadiazole, oxazole and
oxadiazole, especially preferably thiophene-2-yl, 5-substituted thiophene-

35 2-yl or pyridine-3-yl, all of which can be unsubstituted, mono- or
polysubstituted with L as defined above.



pent anoyl oxy, hexanoyl oxy, acetyl oxynethyl, prop ionyl oxynethyl,

10but yryl oxynet hyl , pent anoyl oxynet hyl, 2-acetyl oxyethyl, 2-propionyl oxy-
et hyl , 2-wotgrydosyet hyl , 3-acetyl oxypropyl, 3-propi onylPoXErR@pp2928

4- acetyl oxybutyl, methoxycarbonyl, ethOX%garbonyl pr opoxycar bonyl ,

but oxycar bonyl , pentoxycarbonyl, nethoxy T bonyl et hyl ,

et hoxycar bonyl net hyl , propoxycar bonyl net hyl , butoxycarbonylnethyl,

152- (et hoxycar bonyl ) et hyl , 2-(ethoxycarbony|)ethy|, 2- (propoxy-

car bonyl ) et hyl, 3- (nethoxycarbonyl)propyl 3- (et hoxycar bonyl ) propyl,

4- (nethoxycarbonyl) butyl. An al ky roup wherein two or nore CH2 groups
are repl aced Ay alky! OQQ&QUY(BadIC@bG)e Wgﬁr%@%wlalr@hﬁwphpw replagechby. 1t |

preferably stizi ght be@i@r%ﬁ@&%uﬁ@ﬁ brarchel? 1tGs %?@f@?ablf‘%ﬁgfg‘ﬁ't ek, hbsi S
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, 5-, 6-, 7-, 8- or dec-9-enyl.

Especially preferred alkenyl groups are C,_-C;-1E-alkenyl, C4,-C7-3E-

alkenyl, Cs-C7-4-alkenyl, C¢-C;-5-alkenyl and C;-6-alkenyl, in particular
20 C»-C7-1E-alkenyl, C4-C7-3E-alkenyl and Cs-C;-4-alkenyl. Examples for

particularly preferred alkenyl groups are vinyl, 1E-propenyl, 1E-butenyl,

1E-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 having upto 5C
25 atoms are generally preferred.

An oxaalky! 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-,
30 3-, 4-, or 5-oxahexyl, 2-, 3-, 4-, 5-, or 6-oxaheptyl, 2-, 3-, 4-, 5-, 6- or 7-
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-,
35 3-, 4-, or 5-oxahexyl, 2-, 3-, 4-, 5-, or 6-oxaheptyl, 2-, 3-, 4-, 5-, 6-or 7-



A fluoroal kyl group is preferably straight-chain perfluoroal kyl 5wherein i
Is an integer from1 to 15, in particular CF3, C2F5, C3F7, C4F9, C5F11,
C6F13, CAVOROwo0EBB17, very preferably C6F13. The abovePoEmpreanacas kyl ,

al koxy, al kenyl, oxaal kyl, thioal kyl, ‘Ponyl and carbonyl oxy groups can
be achiral or chiral groups. Partlcul arla’{/ 10preferred chiral groups are
2-butyl (=1-methyl propyl), 2-nethylbutyl, 2- methylpentyl, 3-nethyl pentyl,
2- et hyl hexyl, 2- propyl pentyl, in parti cular 2- met hyl butyl , 2-met hyl but oxy,

2-nmet hyl pento v et ; t hyl t pyl oxYy

2- oct yl oxy, Z&Sé?a-%é‘ tré%y?b%t ;%y73%5>§<a nrrg‘pﬁ %e#t;% g érﬁ?h%l%e?(yl
2- hexyl, 2-ocexadecyl dengxamplegecyl , 2-dodecyl, 6-neth- 15o0xyoct oxy,
6- met hyI oct oxy, 6-net hyI oct anoyl oxy, 5-nethyl hept yl oxy- carbonyl ,

2- met hyl but yryl oxy \%val eroyl oxy, 4-nmethyl hexanoyl oxy, 2-

chl or opr opi on'mﬁ@fkwgmpo ef?“?r@f‘ﬁ \rHgrpupl is geplaced by -O- and'one by -
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carbonyl)ethyl, 3-(methoxycarbonyl)propyl, 3-(ethoxycarbonyl)propyl,
4-(methoxycarbonyl)-butyl.

An alkyl group wherein two or more CH, groups are replaced by -O-

20 and/or -COO- can be straight-chain or branched. It is preferably straight-
chain and has 3 to 12 C atoms. Accordingly it is preferably bis-carboxy-
methyl, 2,2-bis-carboxy-ethyl, 3,3-bis-carboxy-propyl, 4,4-bis-carboxy-
butyl, 5,5-bis-carboxy-pentyl, 6,6-bis-carboxy-hexyl, 7,7-bis-carboxy-
heptyl, 8,8-bis-carboxy-octyl, 9,9-bis-carboxy-nonyl, 10,10-bis-carboxy-

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

30 (ethoxycarbonyl)-propyl, 4,4-bis-(ethoxycarbonyl)-butyl, 5,5-bis-
(ethoxycarbonyl)-hexyl.

A thioalkyl group, i.e where one CH, group is replaced by -S-, is

preferably straight-chain thiomethyl (-SCH3), 1-thioethyl (-SCH,CHj3), 1-
35 thiopropyl (= -SCH,CH2CHj3), 1- (thiobutyl), 1-(thiopentyl), 1-(thiohexyl), 1-

(thioheptyl), 1-(thiooctyl), 1-(thiononyl), 1-(thiodecyi), 1-(thioundecyl) or 1-



10 wherein "ALK" denotes optionally fluorinated, preferably |inear, alkyl
or alkoxy with 1 to 20, preferably 1 to 12 C-atons, in case of tertiary
groups vew92prafssriably 1 to 9 C atons, and the dashed | ipo@/EReoroex2s& | i nk
to the ring to which these groups are attiched. Especially preferred anong
t hese 15groups are those wherein all ACLK'Subgroups are identical. -CYl=CY2-
Is preferably -CH=CH, -CF=CF- or -CH=C(CN)-. Halogen is F, d, Br or I,
preferably F, C or Br. 20 The polyners nay al so be substituted with a

pol yreri sabl [ ' LV, u | ' LQpal |y
prot ect ed duf(lﬂﬁgﬁﬂ%agir’ ck%q*grglng?(e?%%%yn@egaﬁz g%qu\;g{%@.gc@rt? %%ggr preferred
pol ymers of thykgidisgskvigykcarhosatem issepiacad.] wherein Rl denotes P-Sp. These

pol ymers are 25particularly useful as sem conductors or charge transport
materials, as they can be crosslinked via the g_rou s P, for exanple by
M?@“

pol yrer i sat i oh fiuprealiky| 9araup i Bresprabfy straighbehal worealkyl ifertinto a thin
filmfds a segh&@ntliista integeoinemt1 td 05 Yih@latticiasSFi rEad, OoFyRF.films with
o0 e 92 CILL SEEROCIELRAE Ll RGeIRly cBEhan ool and chen ca
selected fromO )/W -N 1 WO 2012/ 003919PCT/ EP2011/ 002928
The above-mentioned alkyl, alkoxy, alkenyl, oxaalkyl, thioalkyl, carbonyl
and carbonyloxy groups can be achiral or chiral groups. Particularly
10 preferred chiral groups are 2-butyl (=1-methylpropyl), 2-methylbutyi, 2-
methylpentyl, 3-methylpentyl, 2-ethylhexyl, 2-propylpentyl, in particular 2-
methylbutyl, 2-methylbutoxy, 2-methylpentoxy, 3-methylpentoxy, 2-ethyl-
hexoxy, 1-methylhexoxy, 2-octyloxy, 2-oxa-3-methylbutyl, 3-oxa-4-methyl-
pentyl, 4-methylhexyl, 2-hexyl, 2-octyl, 2-nonyl, 2-decyl, 2-dodecyl, 6-meth-
15 oxyoctoxy, 6-methyloctoxy, 6-methyloctanoyloxy, 5-methylheptyloxy-
carbonyl, 2-methylbutyryloxy, 3-methylvaleroyloxy, 4-methylhexanoyloxy, 2-
chloropropionyloxy, 2-chloro-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,
20 1-butoxypropyl-2-oxy, 2-fluorooctyloxy, 2-fluorodecyloxy, 1,1,1-trifluoro-2-
octyloxy, 1,1,1-trifluoro-2-octyl, 2-fluoromethyloctyloxy for example. Very
preferred are 2-hexyl, 2-octyl, 2-octyloxy, 1,1,1-trifluoro-2-hexyl, 1,1,1-
trifluoro-2-octyl and 1,1,1-trifluoro-2-octyloxy.

25 Preferred achiral branched groups are isopropyl, isobutyl (=methyipropyl),
isopentyl (=3-methyibutyl), tert. butyl, isopropoxy, 2-methy!-propoxy and 3-
methylbutoxy.

In another preferred embodiment of the present invention, R, R? or R® are
30 selected from primary, secondary or tertiary alkyl or alkoxy with 1to 30 C
atoms, wherein one or more H atoms are optionally replaced by F, or aryl,
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
35



- 17 - wW2(CF12)ki-O , CH2=CW2-(0)kr, CWM=CH 00-(0)k3-, CM=CH CO NH,
CH2=CWL- CO- NH-, CH3- CH=CH 0-, (CH2=CH)2CH OCO-, 5(CH2=CH CH2)2CH O 00-,

( CH2=CH) 2gB-2012/008GP2=CH- CH2) 2N-, (CH2=CH CH2) 2N- 00-, HOPCWANB01,1/0b92EC\V\2V\B-
HW2N-, HO CVWWB- NH-, CH2=CH (C0-0) ki - an(O)kZ- CH2=CH- ( CO) ki - Phe- (0) k2-,
PheCH=CH, HOOC-, OCN-, and WAWWW6S1- th WL being H F, d, CN, CF3,
phenyl or alkyl with 1 to 5 Catons, in particular H C or CH3, W and
10WB bei ng i ndependently of each other Hor alkyl with 1 to 5 Catons, in
particul ar H, rret hyl, ethyl or n-propyl, Wi, Weand Ws bei ng independently
of each other d oxaal kyI or oxacr bonyl al kyI wih 1 to 5 Catons, W and
V\Bbelnglnd?fﬁ-gﬂ:’dﬁ%ﬁ-k H d or a wth 1 to 5 C atons,
Phe being 1 eny 0£Qt is apt ponal |y subsl ytked by one or nore
15groups Las defined abo k1, k2Yand k3 bgiig mMmdepdident|ly of each ot her
O or 1, k3 preferably being 1, andakd being an integer from1l to 10.
Alternzﬁlvely Pis a protected derrvatlve of these groups which is
non-reactive under t he icondi ti ons de&erbed fot the process according to
the 20 presemil nvgx ALE?urt protective grpups are known to the

ordi nary expert an eeCKIl bed he literat| for exanple in G een,
"Protective G-oups in Organic thesi s" ALKOhNW T e and Sons, New York
(1981), like for exanple acetal g,pr ketals. 25Fspecially preferred groups P
are CH2=CH 00-0-, CHZ:C(CHB)-OO-b , CH2=CF-00-0-, CH2=CH O-,
(CH2=CH@CH O 00-, (CH2=CH)2CHO0-, 0 0O,/ \ W-IC -CH - and Wor protected
derivatives rgﬂf-:ALﬁwaér%tee ftr%ﬁéﬁiﬁﬂ@érﬂ’fé?éd orBféiab |ﬁr%%.fda|i‘<yrrcarlthe group

consi sti ng of Vi acr fﬁ met’hacr uor oacr

chl oracryl at @'k@sye‘ﬁ/ti'r\ 1éﬁc?%rpc5§ rgbly e, 1 Z/ér@toms@frb%%ﬁ of \”er"’cb?ﬁYleole ylate or
net hacryl at e \@rpppeferably 1 to 9 C atoms, and the dashed line denotes a link to the

ring to which these groups are attached. Especially preferred among these
15 groups are those wherein all ALK subgroups are identical.

_CY'=CY?- is preferably -CH=CH-, -CF=CF- or -CH=C(CN)-.

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

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

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

30 stability.

Preferably the polymerisable or crosslinkable group P is selected from

35 o
7/ N\
CHp=CW'-CO-O-, CH=CW'-CO-, WHC—CH~- O



- 18 - 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), 8380(RONMINIThe spacer group Sp is preferably of pCompradia/osp2s X |
such that P-Sp- is P-Sp'-X -, wherein Sp4s al kylene with up to 30 C atons

which is unsubstituted or nono- or polyslUbstituted by F, C, Br, | or CN,
It being al so possible for one or nore non-adjacent CH2 groups to be

repl aced, in each case independently from one another, by - 100-, -S-,
-NH, -NR-, -SiRRQ_-CO, -000-, -000-, -000- O-, -S-CO, -COS, -CHCH
or -G --EC in sdch>a rranner that 0 and/or S atonms are not |inked directly
to one anot her 2 é%f_lp 000- 000-, -0-000-, - NR-, -NR-
1500, - NR- CO/ LR To], B CWozd@«r CH=eH- CO@M C eehl- - or2s-,
- SCF2-, -CFZ%NH%i w! C@ﬁ?—ﬁF@H -CIFEEN-O- - ¥FHC oCH=CR-

- CY1l=Cy2-, 0 0 nd R are
| ndeperﬁlent I y(cgff’g%% ?FéH (Sl' &E%I‘%\H)?@ﬁ Stégtg %g‘ »and Y1 and
Y2are i ndepen(cdH-mgﬂ%{ﬁHﬁadiC@t HO-CW - CHSeCWEMW ZEW2N$ F@@‘\N?\aﬁl y -0-,
-S, 0) SCF2-
Gbae . RO R= GGG ON RS 0" CRRERH: (@C%gpr (el Gtcr. |
- CY1= =CY2-, GCH—@H-aI'@@@,I-eO&bhdand WHAPWESiH, with-\W peirg H: EYCECHE: or a
single bond. & a?'@@‘*f’f Aly] th s e i odlchig 1/ Chet é“a%VgWZZa"E’b' 0.’
Typi cal 1Qr ou%@’ '"Qu' ege@,de@ &%P@Chﬂé@‘lﬂ'ﬁ ©r alkyt M’ibdl-mﬁ@ o -
CH2CH2- S- mzcwmcorarmaﬂaf Nt FR -BropgT, Wt SVREREM® belte dep BRiSHy
i nt eger from2fto 12 gt?elna%iq mteg i Pr’QJr t%‘lg g% ndv%ﬁ Gawng
the meanings ©f %crp 31{518\/ I§y or oxa onya ylwi to 5 C-atoms an

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

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

15 groups L as defined above, k4, k; and ks being independently of each
other O or 1, k3 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-CO-0-, CH,=C(CHz3)-CO-0O-,

CH,=CF-CO-0-, CH>=CH-O-~, (CH;=CH),CH-O-CO-, (CH,=CH),CH-O-,
O

° 2%
/ N\
W?*HC —CH-— 2 (CH,)y4-

and W O', or protected derivatives
thereof. Further preferred groups P are selected from the group consisting

0
3 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.



Preferred groups Sp' are ethylene, propylene, butyl ene, pentylene,

hexyl ene, heptyl ene, octyl ene, nonyl ene, decyl ene, undecyl ene, dodecyl ene,
oct adecylwoep12awbsibeneoxyet hyl ene, net hyl eneoxybut yl ene PCT/EP2011/002928

et hyl ene-t hi oet hyl ene, et hyl ene- N-net hyl ;4 m noet hyl ene, 1- 5net hyl al kyl ene,
et henyl ene, propenyl ene and butenyl ene 'f])$ “exanpl e. The pol yners contai ni ng
units of formula |, especially those of fornula IIl, are preferably
selected of formula Illa 10R6-[(V).-(Ar)yjn-R6l1la wherein U, Ar, n, x and

h h ' 4L : V. ] ly of

Yach ot hor onahe fétf Spdc2t Biodo' ibhnplitohidtaf ot Sl SRERENGIIREY 1,

-CH2Cl, - CHO, SparekRewn todhr qediRary egpert eae.g- BRIRAPP. Biiemn) 131)) |,

-B(OH) 2, or %@é%%@?fﬂ?hé sBa@efdgﬁm@sﬁ i9pre¥efdoneef fomb®y BPLR kucRsatR » K
WS 6

]
and R'' have énéj gntky ofh each other one of” the nmeanings of R given in
formula I, - R-A-RYN§FI"R' may al so forma 20ring together with
the het®ro atomto which they are attached. In the polyners according to

the the presegt, inventi | pu f repeating upits,n, is
preferably 5, §bery pr ef %&A‘B’?'eﬁiwﬁﬁﬁ%i_]" g&g 3&%? i’)’ﬂg%' 'Sé%étfg?té.tf‘jgerdam y up to
500, very preferably upmonoi o0polyswbstitufadebyFabl,yBr2bopCN ith«€ing alsacl udi ng
any conbi nation of the : I ﬂ;éqi NG | i\m frQ. The
pol ynmers of the present@%@ﬁggﬁgﬁgm e oorﬁggjgi:izﬂngc:)};zgﬁ%dﬁisofé)’,o %mers, i ke
statistical or random c@RRSAkIR caghcapnNdargndepty fioer eng@anthasi bk

copol ymegs, as well as gomg-nayHonNR hesmIR™BLock gspol yuarte- machor

exanpl e conprise or consj s f.0 0, e bl ocks formed by units of
formula | and one or nore ‘Eﬁ'@&(s[}ﬁgr%gegly%iqu&mg- INSEFRBMAPNGGLS one of

t he meani ngs as descri bihat &band/caBlaltbieammnot IMRed directly to one another,
2012/ 003919PCT/ EP2011/ 002928 - 20 - Anot her aspect of the invention relates

to nmononers of fornmula |a R5-U R6la
X is -O-, -S-, -CO-, -COO-, -OCO-, -0-COO0-, -CO-NR’-, -NR’-

15 CO-, -NR*-CO-NR™-, -OCHy-, -CH,0-, -SCHy-, -CH,S-, -
CF,0-, -OCF,-, -CF3S-, -SCF-, -CF,CHa-, -CH,CFp-, -
CF,CF,-, -CH=N-, -N=CH-, -N=N-, -CH=CR"-, -CY'=CY?- -
C=C-, -CH=CH-COO-, -OCO-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'andY? are independently of each other H, F, Cl or CN.

25 X' is preferably -O-, -S-, -OCH,-, -CH,0-, -SCHj-, -CH,S-, -CF,0-, -OCF5-,
-CF;,S-, -SCF,- -CH2CHz-, -CF,CH-, -CH,CF,-, -CF,CF,-, -CH=N-, -
N=CH-, -N=N-, -CH=CR’- -CY'=CY?- -C=C- or a single bond, in particular
-0-, -S-, -C=C-, -CY"'=CY% or a single bond. In another preferred
embodiment X' is a group that is able to form a conjugated system, such

30 as -C=C- or -CY'=CY%, or a single bond.

Typical groups Sp' are, for example, -(CHy)p-, -(CH,CH,0)q-CH2CH,-, -

CHyCH,-S-CH,CH,- or -CH2CHp-NH-CH,CHa- or «(SIR°R™-0),-, with p

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



S5wherein Uis a unit of fornula | or selected fromits preferred

subfornul ae or preferred neani ngs as descri bed above and bel ow, and R5 and

R6 have twe 2nez0891gs given in fornula Illa. Especially pcefieeeiedomee

nmononers of formula |la wherein R5 and RG%ar e, 10preferably independently of
|

each other, selected fromthe group coﬁs1' fing of CI, Br, I, O-tosylate,

O-triflate, O-nesylate, O-nonaflate, -S1IMe2F, -Si MeF2, - 0-S0271, -B(QZ2)2
, -CZ3=C(Z23)2, -CE---CH and -Sn(Z4)3, wherein Z1-4 are selected fromthe

group consi stdn d_ar C ' ' I tituted, and
two groups ZZd, rﬁg%;?%ﬁi QWA& aa%y%‘}wlce?‘gr EL‘%’%%*%&Q‘%&%&%‘@EE&Y epeati ng
units of formﬂwleqe,mtylﬁeenmmmﬁasnomyleoende@/lme,amepmlleyﬁers. of formnul a
I11 and 111a IéHe[‘%_cEahféBg_léHé?e? léﬁéﬁc%@eftﬁﬂ@hé,hﬁeﬁ@!ﬁr@@g&gut&léﬁe, of

preferred enbodi nents, inclu |n% fan conbi nat’i.on ther in all
repeating unigtgylenedhipelhyepe; ethylenedraethyt-thinpathyenfodopol ymer of units U
of the §or nulmetHyWiiRylene] @th@hbllern%pfﬁdddig'léﬂ’é &rd Butemylernfor gxasple. t her eby

0

form ng an alternating copol yner units U and Ar of the formula [U- Arin-,

25- Arl is of formula Ila and Ar2 is of formula Ile, Arl is of formula lib
and Ar2 is ofTHepolynzersidont#ning gnitsf offformulad, Ebpecially thogeiaof fofmdlarltul a 11g,

Arl is of fo;géﬁg#ég,gbsﬁl&%dicﬁfﬁ,}‘n?l?lgrmgl allh, 30in formula Ilb, Ilc and

lid, X1 and or mul a I''g and Il h, X1 and X2 are S, in
formula lib, Ilc and Ild, X1 and X2 are Se, 35in fornmula IIf, Ilg and IIh,

X1 and ¥@ ar eRS?(U)L—(Ar?ﬁ,K-Nm allb, Ilc and ljjjd, one of X1 and X2 is S and
the other is Se, - 217- in formula Ilf, Ilg and Ilh, one of X1 and X2 is
S, and the other is Se,

wherein U, Ar, n, x and y have the meanings of formula Ill, and

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

In the polymers according to the the present invention, the total number of
repeating units n is preferably > 5, very preferably > 10, most preferably =
50, and preferably up to 500, very preferably up to 1,000, most preferably

25 up to 2,000, including any combination of the aforementioned lower and
upper limits of n.

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

Block copolymers may for example comprise or consist of one or more

blocks formed by units of formula | and one or more blocks formed by

units Ar, wherein Ar has one of the meanings as described above and
35 below.



in formulalla and Ile Wis S, in formula lla and Ile Wis Se, 5- in
formula Ila and Ile Wis O, in formulalla and Ile Vis N in formula lla
and Ile WD000391X is H 10X is F, Ar is selected fromCI/ER2@hamoene,
t hi ophene- 2, 5-diyl, sel enophene-2, 5- d[§% _thieno[ 3, 2-b] t hi ophene-2, 5-diyl,
t hi eno[ 2, 3- b] t hi ophene-2, 5-di yl, sel enophenol[ 3, 2-b] sel enophene-2, 5-di yl,
sel enopheno[ 2, 3- 15b] sel enophene- 2, 5-di yl,
sel enophenol 3, 2- b] t hi ophene- 2, 5-di yl, sel enopheno[ 2, 3- b] t hi ophene-2, 5-di yl,
benzo[ 1, 2- b: - Lt b (Y - gdi L hi i sel enophene,
di t hi eno[ 3, 2%’?‘5?‘%9%%@?@?@5&@& ’%Ia,tgs 6 fohBhRRE SR fornfuiz 14
4H- cycl opent a[ 2, 1- b: 3, 4- bl di t hi ophene- 2, 6-diyl, carbazole-2,7-diyl,
fluorene-2, 7-@i.yLR® i ndaceno[ 1, 2- b: 5, 6- bl di t hi ophene- 20Q2, 7-di yl,
benzo[ 1",2":4,5;4",5":41,511bi s(silolo[3,2-b:3,2" -blthi ophene)- 2,7-diyl,
phenant hro[ 1, 10,9, 8-c, d, e, f, g] carbazol e-2, 7-di ylI ,
Eenzo% A 1, 3] twhediraldok e dnit ofiformuld tor s¢l2ctedFtealiemadfaral subformdiagl ,

enzo[ 2,1, 310 ' - ~ i ' - - di ybs 56
di fl uor ot hi opﬁgﬂjg?%;)%?gféﬁ%'#é%%segé , 4- f%é/\%egéﬁ(]ﬁge%ag]%ﬁa agﬁizknoxal i ne-
255, 8-di yl, thavenide3naaningsi @yer nctoimeladiiial |
t hi eno[ 3, 4- b] t hi ophene-6, 4-di yl,
3,6-di-thien-2-y|1pyrrolo[3,4-clpyrrole-1,4-dione, or [1,31thigzol o5, 4-
d] [ 1, 31t hi azdrepecialygpreferred premanamars £f donmaatawhaiead?” and fbrase. or
ggl ysubs@i E Ult@@fetrﬁbb“jfiﬂﬁéfbéudmtmoﬂ%:?dﬂlot?ér,@é!@eﬁe@'ﬁfohﬁ\?fé g&b;mpeccﬂ@htb@lt&\évb

- nis a ~ breferaply. a as er er, y_ at..l.eas :
and up to 2, Oég,%rp[?g'gqséﬁe'\?’ gjﬁ%mé%(gg'.me%q?seséng%% - ?@Sd: '&I‘M?E?a‘bl y at
| east 8, 000, @e3@.5" eBEDADL Y -GT @), 0=0HGNE8h(BT)ef whatsliy ZliP ate@ 300, 000,
very preferab ) = il i I | dy: ¢ or nore
groups R4 ar eé%le#{_% gﬁfgbnrﬂiqﬁ? g%&f—ﬁ) é?rr]]&f t@}%{ %Mllla?r{,d ?’I’yg'j ézf%&%ﬂb ogﬁgﬂglfy nor e
groups R4 ar esuhistitednang twenhgrpups Z° may also form a cyclic group.

15

Preferably the repeating units of formula |, and the monomers of formula
la and polymers of formula Il and llla containing them, are selected from
the following list of preferred embodiments, including any combination

thereof:

20 - in all repeating units x is 1 and y is 0, thereby forming a homopolymer
of units U of the formula -[U],-,

- in all repeating units x is 1 and y is 1, thereby forming an alternating
copolymer of units U and Ar of the formula -[U-Ar],-,

25 - Ar'is of formula lla and Ar? is of formula lle,
- Ar'is of formula lib and Af? is of formula lf,
- Ar'is of formula llc and Ar? is of formula lig,
- Ar'is of formula Ild and A% is of formula llh,
30 _ informula Iib, lic and IId, X' and X? are S,
I - informula lif, llg and lih, X' and X2 are S,
- informula llb, lic and Ild, X" and X? are Se,
- in formula Iif, llg and I1h, X' and X are Se,

35
- in formula Ilb, lic and Ild, one of X" and X? is S and the other is Se,



- 22 - Ris primary al kyl, alkoxy or thioalkyl with 1 to 30 C atons,
secondary al kyl, al koxy or thioalkyl with 3 to 30 C atons, or tertiary

al kyl, alwoxyg12z00341bi oal kyl with 4 to 30 C atons, wherei RCII/EPadI1/00192S e
groups one or nore H atons are optionally, replaced by F, Ris aryl,

het eroaryl, aryloxy or heteroaryl oxy, eath of which is optionally alkyl ated
or al koxylated and has 4 to 30 ring atons, Ris -COR -00-0-R, or
-OCOR very preferably -CORY or -COO R, wherein RY is straight-chain,

branched or CyGh A, WyHhay] r0oG 1834 8% 5| AntRhEBIRIS, G, Tor e

non- adj acent C atons are’ I ona repl aced - 00-0-,

-0-00-, -0-00Q-Qp« om@@‘%a@iﬂlle\ﬁﬁssc' and in Wmch one or nore H atons are
optlonally repl ace or CN, or RY is aryl, aryloxy,

het er oaryl or. hﬁtf@rrnqaéyla)gyd n@wwig Se,to 30 ring atons that I s unsubstituted
or substituted by one or nore 15non-aromatic groups Rl as defined in

formul 1, RYihsopnuladrayand kielWwstdy, 1 to 30 C atons, very preferably with
1 to 15 C atons, secondary alkyl with 3 to 30 C atons, or tertiary al kyl
with 4 to 30 -Ciatformsylaviteeard hleiViisaN|, t hese groups one or nore H atons are
optionally replaced by F, 20 RY is -(CH2)0- CRaRbRc, wherein o is 0, 1, 2,
3, 4 or 5, veerﬁ@@Wdﬁdlﬁ gng llelVég Cpl, and Ra, Rb and Rc are |ndependently
of each other Cl- ClZ al kyl, very preferably Cl1-C8-al kyl, which is
optionally subst it U ed by one or nore F atons, and wherei n optionally one
of Ra, fv and R H, 25RY is aryl, heteroaryl, aryl oxy or heteroaryl oxy,
each of V\/m ch i '%Etlonal |y al kyl at ed or al koxylated and has 4 to 30 ri ng

&1 Cro- ai Kyl e SEEded gio 44 BhET R, PG sRs 7 STk S P ERPEBRIPaT or
al koxycar bonyl diyk thigneo[3,230]thiophens;2, btuiyleihiermi?2, 3eb]topkee-2{ Hdylar e
Qptional ly, 1 eb agibgHeriols B RBRABANBALS 5 Y1 SRS} e- R and RS are
15 b]selenophene-2,5-diyl, selenopheno[3,2-b]thiophene-2,5- -diyl,
selenopheno|f2,3-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'-
dsilole-5,5-diyl, 4H-cyclopenta[2,1-b:3,4-b’]dithiophene-2,6-diyl,
carbazole-2,7-diyl, fluorene-2,7-diyl, indaceno[1,2-b:5,6-b"|dithiophene-
20 2,7-diyl, benzo[1",2":4,5;4" 5":4' 5']bis(silolo[3,2-b:3',2'-b'Ithiophene)-
2,7-diyl, phenanthro[1,10,9,8-c,d,e,f,g]carbazole-2,7-diyl,
benzo[2,1,3]thiadiazole-4,7-diyl, benzo[2,1,3]selenadiazole-4,7-diyl,
benzo[2,1,3]Joxadiazole-4,7-diyl, 2H-benzotriazole-4,7-diyl, 3,4-
difluorothiophene-2,5-diyl, thieno[3,4-b]pyrazine-2,5-diyl, quinoxaline-
25 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,

all of which are unsubstituted, or mono- or polysubstituted, preferably
with R, R' or R” as defined above and below,

30 - nis atleast 5, preferably at least 10, very preferably at least 50, and up
to 2,000, preferably up to 500.
- Mw is at least 5,000, preferably at least 8,000, very preferably at least
10,000, and preferably up to 300,000, very preferably up to 100,000,
35 - in formula lib, llc and Iid, one or more groups R* are different from H,

in formula IIf, 1lg and IIh, one or more groups R* are different from H,



35 R4 is H WO 2012/003919PCT/ EP2011/ 002928 - 23 - R2, R3 and R4, when

being different fromH, are selected from strai ght-chain al kyl, al koxy and
t hi oal kylweai2ote/03410 20 C at ons, wherein one or nore H arPomEPasig/oaes onal |y
replaced by F, R2, R3 and R4, when bein ifferent fromH, are selected

from branched al kyl, al koxy and thioal Ky4“wmth 3 to 20 C atons, wherein one
or nore H atons are optionally replaced by F, which is preferably secondary
al kyl', al koxy or thioalkyl with 3 to 20 C atons, or tertiary alkyl, alkoxy

oo o711 4 e Sy S5 R ot AR B8 DS L TR, 20

bei ng di f f er entalkyloalkiexy ar éhisalkybwitd X too3 Gratbmshet ertiaryalkylaalkory yr and

1oL e" QY] ox Y RGNttt 30 SRIMEBhIIFIroH R tbups KREAAR 2 oS

4 to 30 ring atons are se ece rom
_CHECH2 - 15 Silratemsare aptiongiirreplaesd by F,- B(ORL) (OR'), -B(OH) 2, P- Sp,

Cl- C20ap kyl, Cl1-C20- ko 0-al k C20-1| uoroal kyl and
optional Iy subsRii$@ dh%t?%a’gf Q%Pé}‘ Baﬁﬁferowi% gagh O Whighhig R are as
defined in for npptiordig,alkyRéteainst mmaedmr@fmwlwsond@o@mdwtly of each
other, selected fromthe group consisting of d, Br, 1, O-tosylate,

O-triflate, O nRdy FaOeR’, OC(Br@‘rﬁUyJ at €©)-CBRVe2éTy prSﬂeMaEl?z -CAORS@2ZCO-0B( Oz2) 2

o CE=A2) 2. o0 ath RO G MRS EhrEhed chehet i irgrg pe o oup

consi sting of al bei'n |onal tit'e d two
groups 8 my aa@msammmpiwae.qs neereuen- aélla?epfr@f%‘{b@ﬁléyem@ﬂwy one or

more of R RL, Rpiaddy pRAoand. RE@engbes-o- egnt ars0DILe RIQ—BR% or -
Preferred pol yner& of forrwl alll are Sﬁ| ‘ected of fornula 111
and in which one or more H atoms are optionally replaced by F,
Cl, Br, l or CN, or RY is aryl, aryloxy, heteroaryl or heteroaryloxy having
4 to 30 ring atoms that is unsubstituted or substituted by one or more

15 non-aromatic groups R' as defined in formula 1,

- RYis primary alkyl with 1 to 30 C atoms, very preferably with 1to 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,

20 - RYis -(CHy),-CR?R°R®, wherein 0 is 0, 1, 2, 3, 4 or 5, very preferably 0,

1 or 2, and R?, R® and R® are independently of each other C4-Cq2-alkyl,
very preferably C1-Cg-alkyl, which is optionally substituted by one or
more F atoms, and wherein optionally one of R? R® and R is H,

25 - RYis aryl, heteroaryl, aryloxy or heteroaryloxy, each of which is
optionally alkylated or alkoxylated and has 4 to 30 ring atoms,

- R*is alkyl with 1 to 15 C atoms,

- R%and R” are selected from H or C-C1g-alkyl,

30 - R'is alkyl, alkoxy, alkylcarbonyl, alkylcarbonyloxy or alkoxycarbonyl
with 1 to 30 C atoms, wherein one or more H atoms are optionally
replaced by F,

- R?and R® have the same meaning,
- R?and R® are different from H,

35
- R*isH,



. % , Ar x ?, y_n. 35 - 24 - formula | and Il or one of the
preferred neani ngs given above and bel ow. Further preferred polyners of
formul a IwWD2arxo3gbect ed of fornula 1111la 5R5-chai n- R61PCTaPMIg0EI8 " chai n”
is a polynmer chain of fornmula 1111, and 5 and R6 have the neani ngs given
in formula Ila or one of the preferred rfeahi ngs gi ven above and bel ow.

- R% R® and R*, when being different from H, are selected from straight-
chain alkyl, alkoxy and thioalkyl with 1 to 20 C atoms, wherein one or
more H atoms are optionally replaced by F,

- R?% R®and R*, when being different from H, are selected from branched

5 alkyl, alkoxy and thioalkyl with 3 to 20 C atoms, wherein one or more H
atoms are optionally replaced by F, which is preferably secondary alkyl,
alkoxy or thioalkyl with 3 to 20 C atoms, or tertiary alkyl, alkoxy or
thioalkyl with 4 to 20 C atoms, wherein in all the aforementioned groups

10 one or more H atoms are optionally replaced by F,

- R? R® and R4, when being different from H, are selected from aryl,
heteroaryl, aryloxy and heteroaryloxy, each of which is optionally
alkylated or alkoxylated and has 4 to 30 ring atoms,

- R%and R® are selected from H, halogen, -CH,CI, -CHO, -CH=CH, -
15 SiIR'R"R"™, -SnR'R"R™ -BR'R", -B(OR')(OR"), -B(OH),, P-Sp, C1-C2¢-
alkyl, C4-Cgp-alkoxy, C,-Cyp-alkenyl, C4-Cyo-fluoroalkyl and optionally
substituted aryl or heteroaryl, wherein R', R" and R™ are as defined in
formula lla,

- R%and R® are, preferably independently of each other, selected from
the group consisting of Cl, Br, I, O-tosylate, O-triflate, O-mesylate, O-
nonaflate, -SiMe,F, -SiMeF,, -0-S0,Z", -B(0Z?), , -CZ3=C(Z*),, -C=CH
and -Sn(Z*);, wherein 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, very preferably from Br,

20

25
- one ormore of R, R', R%, R®, R* and R denotes or contains a group P-Sp-.

Preferred polymers of formula Il are selected of formula II11

R
30

X/S

*\HAH /S\ Arz")f’{'Ar\)ﬂ'n\*

wherein R, X, R%, R%, Ar', A’ Ar, x, y and n have the meanings given in

1

35



10 The polynmers of the present invention can be synthesized according to or
in anal ogy to nethods that are known to the skilled person and are

descri bedwOreot2m®391pt er at ure. O her met hods of preparati eoTEeR01bO1%2Ken from
t he exanpl es. For exanple, they can be jtably prepared by aryl- 15aryl
coupling reactions, such as Yamanoto cc')?;‘hng, Suzuki coupling, Stille
coupling, Sonogashira coupling, Heck coupling or Buchwal d coupling. Suzuki

coupling and Yamanoto coupling are especially preferred. 20The nononers

whi ch | ised tqf its .of the pol b
or epar e acodblTHE ¢ et fbRE ot Fus BRTE e BgdiBs hEpERal Ll AR Ty ¢ ne

art. Preferably the polynmers are prepared from nononers of fornula
la or its 25 j h OMy.4 ,ANOt her
aspect of tha SHIRE L POV loriinsih AR e GGl oL g

one or nore identical or different nononeric units of formula! or nononers
of formpl a | ajM:KAinEREN ot her and/ qfjqwi th one or nore 30conpnoners in a
pol ynmeri sation reaction, preferably in an aryl-aryl coupling reaction.

Sui tabl e and preferred conobnoners are those of the formula - 25 - wherein

Ar, R5 and Réwherimschiah'l isealpalyenar.chalir of formeth et Bad<RY ard RSlhaverthsat i on

are those | eading. t = C-co j r..C | i |, ke Suzuki.
pol yreri sat i Orn,eag@g§£\é?%l @egﬂb{é’?g Q%gﬁgﬁ”g @ﬁ”@@f%{{ﬁgﬁ%@%”ﬁ}g@%{ o]
pol yneri sat i cahowgsani@belovbed in for exanple in T. Yamanoto et al., Progress

in Polypgr Science 1993, 17, 1153-1205 or in WO 2004/022626 Al, and Stifle

coupling. For_exanple, when synthesizing a |linear Rolymer by Yamanoto
pol yneri sat i ohfe RENGREIELTARe BERRNHRETHIBB 2 HRE PWiheRiser ésePrdjeg faPr de
groups is preheifbyy tseéthdethat are known to the skilled person and are

described in the literature. Other methods of preparation can be taken
from the examples. For example, they can be suitably prepared by aryl-

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

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

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

Another aspect of the invention is a process for preparing a polymer by
coupling one or more identical or different monomeric units of formula | or
monomers of formula la with each other and/or with one or more

30 comonomers in a polymerisation reaction, preferably in an aryi-aryl
coupling reaction.

Suitable and preferred comonomers are those of the formula

35 RE-Ar-R®



10synt hesi zing a linear polynmer by Suzuki polynerisation, preferably a
nononmer as descri bed above is used wherein at |east one reactive group is a
bor oni c awoDdovoobmponi ¢ aci d derivative group.. Suzuki peCymrPeéizadisen my be
used to prepare honopol ynmers as wel | aszﬁfstatistical, alternating and

bl ock random copol yners. Statistical or 9f ock copol yners can be prepared
for exanple fromthe above nononers of fornmula | a wherein one of the
reactive groups is halogen and the other reactive group is a boronic acid
or boronic acid derivatsve gteoup._ The.s hesis of statistical, alternating
and bl ock codﬁﬁ?ﬁ%?@“f% agggii?é%?ﬁﬂegﬁ%gég?ﬁafor exanpl e i n WD 03/ 048225
A2 or WD 2005/014688 A2. Suzuki polynerisation enploys a Pd(0) conplex or a

PA(11) salt. BIeigLq ‘ﬁﬁ’etﬁggg %rﬁ@cg?@_%ﬁg\étié\f]‘éré fh%%% el??éleﬁgbriﬁ Ca-b-&ﬁ.gﬁlfnpod}e

phosphi ne |igand such as - not her pre osphi ne’ and is
tris(ortho- 26tNcpUplimddikEi Plezukii pelymeiisation a9 depprétad fos @xpapie n ‘é\&Pts

i nc:c udes Sa! | agbhlgsegs,ei(aﬁﬁmétoq;ogﬁﬁéﬁ%ﬁ)&, a§ld?é$:éhb§@|ir)/f8?réx§ﬂiﬂl@ﬁh TS

erformed in the presenc a base, for example i e, .

Dot 89St um pholBRANIIGEtah. Brodlies o TEeCRRCE dB8del fof TiAToPOS AT i

gar. ?ingt egoYaWOO“msz rAtadricb8tikerpbaylinga Fivr e@ampleywiesn syrthesizingp! e
is(1,5- cych . nat | ns as
descri bed abgéhﬁg%te@@&ﬁ‘?é)}/oﬂ%@ga&gkf’ h@l? %ﬂ%ﬁéo%f%ﬁeﬁg%ghcﬂés%ggﬁﬁerei n Z1
i s as descri bakbebbaeng Paptreagtive halidmgiospsds peeferablieaseddMyeoups are

tosyl at ¢g ”E.S%Q/rﬁﬁ@s@m@érihéif%chm%fbgs&@k;] pHihictisafin AiFeictaB d, pol yner s of

the present invention~are 1] rated 1 n the synthesis schenes shown bel ow.
Therein, R and@OoRIMeS 35 esarbedyabgvedsiuspdiwhelpinatleagienataactive gsewhe) or

5C00CH2m i (Rsd BélonicXatid drieirenialdaid Hefvative ghoup. pr ef erably an int eger
froml to 20, Yis B(OR )2, Sn(R1)3 or ZnBr, and Ar and R are as defined

in formula I'll and Illa. Schene 1: Synthesis of
4, 6- di - t hi oph8nzikiydolyrheesati3 vhaly|tehisgrhtngrepare homopolymers as well as
15 statistical, alternating and block random copolymers. Statistical or block

copolymers can be prepared for example from the above monomers of

formula la wherein one of the reactive groups is halogen and the other

reactive group is a boronic acid or boronic acid derivative group. The

synthesis of statistical, alternating and block copolymers is described in
20 detail for example in WO 03/048225 A2 or WO 2005/014688 A2.

Suzuki polymerisation employs a Pd(0) complex or a Pd(ll) salt. Preferred
Pd(0) complexes are those bearing at least one phosphine ligand such as
Pd(Ph3P)4. Another preferred phosphine ligand is tris(ortho-

25 tolyl)phosphine, i.e. Pd(o-Tol)s. Preferred Pd(ll) salts include palladium
acetate, i.e. Pd(OAc),. Suzuki polymerisation is performed in the presence
of a base, for example sodium carbonate, potassium phosphate or an
organic base such as tetraethylammonium carbonate. Yamamoto
polymerisation employs a Ni(0) complex, for example bis(1,5-

30 cyclooctadienyl) nickel(0).

As alternatives to halogens as described above, leaving groups of formula
-0-80,Z" can be used wherein Z' is as described above. Particular
examples of such leaving groups are tosylate, mesylate and triflate.

35

Especially suitable and preferred synthesis methods of the repeating



10 25Schene 2: Synthesis of alternating co-polyners of

4, 6-di -t hi ophen-2-yl - thieno(3,4-blthiophene 35Y = B(OR )2 or Sn(R)3
The novelwoebteasoiof prepari ng nononmers and pol yners asPdegeeeleo2s 27 -
above and bel ow are anot her aspect of t i nvention. The pol yners according

to the present invention can also be us&® in m xtures or pol yner bl ends,
for exanple together with nononeric 5conpounds or together with other

pol ymers havi ng charge- transport sem conducti ng, el ectri caI |'y conducti ng,
phot oconduct i ng _and/ or ttin em conductin or for
exanpl e with lﬁ%‘ﬁym"h%'\% H8 y@e&s%éih quﬁeng'rygpﬁgﬁ rﬁt}dppopertl es
for use as inthesyafhesis scherhas gaohindudowg | ayers in O_ED deV| ces. Thus,

anot her aspect of the 10invention relates to a polyner blend conprising one
or nore polyners according to the present invention and one or nmore further

pol yners haviThereite Roanddt ds sreferabliib enitent (dkgl GPEptkiieketoniedse bl ends
can be fprepar ngl fé%ﬁ et F | or art and
known to the (E%Olw L \e/?(g%tﬁ? ?B%&F{% &er;){ aﬁﬁg?ﬁé@ré@z‘%n it e'r h each
150t her or di 5‘§Bl1vté’d2 Q) d206 A ) Lﬁl%ﬁsasc‘?ﬁﬂﬂeﬁ’e'ﬂ.

Anot her aspedbrffilatiieandMention relates to a fornul ati on conprising one or
nore polyners, mxtures or pol nyer blends as descri bed above and bel ow and

one or nore organic solvents. 20
Scheme 1: Synthesis of 4,6-di-thiophen-2-yl-thieno[3,4-b]thiophene

10

15

20

25 Scheme 2: Synthesis of alternating co-polymers of 4.6-di-thiophen-2-yl-
thieno[3.4-blthiophene

30

35 Y = B(OR'); or Sn(R")3

The novel methods of preparing monomers and polymers as described



Preferred solvents are aliphatic hydrocarbons, chlorinated hydrocarbons,
aromati ¢ hydrocarbons, ketones, ethers and m xtures thereof. Additional
sol vent s wbi2etz/mwan9be used include 1, 2 4-trimet hyl benzeR€T/EP2@1,1802928
tetramet hyl benzene, pentyl benzene, ;é | ene, cunene, cynene, 25

cycl ohexyl benzene, diethyl benzene, tetr decalin, 2,6-1utidine,
2-fluorom xyl ene, 3-fluoro-o-xylene, 2-chl orobenzot rifluoride,

di et hyl f or mam de, 2-chl oro-6fl uorotol uene, 2-fluoroanisole, anisole,

3071 uor o- nieAgt Al o5t S8 BB HePes el HHRBRINSR & et nyi ani sol e,

;
nmet hyl ani sol e, 4-fl uoro- 3- nethylanlsole 2- 30fl uorobenzonitrile,

t
I gor over at gk, &o@rﬁe;%' W&ﬂnﬁ%%ﬁé gm?s%nt M&?ﬁ@h%‘){.\é& bl fsed in

f
, 5-di net hyl ani's yl ani enzon
. 5-di met hyl aRbdYres onpalyaieneRdsa fen ewplettﬁgethséwszan@nomeﬂpuoro 3, 5-

i met hoBybenzesg oﬂmaebhydgaﬁét With&teer JNzlymeyha\Yh %hlaﬁbélﬁaﬁ
fl uorobenzotrifl uoride uor i oposane

St 11 vor onebRmidEting Sackialy Bansd F\gpPBB&CPGQU&%éP%/PébgM di ne.
t ol uene, 2- flammnglseameonmadtlngopmbertmt brfdrtﬂxam:tﬂe\ABmfﬂxblwn@t@huﬁhg 4- -

- | -

G111 uor orof nongleR68thg o 5o FhidtingMBbENRS fofthd HRUE ARG 51 °

chl or of | uor ob@fﬁa@@d’b@lﬂ@llwétfﬁIm@kﬂﬁd%w& Thuslanother, dspedt bf ther obenzene,
4-chl or 9fl uor pRENGEA Pelatdy Rfé"b%lﬁﬁé'laoleﬁd cé%ﬁn@lrﬁ&#@e?ﬁ{b@% olymer,

2-chl or of | uor obenzene, R [ ene ene or m xture of o-, m,
and p-i somer s3ceYAGNOLNG; rﬁs‘?'étl 'QY?RP@WaW)W”E(Wé?‘PTWUEF‘SV pelyareis| y

preferred. FOhamﬁdeﬁe o inbte agtr@éfy@rd-memnbhedmpedspémeéImesreetmeﬂa@bblhes and
sol vent m xtu r.ef err

d.,. F Ik db ik
xyl ene and tof) ép%rle tB’r%? ei'né'&ngﬁﬁ'e%&q?pn Ctl?%iaEﬁgd§§?5 ewog%ﬁff edI ©
sol vent s i ncl koewnwp te akilled piersan. diypicdilly the polyetdrarage niixed ity @agit hane,
O e Y0P 1A or VR, ANGIEBRE ol €8 Wi b AtraBHEn. MO POt 1 ne,

t ol uene, o-xylene, mXxylene | OXane, ace
nmet hyl et hyl ket one, 1, 2- 15d|chloroethane 1,1,1-trichl oroet hane,

6 o o a1 SeRencor O ragat s o i B g o o

i y xid |

decal i ne, indHIf¥€ P,?g{rﬂ fiS: \é?ég'%%ﬁ ar p%mﬁﬂr%&%ﬁﬁ esw&a%@%a%aplﬂw

m xt ures theranf onéfﬁ'rheomm@mr apliventsof the polyners in the solution is
prefera?Py 0.1 to 10% by weight, nore preferably 0.5 to 5% by wei ght.

Opti ona the solution also conprises one or nore binders to adjust the
r heol ogi cal pPogferredesolverts aes aliphatic fiysroeardwops echiariviied (64 0EBARs Al .

aromatic hydrocarbons, ketones, ethers and mixtures thereof. Additional
solvents which can be used include 1,2 4-trimethylbenzene, 1,2,3 4-
tetramethyl benzene, pentylbenzene, mesitylene, cumene, cymene,

25 cyclohexylbenzene, diethylbenzene, tetralin, decalin, 2,6-lutidine, 2-fluoro-
m-xylene, 3-fluoro-o-xylene, 2-chlorobenzotrifluoride, dimethylformamide,
2-chloro-6fluorotoluene, 2-fluoroanisole, anisole, 2,3-dimethyipyrazine, 4-
fluoroanisole, 3-fluoroanisole, 3-trifluoro-methylanisole, 2-methylanisole,
phenetol, 4-methylanisole, 3-methylanisole, 4-fluoro-3-methylanisole, 2-

30 fluorobenzonitrile, 4-fluoroveratrol, 2,6-dimethylanisole, 3-
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,

35 trifluoromethoxybenzene, 4-fluorobenzotrifluoride, 3-fluoropyridine,
toluene, 2-fluorotoluene, 2-fluorobenzotrifluoride, 3-fluorotoluene, 4-

3-
3-
4-
2
3
di



25After the appropriate m xing and agei ng, solutions are evaluated as one
of the follow ng categories: conplete solution, borderline solution or
i nsol ubl ewOBhe/@e®our line is drawn to outline the sol BbirlEPRY11/002928
par anet er - hydrogen bonding limts divi dﬁ solubility and insolubility.

" Conpl ete' solvents falling within the ubility area can be chosen from
literature 30val ues such as published in "Crow ey, J.D., Teague, G S. Jr
and Lowe, J.W Jr., Journal of Paint Technol ogy, 38, No 496, 296 (1966)"

Sol t bl end | I bed i

o et O B BT RE MRS B Bt LR MG descry bed

p9- 10, 1986" dI&mbtdum@cbﬁblOéOJr?a?-dllfbmob@zeﬂel erfthasbpynitbne, 3ol vent s t hat
will dissol VenirBALrdothzBAky SRborBiubdbeRL ERE chigrgtd.on. al though it is

desirable to have at | east one true solvent in a - 29 - The
pol yners accdliiiorgbenzens 4raOsMUGrahanzens: chiniobgrRZeENSe Sdused i n patt er ned

OBC | ayers "HléﬁIQrdBéHz@ﬂé a&mm@ﬂuomnabﬂ@epa behpwleﬁ@roaw@he@tlons in
nodern m croel e t |cs aﬁgenera ly desira

structures orfm r% frb PRYY REEOTEET- %?%tsd@ rceé%t/"t’f?}? E“b?@é’f'ty %rﬁd power
consunpti on. g%atetralﬂwpmjemédtﬁommkps;@natmg)sph/estsmltla hpyH poiingaccording to

Lhe present \MROLLOP.CAN WA ROV brd DlereMaTTGr O BgHRL ! £ Nogr aphy.

el ectron bea e as in layers in
el ectronic oralwletﬁcﬁmeiﬂﬁél Ilk@amlman%éolp@nqm prefeakdner bl ends or

formul afg ons of the present invention nmay be deposited by any suitable

met hod. Liquid coatin c% of de I ces_i1s nore desi r@ge t han vacuum deposition

t echni ques. JefaNPles USSHSCH Mr?r?r@frl?go%ol‘éﬁrés AViReY figtitdtieRd. The
fornul ations d:iéhlbhﬁn@trmntnohwfemethan@rrabhecmbmbb!ﬁtzaﬁeocs a nunber of

liquid [ f d h I d h

i mitatton,  dnghBESTREe: IR0 Bl SRR o PO RINR 1. deniERess "o
printing, scrreexyigne, m—xyignedbét-djoxarh@.ctme&m |mgthy}e®|hYIbetopel hiZ-ng,
reversersol | SicRbtdthafe, ?,ﬁfﬁﬁ’fch'lér‘o@ fRIRPRY. I féwa@moréémégarém | C

printing, web printing, spray coating coatin brinting.
| nk-j et 20pr |aﬁatat§ |nsb'1!iéi'r@‘FQ,tatealdl"VeﬂWgPHP?@dﬂ%éj'W?”ﬁﬂ'qmm!ﬂ%h resol ution

| ayers and d%’hfe@ﬁyl&@lf&@d@rt@ﬁar@él de%%'llﬁétlﬁdaﬁ@ﬁﬁéﬂ%ﬂ beRso&k, by Present
i nvention may be a g ied to d? ric tedtﬁiewge substrates by ink jet
printing or n*i"%'ﬁﬂ# §||t3ﬂ§n ARdToT mixtLres thereo

20 The concentration of the polymers in the solution is preferably 0.1 to 10%
by weight, more preferably 0.5 to 5% by weight. Optionally, the solution
also comprises one or more binders to adjust the rheological properties,
as described for example in WO 2005/055248 A1.

25 After the appropriate mixing and ageing, solutions are evaluated as one of
the following categories: complete solution, borderline solution or
insoluble. The contour line is drawn to outline the solubility parameter-
hydrogen bonding limits dividing solubility and insolubility. ‘Complete’
solvents falling within the solubility area can be chosen from literature

30 values such as published in "Crowley, J.D., Teague, G.S. Jr and Lowe,
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, p9-10, 1986".
Such a procedure may lead to a blend of ‘non’ solvents that will dissolve

35 both the polymers of the present invention, although it is desirable to have
at least one true solvent in a blend.



25Preferably industrial piezoelectric print heads such as but not l[imted
to those supplied by Aprion, Hitachi-Koki, InkJet Technol ogy, On Target
Technol ogyQ 2Pi200pEP, Spectra, Trident, Xaar may be usedPCo/ERp@iipo1oe

organi ¢ sem conductor |layer to a substraje. Additionally sem -industri al
heads such as those manufactured by Brot9er, Epson, Konica, Seiko

30l nstrunents Toshi ba TEC or single nozzle mcrodi spensers such as those
produced by M crodrop and M crofab nmay be used. In order to be applied by
ink jet printing or mcrodispensing, the polymers should be first dissolved
in a suitable solvent. Solvents nust fulfil the 35requirenments stated above
and nust not Tfm/pobnprdacpbrdéng@ﬂm peasendimvehtior kes @tspbé nseddad.

Addi tional ly,

2012/ 003919PER M%‘T?%%Q&M 'Hg%@fjg%gé & d%bP% 8}69’ fRgLeton- For o
preferably >idgdcatons Ub‘ﬁ“O@@rbe'éQWe%ﬁ?é‘l'% IS Q%n%?%ﬂéﬁﬁatﬁﬁﬁ%ed by the

sol uti e dr y'g{kﬁwé?ﬂfe $iall @Erubfl&e@lb'r @bttbmdo réﬂ@éé cbsidraeiesdaspmis met honed
above, suitab

rgj;ents i ncl ude ﬁ‘? 33 fi‘?j af[}g gon substituted xyl ene
derivatives, YPACEM BPWGT COPHYHB auqBYE PUPESAEAT FERR'SIBE A t ut ed
ani sol es and ;ﬁdlhﬁér pbeowaing & ther pesehtaventon camlbetoarm@duhﬁirezxaa}fﬂé es such

as substitut razl rsid A
substituted a dgﬁéer?ﬂ%% RY tég%étﬁﬁﬁipglg%&li%%i%% & ke egggmn'g ot her
fluorinated or chlorinated aromatics. 10A preferred solvent for depositing

a pol ympg accesdididad ‘{’mh hﬁy&%‘?ﬁ @féctu‘dﬁY@Brt &18Btr8Yp t'id%if dbGiced rthé‘bbﬁ/ﬂnér@”pr I ses

a benzene derivative wh O{g enz eri substi.tuted nor e
substituents WE‘F@W'Q% @ ﬁ"ﬁ'ﬁ’ﬁéro [t}?e Efffs%@ﬁ"ﬁ’te@ﬁ%né‘?ﬁih e @deposited or ror e
SUESEI tutenéI S b;fﬂﬁy slirable rbtterl. Liquid esating efdéhee@gnﬁarwdégram@?p]a«e may be
substituted w ou in either case
there being af@GW4d eB @énég#mﬁu%?é@uﬁ%n EE{)%%/ 'O'g R%diaf?/ent enabl es an
ink jet fluidespedalyfpreferded othe famuiations of dhe present idventionpsiapheethe whi ch
reducesqgr prﬁé’eeBEF% %'n?c?&'d’fgn ﬁ.d &@ﬁadﬁ%ﬁh@ﬂ@eﬁeﬁﬁfé&%ggfgg #Bﬁ conmponent s

during spr ayi ng may I'nclu ose se romthe
fol l owing Ii slecbol%lﬁsé&@Hﬁﬁe‘Q”t Quideriatine, dimeoating, spin coating, ink jet

1- et hyl - 4- t epfintiig Yétﬂ#%@@@prhﬁh@'é@@én Ipnﬁﬁﬁ@rm)ctorstgdué%atmgefrdnéﬂol ene,
cynene, diet hgl benzene. The, s that is a
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devices to be prepared.

Selected formulations of the present invention may be applied to
prefabricated device substrates by ink jet printing or microdispensing.

25 Preferably industrial piezoelectric print heads such as but not limited to
those supplied by Aprion, Hitachi-Koki, InkJet Technology, On Target
Technology, Picojet, Spectra, Trident, Xaar may be used to apply the
organic semiconductor layer to a substrate. Additionally semi-industrial
heads such as those manufactured by Brother, Epson, Konica, Seiko

30 Instruments Toshiba TEC or single nozzle microdispensers such as those
produced by Microdrop and Microfab may be used.

In order to be applied by ink jet printing or microdispensing, the polymers
should be first dissolved in a suitable solvent. Solvents must fulfil the

35 requirements stated above and must not have any detrimental effect on
the chosen print head. Additionally, solvents should have boiling points



conpound) preferably has a viscosity at 20C of 1-100 nPas, nore preferably
1-50 nmPas and nost preferably 1-30 nPas. 30 The polyners or fornul ations
accor di ngvoaotm3ppesent invention can additionally compCraEP2@nmomes nor e
further conponents or additives sel ect eg%(ior for exanple from
surface-active conpounds, lubricating a wetting agents, dispersing
agent s, hydrophobi ng agents, adhesive agents, flow 35i rrprovers, def oam ng
agents, deaerators, diluents which may be reactive or
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light mtting rraterlal tica ectroop
el ect r ol uni neldshiste B+ %‘H&?@IW PR-suhstittatofRMe detvatiuesi dieS iAW hese

devi ces5 the pphRRaS, @dbsttm@eﬂraeﬁen@nisnbgﬂhtémaﬁé@lefsxé@idcathbvpﬁ@ﬁblted as
thin layers or films i nvention a ovi des the use

of the semi coﬁmeéﬁﬂgaé%ﬁ%,ﬁaPs g AR S R R e

el ect rogi ¢ depyraginethpyfimidinestpyroliinories, sskstitatedaarid gdin-ﬁubsﬂntyted I
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may be used, for e orm of a sem con
Accordlngly, in another 15aspect, the present invention provides a

ser condgt i ng drakefed 86 Uelor 0eBBsAhEel BOPive: detbiing 14 fhel EERCOTPY ] ST N0

a polyner, polyner ble formul ati on accord ntion

| ayer or fil mn¥aptior bVé%'Slectiﬁ’é‘rﬁ‘t'%é’@m%@eﬁl%P%’F?seneli‘éﬁ”‘(ﬁé'ﬁ’ﬁdﬂﬁ'c'éI a8ta oni ¢
devi ce appl i coéhgarse nh@eubmml@ww oﬁéwrbﬁoﬂeeﬁﬂashhmht@hméfreﬁtﬁé%taﬂ thick.

he | be.d 20ex L
devi co. by anpueper Rocawslatels SnBiaRr Srdn bR sy tuith et Rgst
techni ques. Ttiweenvenexampledthe benmnqd@mv:anvdgeayabeemmstmmm withevi ce
conprishgg a gmr%”?hupﬁ@ HrEe nlﬂaltﬁ?lggl §n|fH|é?tElePEa§’é ffgrg 3?@ gpnducting

| ayer 25accor resent |on Speci a L7 €8 tevi ces
are three carbon atoms in total. Such a solvent enables an mk Jet fluid to be
formed comprising the solvent with the polymer, which reduces or
prevents clogging of the jets and separation of the components during
spraying. The solvent(s) may include those selected from the following list
20 of examples: dodecylbenzene, 1-methyl-4-tert-butylbenzene, terpineol
limonene, isodurene, terpinolene, cymene, diethylbenzene. The solvent
may be a solvent mixture, that is a combination of two or more solvents,
each solvent preferably having a boiling point >100°C, more preferably
>140°C. Such solvent(s) also enhance film formation in the layer
25 deposited and reduce defects in the layer.

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.

30
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

35 improvers, defoaming agents, deaerators, diluents which may be reactive or



OFETs, TFTs, 1Cs, logic circuits, capacitors, RFID tags, OLEDs, OLETs,
OPEDs, OPVs, solar cells, |laser diodes, photoconductors, photodetectors,

el ect r ophwOagr2apbdie devi ces, el ectrophot ographi ¢ recor diPol/EPemil®ex?28 or gani C
menory devi ces, sensor devices, charge &tection | ayers, Schottky 30di odes,
pl anarising |layers, antistatic filnms, cohducting substrates and conducting
patterns. Especially preferred electronic device are OFETs, OLEDs and OPV
devices, in particul ar bul k heteroj unct i on (BHJ) OPV devices. In an OFET,
35f or exarrpl e, the E%Ct ve . emc n {ﬁrchann betv¥% n the drain ﬁmd
source may cIITERF Wﬁeapﬁvgpe%fco[%gap &XEP Oh Pigigeny o?%‘“@ﬁnﬁag IZEP: an
- 32 - OLED deatiagpmrtities otlivatnibidorishol e or el ectron) injection or transport

| ayer may conprise the |layer of the invention. For use in OPV devices the
pol ymer according to the present invention is 5Spreferably used in a

fornul ati on tHee pebimersassosdingdathe pessembinveptien arebsgfut assharge

essentigl |y Qf'anééﬂfrv s@hq&&ﬁ&bétmgeé@dﬁ%angldbnebcwg Qyﬁo\(@&r(o@}cﬁﬁaro@n Plpnor)
sem conductor and an n- té &’Z gtron ac sem conduct or. g
IR P Fa r

seni conduct ormi@”%(@?%t?f'? SIRAAP ic 'c@ HPR: € CFW&WBV@%'E‘
i nvention. cstotlmaesemtmﬂpcm@ttscbamieb&eanlnhﬂesé@regmsctnmp@wn@rs such as

zi nc oxide or dmu r rla such.as a fullerene
derivate, for® grﬂﬂeﬁ r?tdngé' @%’sﬁ% !:\%ﬁi 83 TH?Yerésqrgpmaeri vati zed
nmet hano C60 f uI | erene, al so known as PCBM or "C60PCBM', as disclosed for
exanpl eqgn G nce
1995, Vo BP{HS tﬂ?fggge?t‘]i dnt!?}*a{\jlyﬁéﬁﬂwgﬁgﬁﬁhﬁ?éﬁg]esw%@glu%&or an
structural anW'Mg'tﬁ'jsp‘éMﬁ‘&B fermlation gr e inpn @lesieonis dayicecfo®cBny) , or
a pol ymer (Sef%)nfn@'lat@hafﬁﬁ %eQDs’éﬁ 8Y a High Moty shR{RehiRfuctiNg rPateFRem Mater.
2004, 16, 45332 25 30
rlous dewces and apparatus. The formulation may be used, for example,
in the form of a semiconducting layer or film. Accordingly, in another
15 aspect, the present invention provides a semiconducting layer for use in an
electronic device, the layer comprising a polymer, polymer blend or
formulation according to the invention. The layer or film may be less than
about 30 microns. For various electronic device applications, the thickness
may be less than about 1 micron thick. The layer may be deposited, for
20 example on a part of an electronic device, by any of the aforementioned
solution coating or printing techniques.

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

25 according to the present invention. Especially preferred devices are
OFETs, TFTs, ICs, logic circuits, capacitors, RFID tags, OLEDs, OLETs,
OPEDs, OPVs, solar cells, laser diodes, photoconductors, photodetectors,
electrophotographic devices, electrophotographic recording devices,
organic memory devices, sensor devices, charge injection layers, Schottky

30 diodes, planarising layers, antistatic films, conducting substrates and
conducting patterns.

Especially preferred electronic device are OFETs, OLEDs and OPV

devices, in particular bulk heterojunction (BHJ) OPV devices. In an OFET,
35 for example, the active semiconductor channel between the drain and

source may comprise the layer of the invention. As another example, in an



35 C60PCBM A preferred material of this type is a blend or m xture of a
pol ymer according to the present invention with a C60 or C70 full erene or
nodi fi ed Wol2bevmwsE9l i ke PCBM Preferably the ratio pol ymer/Hradlioomoe i s
from2:1 to 1:2 by weight, nore preferalt#% from1.2:1 to 1:1.2 by weight,
nost preferably 1:1 by weight. For the nded m xture, an optional
anneal i ng step may be necessary to optim ze bl end norpohol ogy and
consequent|ly OPV device performance. - 33 - [see e.g. Wil dauf et al.
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(for exanpl e comerisg theslayrr @§thgxinuentieny) , and a high work function
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(al so referred to as gyrve Ia conprising a hole transporting
material and 29 é& @ ‘E"?‘éiﬁ%?) ﬂlgnr%ta@ppramg I decprepept '@&ﬁ@mre& from
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m xture of p- F?r)?é?fg dcc?{rs[@ﬁees&g %!Yn%fur\f?grpre SPRVRXASIFIX Oht BEYRRCt i on
(BHJ) (see fo(rela:tmrpdm@@aleh&gondﬂctd)ﬂamhdnhvbt@pbe(eecbfonlaccébmr) Mat er. 2004,
16, 4533 '
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ng\/_or kfunct i omeﬂiye@@terctmr(vaamjzed angthano 0y, adleraree, |eﬂs/0?kné\ﬂr3)a,s mmglow de anh
ohm c contact, fo ctro evr accor ing to the
invention is a Fﬁ:ﬁe\&t C@R}O%@r ce&%ﬁﬁg %ﬁ%’ﬁ sl‘legjp Hg\mkel?ﬁngtr on

el ectrode (21\Vudioh. Jek@egbe Scigncall 995 u¢0l. 2¢0gp! Hj89 ﬁmdrdd”ramrggrthmr K

functi opsel eC%ﬁ@&lare( Ehdwh fb%'ioﬁxé}{% &ru&@?al a‘ﬁ%f% usnSEb Mtﬁ'ésiaé ent, a
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20

A preferred material of this type is a blend or mixture of a polymer
30 according to the present invention with a Cgq or Cq 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
35 OPV device performance.

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



30 selected from OSC materials, situated between the el ectrodes (21, 22);
the active |ayer can exist for exanple as a bilayer or two distinct |ayers
or bl end WO 2ni2qose1e of p-type and n-type sem conduct or, PCOmPROIg/0029BH], an
optional conducting polyner |ayer (24), 3f r exanple conprising a blend of
PEDOT: PSS, situated between the active’l §'er (23) and the 35l ow work
function electrode (21) to provide an ohmc contact for electrons, - 34 -
- an optional coating (25) (for exanple of TiQ ) on the side of the high

wor Kt o Bk RAd M AABRL IR 6 YR By, B ov 0 o

i nvention the p-type and n-type sem conductor nmaterials are preferably

selected fro d?@fe‘? j N\ dé f: , as
descri bed ab%gglf th'reéol.gdi)m/ Jéére\hiégtac%:éﬁ%ﬂg%;?{lﬂedg%ﬁlﬁé%ﬁ ﬁ% I'ng step may

be necessary t @ ¥ Werk BINglion &letee exagiria reetabsied a% or mul at i on
and | ayer of thgupirsa)tarida éigh worlefunctibs elestiddele) {fer exampleTam), OFET as

t he sem conduct '@%ﬁ@ﬁ%ﬁ%éﬁ%ﬁgkl ngly, the invention also provides an

OFET conpri si ng° h insulating (or gate insulator) |ayer,
a source el ect robyer §13r(@igo rfered dalas 18cthv lagey gampcdisimgna holeduct i ng
channel connectyj gor,]fn i in ani c
sem conduct i ng ttﬂ%r?ne i?gtgﬁglgé;{hagﬁ %’é&ﬁr&n%%r&%&?ﬁ@r}g iﬁ%%’gé' P%eﬁﬁumlgi&?i on or

organi ¢ seni corffleeteddram fePC dealsrigisa§ituatedetyees éhe elasiodesdil, 1@her

featurep) of thaneRflivangyerddn &NsWar bRampRs 8s fé'ﬂiiagéﬂoiﬂvé BRtiALL laygd OFETS
where an OSC nmaterial is .a{ran?gggas a thb/n fil m between fgﬂgate gl electric

and a drain and®'P'8Rd L BNKIULE O Pe 2nd NyRE SEMIGORABRAT. Ingr&bHscri bed
for exanpl e i n RéefuBir2dBHJ)USeb 808 Hhgdle Ciiakiey 2B, IA94nantcGahddiau.

references cit bﬂehﬁ%g’tgfkﬂﬂﬂj% ﬁﬁg%bon. Due to the 25advant ages, |ike
. . |

| ow cost production using the solubi properties of the conpounds
accordi ng to 4 han pptienalicondasting Rolymerdayerdddy Jobekampleotorhprigisgsur f aces,

f [ i i I ; i ed ci itry, TFT
preferregl appligahy RpPedorhess (F&J& gré%hﬂéﬁ@m@%{ﬁpg\%%% ed circuitry

di spl ays and security ap Ilcatlﬁﬁns_. 30The gate _ d drain el ectrodes
and the i nsul atPly(shgneewieatal csifuried Rebveemthenactiverayere(iidl anddhe be
arrangeddi]p anymg&wn(f@mclztwmélbgﬂddéhﬁ%]), t&moﬁlcfwtlﬁ@@ﬂfm@iohhcﬁltﬁétrode are
separated fromt. ate electro the i.nsul ating | ayer, t ate
el ectrode and trﬂgﬁg‘gq{f(gﬁﬂﬁ{?&%lgcﬁggép Bquﬁdecaﬂtoi‘E’ﬂ'gtcﬁqucﬁg?ﬂ %‘ﬁ?%g | ayer,
and t he sour ce an optional coating (15) (for example of LiF) on the side of the low

20 workfunction electrode (11) facing the active layer (13), to provide an

ohmic contact for electrons.

A second preferred OPV device according to the invention is an inverted
OPV device and comprises:

25 - alow work function electrode (21) (for example a metal, such as gold),
and a high work function electrode (22) (for example ITO), one of which
is transparent,

- alayer (23) (also referred to as "active layer") comprising a hole
transporting material and an electron transporting material, preferably

30 selected from OSC materials, situated between the electrodes (21,22);
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 BHJ,

- an optional conducting polymer layer (24), for example comprising a
blend of PEDOT:PSS, situated between the active layer (23) and the

35 low work function electrode (21) to provide an ohmic contact for
electrons,



35el ectrode and the drain el ectrode both contact the sem conducting |ayer.
- 35 - An OFET device according to the present invention preferably

conpri seswoO 2012908918e el ectrode, a drain electrode, a garTEpredienvetie, 5- a
sem conducting |l ayer, one or nore gat eé{zgsul ator layers, optionally a
substrate. wherei n the senm conductor |ayer preferably conprises a
pol ymer, polynmer 10blend or fornul ati on as descri bed above and bel ow. The
OFET device can be a top gate device or a bottom gate device. Suitable

truct d f ' =T devi th
Ski 1 Ted in ¢ e 4 oufEh foaaTEbT 8 KB DL &Y i€ Rp e D & T us
2007/ 0102696 Alworkfiundjignceleelsodie(2?) fraiparthe astive idyey (23)te penideran

f1 uoropol yner, Jdke &rilactifdenergrercially available Cytop 809Mr) or Cytop
107Mr) (from Asahi d ass). Preferably the gate insulator layer is

deposited, e.g. by spin-coating, 20doctor blading, wire bar coating, spray
or di p §oating the CrRVelevideaver thetgresknt ifivarisvdriomthaty-§petrphitpiearg an

(' uor osol vertesycopRifor Aipdial e et alsr etk ielinicd 3G Hempisrals, TRe” * O
per f | uor osol vteetpdlgmer/fulleFSYS Syste(rmy asideiscabéd aboverlb the bitdyar igae nunber
12380). O her L t.abl a: : VY r own in

pri or)art, I i%é”@%ﬁ'éxg’yﬁlﬁjghpﬁgh%?)uﬂ? Séﬁilén%gégﬁfe}lﬂﬁﬁﬁﬁ?rdﬁév 00 or 2400
(f r om DuPont )p&sformanseopel (r) (from Cytoni x) or the perfluorosol vent FC
43(r) (fgros, No. 12377). Especially preferred are organic dielectric

ga'(t)eri al s hav_'hgggg | ow Be m ttli Vi tg é&r (}Ilg ectrri C contaHt afrg .01. Oto
.0, very pre Mpoupgnformliaigrhand gyer of e Piaseat Inyestion g alsosc| osed
for exanpl e isuitdBle A Us@lin2G6DOFET as the semiconducting channel. Accordingly,
the invention also provides an OFET comprising a gate electrode, an
insulating (or gate insulator) layer, a source electrode, a drain electrode
15 and an organic semiconducting channel connecting the source and drain
electrodes, wherein the organic semiconducting channel comprises a
polymer, polymer blend, formulation or organic semiconducting layer
according to the present invention. Other features of the OFET are well
known to those skilled in the art.
20
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
25 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.

30 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

35 electrode and the drain electrode both contact the semiconducting layer.



Al or US 7,095,044. In security applications, OFETs and other devices with
sem conducting materials according to the present invention, |ike

transi st owe 20r2/@Bodes, can 35be used for RF1D tags or seCUmPRy11/82928 ngs t o
aut henti cate and prevent counterfeiting docunents of value |ike
banknotes, credit cards or ID - 36 - card$, national |ID docunents,

| i censes or any product with nonetry value, |ike stanps, tickets, shares,

cheques etc.. Alternatively, the materials according to the invention can

be used in 5 Q. ;. 8S t i rial.in flat . panel

di spl ay appl %gm%ﬁ ,&H}C%a%é%ggﬁ‘l%i ta\éﬁ eg>fr é%'ﬁ?(%\f”e%@ﬁ eB%féBﬁaCy" | rls(s%%e_ g. a
liquid crystal agospieaglectodon OLEDs are realized using nultil ayer
structures. Anefhindlofrddyer is generally sandwi ched between one or nore
el ectron-transport and/ or hole-transport |ayers. By applying an electric
vol t age 10el et@ 95t elgols es as char ge carriers nove towards the em ssion
| ayer where thgiseniesaddutingtiager, | eads to the excitation and hence

| um nescence of the Ium)iqr}or. ur]itiqs’cont ained in the em ssion |layer. The

i nventive conpBUR&S M UGHF FATLA ' s may be enpl oyed in one or more of
t he charge traoptandllylaagebstrated/ or in the em ssion | ayer, corresponding to
15their electrical and/ or optical properties. Furthernore their use within
the emi ssion |layer is especially advantageous, if the conpounds, materials
and films accohereig the semicontlusian lavespieiprablycearopiisasa soymerppolystari es

themsel y@s or pAARSri fofMAIa86h 2 deadiBRaHove fdPSelBly. COMPounds. The
sel ection, characterization as well as the processing of suitable

20mononeric, oligoneric and polynmeric conpounds or naterials for the use in
OLEDs is geneThklQFkTidenideycan bemsiop gute ldeeiteiar 4 bettemtgats gevice. 9.

Phys. . 55, oSt kS dhd bl Reals dfen RERS fevBg A80r i ng 10
anot her use, khewndo ¢ akijed vt thelangndaredesciibedin thenljtestpesgifad |y t hose

show ngqghot oLy HA0s RoIPeidlas Ay be enpl oyed as materials of |ight
sour ces, e.g.leyﬁiln re:pl ay 23;;\” ces, as described in EP 0 889 350 Al or by C

Weder et al., Science, 279, 1998, 835-837. 30A further aspect of the
i nvention rel Fhegyat@ifeldtor REeppiraterdsly abmpricds agfidrepdlyfler! i@ €gnunds

B O oo sl Sk 9B 3 SR L it BT 1
conduct i vi ty. Piéfesabipthegate insulatorpiager is depositeaosgdbpapinscoddimigt abl e
dopant s gnd MR 8P| Rling! Wird BaP St Wbrdyof BB Gativg' dristhdfddifn
methods, from a formulation comprising an insulator material and one or
more solvents with one or more fluoro atoms (fluorosolvents), preferably a
perfluorosolvent. A suitable perfluorosolvent is e.g. FC75® (available from
Acros, catalogue number 12380). Other suitable fluoropolymers and
25 fluorosolvents are known in prior art, like for example the
perfluoropolymers Teflon AF® 1600 or 2400 (from DuPont) or Fluoropel®
(from Cytonix) or the perfluorosolvent FC 43® (Acros, No. 12377).
Especially preferred are organic dielectric materials having a low
permittivity (or dielectric contant) from 1.0 to 5.0, very preferably from 1.8
30 to 4.0 (“low k materials”), as disclosed for example in US 2007/0102696
A1 or US 7,095,044.

In security applications, OFETs and other devices with semiconducting

materials according to the present invention, like transistors or diodes, can
35 be used for RFID tags or security markings to authenticate and prevent

counterfeiting of documents of value like banknotes, credit cards or ID



35art, e.g. fromEP 0 528 662, US 5,198, 153 or WD 96121659. - 37 - The
dopi ng process typically inplies treatnent of the sem conductor nateri al

wi th an owOcdatzaege1or reduci ng agent in a redox reacti onPCo/HPoeutioo®R®Ccal i sed
ionic centres in the material, with the rrespondi ng counterions derived
fromthe applied dopants. Suitable doping nethods 5conprise for exanple
exposure to a doping vapor in the atnospheric pressure or at a reduced
pressure, electrochem cal doping in a solution containing a dopant,

bringing a dg ' | L con ter] e
Cher mal Py “di 1P G ghaf i @ELmiérls. teBise B S RHEI W b8y, VoIS
sem conduct orlikeet@mipal tickeds\phares| ehaqusssetare used as carriers, suitable
dopants are for exanple hal ogens (e.g., 12, Cl2, Br2, ICl, I1Cl13, IBr and
IF), Lewis acid e.d.,. PF5 ,AsF5, SbE5, BF3, BCI3, SbhCl5, BBr3 and SO3),
pr Z)t oni \(,:VI Zci d%lgesraéﬁ\éeﬂycthgdpage,na& AgCRAB9LG; the invenjion qan bejased jiog, HZS)O4,
Fo(CL04) 3, Fard Oacn] oA T e oy pae Pl e~ s,
e , Fe(4-. - , . . acCl 5,

VoS, bl 5. ARblcaeRs o secoackyolt 6} 4 nafhend iy ke BN 2T sRs" an ons
(e.g., d-, Riisplay, CogmomSEDs 8@ pealizedaisingantutiayeBRAruCtUPES- ANASF6- |
SbF6-, Fe i ' | I ' Lds, C ryl-S03-).
Uhen 20hal oo SnssicENgyEEis e SahaiEnsd belledn e ot mat ettt ey, .
H+, Li, Na+, transprstang{prdole-teansgprt layars) By @eplying an elegric kotg@e and Cs),
B e T o R

, - r , ,.La : :
Eu, acetyl chdﬂh%'g%ﬁlflﬁé?om}qag'oﬁﬁea&tw ﬁ‘@r%t)a:ﬂope%gﬁq@qeslu%n%quegr oup) ,
25| (I;’As (R fs gfithellltybpbooupits camiairédSn th& ensissiondayerl The dyyntivéhe |
conducting fo e v.ent i o sed as an
organic " ?ret a#%ﬁéu%&&glrﬁ%gﬁlgg%ﬁ ﬁ@%&%%gﬂe %ﬁ]@i%}g{a 'ﬁi%}rﬁet%d%?gé, gﬁﬁ%‘ rge
i nj ection | ay@rasgatansportjayeraransd/eg in tgeemissiorOaer, soplespantliogdo 30fi | ns
for flajspaneheflicobipys Y drdptibabsiopshtes. FkthakAbiLthkir uSe withihthed

conductive substrates, gatterns or tracts in electronic applications such
as printed ci®BISSIOHBYRLS SIREIJYWRGY@RTageous, iThe copRasdasmaterials

formul ations aes At agcdrding® thedsesntionnsiw elsetramidtatént gropetiesabl e for
use in or ganlt% %llﬁa?rmn-em tt'i”%e%ngs .&@E%'Dﬂ) as _descri beddf th exanple in
Kol l er et al . eRRRUNE PRt BRI 'Y PO6P? oups or compounas. ihe

selection, characterization as well as the processing of suitable

20 monomeric, oligomeric and polymeric compounds or materials for the use

in OLEDs is generally known by a person skilled in the art, see, e.g.,

Meerholz, Synthetic Materials, 111-112, 2000, 31-34, Alcala, J. Appl.

Phys., 88, 2000, 7124-7128 and the literature cited therein.

25 According to another use, the materials according to this invention,
especially those showing photoluminescent properties, may be employed
as materials of light sources, e.g. in display devices, as described in EP 0
889 350 A1 or by C. Weder et al., Science, 279, 1998, 835-837.

30 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
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

35 art, e.g. from EP 0 528 662, US 5,198,153 or WO 96/21659.



- 38 - online Septenber 28, 2008). According to another use, the materials
according to the present invention can be used al one or together with other
mat er i al sworrovooas9al i gnnent 5l ayers in LCD or OLED devipcegpr2@s/oom®3gr i bed
for exanple in US 2003/0021913. The useﬁ charge transport conpounds
according to the present invention can’i‘ictease the electrical conductivity
of the alignnent |ayer. When used in an LCD, this increased el ectrical
conductivity can reduce adverse residual dc effects in the switchable LCD

|1 d 10 f. CDs,
educe the r REPRaIPEEsS M BdBles NS SR g SrERitEISht ancous
pol ari sat i on roatarigéwith amexwd@tmgeqreedumng Bgent W redmeractiomto @rEfD devi ce
conpri si ng aedc?' hs%@i‘l&ﬁi'crlfbdﬁﬁsqwtﬁé nPét@Yéﬂﬁﬁ'tﬂ%E%o?@%p@{w ﬂpmant | ayer,

this increas ectrical cond uc | Vit can ance rol um nescence

of the Iight qunﬁgermdaffpm emp ARRANS Hitabie dpPiapdnakesisdi ng to

the preFent 'dbfﬁﬁﬁéé)fbr@wnﬁ}gem@%fé ’@) @Hobin@Wafbo‘irryﬁ{eaéﬂnhé@Hérn@pe” ies can
formoriented anisotro are efgem ally

LoeT U he il RIRRRTE PoBA eyt AR S0RT Elerr BTG gitRicta in %, St 5
crystal nedi woraioirgladopant lwagingaidopant pitc cbntant withehewseenicanduaecor di ng

to 20the prei’ﬁgter&\’&% tﬁ@rrﬂaﬁﬁl élll‘fﬁge@earﬁ?m H'goq% bﬂoR%ﬂ%ﬁ?ﬁ?ﬁt ﬁfobl €

conpounds an ores use or a oal'ign ayers
descri bed |ntbsszmmeﬁo@@mgﬂsﬁﬂﬁﬁ@brd|ng to another use the materials
accordifg to the present invention, 25especially their mater sol ubl e
derivatives (for exanple MAthggglar or ionic side groups) lonjcally

doped forns, WhenRleghonsdeused aRcRTes. SWipble §06?nﬁ$eﬁrerf%%am6&e det ecti ng
and di scr| m RilbganONAGS AFLCIRRS, ICHITT, UBPandik) desas bbed (6qy. BRANPI e in L.

Ch D. W W) Wi tt

Cror, & W 1Bl B e, Soflatanieg, el el ien,
Heeger, F. R|amdslcammln@a@ds%gari-llé,richAHNO&Hléﬁjéx,,H@IﬂchSlﬂaH and\cad Sci .
U S A 02,

Lakow cf° Lang%ofm 6”8'55985"'%%32?“8"3""5 I\/€§J FfiCh Fe@ETUPIOAL )

Swager, Chem FeEvCH2660:SQg, TigZrChgHfClsgNbEs, d‘ﬂb@heTﬁﬁbanfferMQ@are to
be construed gg . petIURY anbde rCIngMhéveird DA B aNshthhRSidY &rfidns (e.g., CI,

Br, I, I3, HSOy,, S0.%, NOs, ClO4, BF ., PFg, AsFg, SbFg, FeCly,

Fe(CN)e3‘, and anions of various sulfonic acids, such as aryl-SO3’). When
20 holes are used as carriers, examples of dopants are cations (e.g., H", Li",

Na®, K*, Rb" and Cs"), alkali metals (e.g., Li, Na, K, Rb, and Cs), alkaline-

earth metals (e.g., Ca, Sr, and Ba), O,, XeOF,, (NO;") (SbFg), (NO,")

(SbClg), (NO,") (BF4), AgCIO4, HalrClg, La(NO3)3 - 6H,0, FSO,00S0,F,

Eu, acetylcholine, R«N”, (R is an alkyl group), RsP" (R is an alkyl group),
25 ReAs’ (R is an alkyl group), and R3S™ (R is an alkyl group).

The conducting form of the compounds of the present invention can be
used as an organic "metal" in applications including, but not limited to,
charge injection layers and ITO planarising layers in OLED applications,

30 films for flat panel displays and touch screens, antistatic films, printed
conductive substrates, patterns or tracts in electronic applications such as
printed circuit boards and condensers.

The compounds and formulations according to the present invention amy
35 also be suitable for use in organic plasmon-emitting diodes (OPEDs), as
described for example in Koller et al., Nature Photonics 2008 (published



Thr oughout the description and clains of this specification, the words
5"conprise” and "contain" and variations of the words, for exanple
"conpri siwgQ20ey3digonpri ses”, nmean "includi ng but not | iPeirtEPdO2928Nd ar e

not intended to (and do not) exclude ot conponents. It will be
appreciated that variations to the forégol ng enbodi nents of the 10i nvention
can be made while still falling within the scope of the invention. Each

feature disclosed in this speci fication, unless stated otherw se, may be

repl aced by alnth rﬁr\%%gtg&be?a%u e_rvi ng the sane, equivalent or simlar

pur pose. Thus ‘W se, each feature disclosed is one
exanpl e only of a generic series of equi valent or simlar features. 15 All

of the featurgsqlisg 'teﬁ\%thé'r 44y thé mehagaédceru.ngﬁfo hﬁaf 5fsz=,§ghﬂﬁf¢ehﬂoﬁny

conbi nati on, ‘except ~co ati ons where at | east tures
and/ or steps W%ﬁﬁ@l@'%%%?% her withy ofar imatgrials, Itk @siligngiedd f eat ur es
of the § nventhgsrsahe GIPRY IOLED elevives| bs depetied v etxaﬂmlélweasl on and nmay be

20used in an Li ke at ures, descri essenti al

conbi nat i onsymggﬁé@nré-bep'zﬁ%mtf’ﬁar@ﬁgtfaqwomﬂ%%”%n?ccqra tPsﬂS‘

appreci at ed tgrasentinyentiorn ben firaease thelelectridaédomdmtivity pathe ahgranényt of the
referred e | Ve d I ust as

Bart of an gqnggéd'l rre't‘?n “?é§ y %ﬁ'erés%h?“éi ﬁ\(/:?e&fsed ¢l éé%n@%%ﬁ{?ﬁ/ rRec!t ion may

be sought forreaueg@dwgeaameé@uai dggffectoin the Sdi\rltcalab@rkﬁf)lcﬂél angl any i nvention

present{y cl alyBfesd nﬁagélgﬁémhg@rvvolr lexBﬁnWlé)f?l fAASeld I CDsTREfuceahal | by

SRR Hiw e el e
351- (4, 6- Di - té¢hpgb@itize fkrddibetnio LT st Whéhusph énad-QUED Aetideytorhpriging 1- one
a light emitting material provided onto the alignment layer, this increased
electrical conductivity can enhance the electroluminescence of the light
15 emitting material. The compounds or materials according to the present
_invention having mesogenic or liquid crystalline properties can form
oriented anisotropic films as described above, which are especially useful
as alignment layers to induce or enhance alignment in a liquid crystal
medium provided onto said anisotropic film. The materials according to
20 the present invention may also be combined with photoisomerisable
compounds and/or chromophores for use in or as photoalignment layers,
as described in US 2003/0021913.

According to another use the materials according to the present invention,

25 especially their water-soluble derivatives (for example with polar or ionic
side groups) or ionically doped forms, can be employed as chemical
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.

30 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;
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.

35

Unless the context clearly indicates otherwise, as used herein plural forms
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1- (4, 6-Di brono-thieno[ 3, 4-b] t hi ophen-2-y1)-2-ethyl -hexan-1-one (6.500 g,

15. 32 mMmuow,20tvaobapyl - t hi ophen- 2-yl - st annane (10. 70 cnBpPC3EPZd1100292Y ,
tri(o-tolyl)phosphine (0.373 g, 1.22 mm‘{% t ol uene (180 cnB) and

15di met hyl f or mam de (20 cnB) were added 10" a 3-necked flask. The resulting
m xture was carefully degassed for 30 m nutes before addi ng

tris(di benzylideneacetone)dipal | adiun{0) (0.140 g, 0.153 mmol). The mi xture

was then stirg : 0 ore 3 C and
t he sol vents Qf\gsgqéé%rr&o Sgé'f‘%rreégt?% &\rﬁ%’r“?'fg’l Caastlpgﬁﬁ&g t@‘% %8%,\@&%% ogr aphy
(el uent petrotieaineesteher 40- 60/ di chl or onet hane/ triethyl amine in 50:50:1
ratio) yielded a red oily product, which recrystallised upon standi ng (4.99
g, yield: 76 9. NI\/Rt(lH 300 MHz, CDCl 3) : 67.86 (s, 1H); 38(dd Ji =
4.6 Hz, J2 = Thropghpu mdeﬁcf@ilo(‘rﬁndzwlmszowli&?Cl@qat@nafhe Merdsj2 = 1.2

H, 1H5 7. 1206f’ﬁpr%8) ana “@dntain” drid varidtion8lofthe wiirlls, for 8Rarmple 3H); 1.30 (m
3H): 0.90 (m. 6

6- Bi s- (5- br om%® rlﬁ'ﬂ%r?r? OREESNdTSa0- Beludinghutnet limitedtos: #9 BB an- 1- on

e - 41 - not intended to (and do not) exclude other components.

1- (4, 6-Di -t hi ophen-2-yl -thi eno[ 3, 4- b] t hi ophen- 2-yl ) - 2- et hyl - hexan- 1- one
(3.184 g, 7.393 mol) was dissolved in DVF (35 cnB). Under the protection
of light, NBSt@al Be@pgrediategsthahisanations tadhedoregobigeepbodinaents Bf the

react anjgwas .ﬁbéﬁf&dcéﬁrbe%aabw.résstmrrﬂlnhawwmégcdﬂgeft%%%ehgﬁ;&f 5%

sodi um t hi osul fat? sol utj OE) ﬁe m xture was extracted I nto
di et hyl et her Eagiyf¢atpiedisglosgy 'B&h'ﬁﬁﬁeﬁ Falien. dhvessstated obgrWisgetman eum
et her 40- 60/ db@lf‘é;ﬂlac@@bl]aﬂe’nhatl\@tf@yﬂmésIservm‘igﬂ{b&ﬂné eqivalent ef kpvirg by

recrystalli Zatﬁr%%sénTﬁugedmggsolsta/teé B{h%?w?se ehch g’atﬁ?eodgblo%eglls o'ne80 . NWR

example only of a generic series of equivalent or similar features.

15
All of the features disclosed in this specification may be combined in any
combination, except combinations where at least some of such features
and/or steps are mutually exclusive. In particular, the preferred features of
the invention are applicable to all aspects of the invention and may be

20 used in any combination. Likewise, features described in non-essential
combinations may be used separately (not in combination).

It will be appreciated that many of the features described above,
particularly of the preferred embodiments, are inventive in their own right

25 and not just as part of an embodiment of the present invention.
Independent protection may be sought for these features in addition to or
alternative to any invention presently claimed.

The invention will now be described in more detail by reference to the

30 following examples, which are illustrative only and do not limit the scope of
the invention.

Example 1

35 1-(4.6-Di-thiophen-2-yl-thieno[3,4-blthiophen-2-yl)-2-ethyl-hexan-1-one




10(H, 300 MHz, CDCI3) : 6 7.74 (s, 1H); 7.08 (d, J = 4.0 Hz, 1H; 7.03 (m
2H), 7.38 (d, J =4.0 Hz, 1H; 3.22 (m 1H); 1.81 (m 2H); 1.59 (m 3H);
1.30 (m 88)2012000909(m 6H) Pol y( 2, 644, 8- di oct yl| PoEmro11/022908

4, 5-bl di t hi ophenel -al t-11-{4, 6-Bi s-(5-

15t hi ophen- 2- 0-t hi eno( 3, 4- bl t hi ophen- 2-‘y‘!L9-‘2- et hyl - hexan-1-one) In a 50
cnB round bottom fl ask, 144, 6-bi s-(5-brono-thi ophen-2-yl)-

t hi eno[ 3, 4- b] t hi ophen-2-y1] - 2-et hyl - hexan-1-one (294.2 ng, 0.500 nmmol),
354, 8-di octyl-2, 6-bis-trinethyl stannanyl - benzo[ 1, 2- b; 4, 5- bl di t hi ophene
(370.2 ng, 0.500 mmol ), i s(di benzyl i deneacet one) di pal | adi un{ 0
- ng, 0.005 mmol) and tjri(o-tolyl)phosphine (6.1 ng, 0.020 pl ) were
di ssol ved in degassed | uene (12.0 cnB) and degassed di et hyT f or mam de
(3.0 cnB). The reactién mxture was further degassed angythe reactl on
m xture heated afp 100 [

via Soxhlet extractjon wt h acet one pet r ol eum ether (40 _£°6

chl orof orm and chi®rodenzene. The chloro fractl on{was’r educed to a
smal | er vol une in\vaquo and precipitated thanol . The
preci pitated poly E@z &

. res f+l m%d dri
overnight to %ff dt titl &me
kg.mol-1, Mv 25 3°%Q. nbl-1. E8anpl COA
151- 14, §9Bi s- (3- oct vl -t hi ophen- 2-v1) -t hi effoligné bl t hi ophen-2-y11-2-et hyl - he
xan- 1- one
1-(4,6-Dibromo-thieno[3,4-b]thiophen-2-yl)-2-ethyl-hexan-1-one (6.500 g,
15.32 mmol), tributyl-thiophen-2-yl-stannane (10.70 cm?®, 33.71 mmol),
tri(o-tolyl)phosphine (0.373 g, 1.22 mmol), toluene (180 cm3) and
15 dimethylformamide (20 cm’) were added to a 3-necked flask. The
resulting mixture was carefully degassed for 30 minutes before adding
tris(dibenzylideneacetone)dipalladium(0) (0.140 g, 0.153 mmol). The
mixture was then stirred at 110 °C for 16 hours before been cooling down
to 23 °C and the solvents were removed in vacuo. Purification by column
20 chromatography (eluent petroleum ether 40-60/dichloromethane/
triethylamine in 50:50:1 ratio) yielded a red oily product, which
recrystallised upon standing (4.99 g, yield: 76 %). NMR ('H, 300 MHz,
CDCl3) : 6 7.86 (s, 1H); 7.38 (dd, J; = 4.6 Hz, J, = 1.2 Hz, 1H); 7.32 (m,
2H), 7.38 (dd, J; = 3.4 Hz, J, = 1.2 Hz, 1H); 7.12 (m, 2H); 3.21 (m, 1H);
25 1.81 (m, 2H); 1.59 (m, 3H); 1.30 (m, 3H); 0.90 (m, 6H)

1-[4,6-Bis-(5-bromo-thiophen-2-yl)-thieno[3,4-blthiophen-2-yl]-2-ethyl-
hexan-1-one

30

NBS

35
DMF




20 25 / B Brr

1- (4, 6-Di brono-thieno[ 3, 4-b] thi ophen-2-yl)-2-ethyl -hexan-1-one (6.150 g,

14. 50 mowp 20/08d1ght ed i nto a 500 cnB 3-neck flask andPCha®2011/002928
2-tributyltin3-octyl-thiophene (Chem ter. 2000, 12, 1611-1621) (18.21 g,
31.89 mml ), tri-o-tolyl-phosphine (353, 1.16 mml ), N, Ndi net hyl f or mam de
(18.0 cnB) and toluene (160 cnB) are added. The resulting mxture is
carefully degassed for 10 m nutes before addi ng

tris(di benzylideneacetone)di pal |l adium(0) (133 ng, 0.145 mol). The - 43 -
reaction mxture is heated at 110 C for 16 hours under nitrogen protection
bef or e r enovi h{g BHai-thadphemt-2iyhthiene(d,4-bliibiophade-ph)-@detblyl-haxgnud idneed by

SFTord ared-gr g 3pBIBRIIENES B8 ved BDAF AT Ll R0 ° 00a's) %
7.76 (s, 1H);protesgionef ight 55 (50019 14.65 gompl was addedbin-ene pRftion7. 06 (d,
~(]m: §H)15 Hi Zimémrgacg&’nt(\&‘a%%gﬁe&f& %%miﬂu"ib?s ahdlthehPoutél intd-1®b &iif ofiH) ; 1. 67
144, 6-Bi s- ( 5-%"%0%?6’-2‘%1&%?#1@% %‘ﬂh@‘?ﬂ Q'fb-‘?%i Hirityre,vagiexRsipdinto 1 - o.
10et hyl - hexandigthyhethekSPafification by column chromatography (eluent: petroleum
one (4 000 GhebAasRaRARfomet iR b BT RO KR BER R of man de-
(80 cnB). Undecnistallipatinreipta oretoanolddoluene moixp(ded 20 gNyiekbb80 1bls MR de
(2.065 g9 11.6( BHBIMHESCRREIS 57 9% (¥, 1R0);5N88 R’ J =40 Hz, 1H); 7.03 (m,

2H), 7.38 (d, J = 4.0 Hz, 1H); 3.21 (m, 1H); 1.81 (m, 2H); 1.59 (m, 3H);

1.30 (m, 3H); 0.90 (m, 6H)

Poly(2,6-[4,8-dioctyl-benzo{1.2-b;4.5-bYdithiophene}-alt-[1-{4.6-Bis-(5-
15 thiophen-2-yi)-thieno[3.4-blthiophen-2-yi}-2-ethyl-hexan-1-one)

20 C8H17
/J S
Br Br + (CH,),Sn y/ Sn(CH,),
S
Pd(o-Tol),
Pd,dba, CaHyy
DMF
Toluene
25
30

In a 50 cm® round bottom flask, 1-[4,6-bis-(5-bromo-thiophen-2-yl)-
thieno[3,4-blthiophen-2-yl]-2-ethyl-hexan-1-one (294.2 mg, 0.500 mmol),
35 4 8-dioctyl-2,6-bis-trimethylstannanyl-benzo([1,2-b;4,5-bldithiophene

(370.2 mg, 0.500 mmol), tris(dibenzylideneacetone)dipalladium(0) (4.6



The reactant is stirred for 20 m nutes and then poured into 100 cnB of 5%
sodiumthiosulfate solution with ice. The m xture is extracted by diethyl

et her, drweadomvmsoigodi um sul fate and vacuum down. The cPUUEPRIIOMIXILS | S
purified several tinmes by columm chromat ggraphy usi ng petrol eum 30et her: DCM
(65:35) as eluent to afford a red solid 2:950 g, yield: 59 %. NWR (1H,
300 MHz, CDC13): 6 NWMR (H, 300 MHz, CDCI3) : 67.76 (s, 1H); 7.02 (s, 1H);
6.96 (s, 1H; 3.17 (m 1H); 273(m4H) 165(m8H) 1.24 (m 24 H);

655 (1 120 S e S BSBRA i, 0020 o were

octyl -t hi ophed1$QO|VQ9|Jf2d€Qa%$QWIOJ¢mh12lO )] aﬂdl@@@ﬁsedldbneﬂhiybphene] ) - 44

- Ina 50 CnﬂfoFr%Prﬂdé’% bQﬂ‘h“ TRk, reaction mixture was further degassed and the
144, 6- Bi s- (5-brono-3 oct% -th|

t hi enol 3, 4- b]rteﬁpB%@HX@r f]eaéecggh?@o h@iﬁ%ﬂoaﬂﬁu'@éﬂhe PRYMEr Was5 ol ),
204, 8- Oﬁoctylpl&;f@dabﬁptédumﬁtml natcﬁnmmﬁommé 1D: B, Bitdred- Q]@We%he@phene

(470.5 ny, 0.6355 e id eneacet one al | adi .9
(4705 T co e Bhghin SHAELRALAH SRRSREBLRnRLAL R S TAR)

degassed t ol uje chiboformns)d ahbrmim;medTNemhthrabemmbrfe)fraﬂmrdwaeS 0 CIVB)
The reacti on t heat ed
110 € fo QE.EHH% a%%Hq%HWMHQQH%EQO?a% p%rgggft%f%(a |th1m@tﬁ<§r¥H 28§>m0

net hanol , fi |¢rer)e6r hgrifegiRgatad B@qmﬁﬁwaeﬁ filtered ans&rmdeunc@(twurrbat Wth
acetone1opet rqjggg}ﬁi% b a(fﬂﬁdﬂ@@uﬁé pPe8L& B9 Y, Qe 8Tfg. chl orof orm fracti on
is reduced to a s er ve i acuo _sand preC| pitated into nethanol (200
cnB). The preM”pl med yw £3¥9Irf‘%lr ed and dried under 30vacuumat 25 C
overnight to afford the title product (650 ny, yield 96 %. GPC (140 C,
1,2,4-trichl ogggigéege): M = 40.5 kg.nmoll, Mv = 93.0 kg.npl-1. Exanple 3
35 WD 2012/ /[ EP2011/ 002928 - 45 - ethyl -hexyl ester

15 1-[4,6-Bis-(3-octyl-thiophen-2-yl)-thieno[3.4-bjthiophen-2-yl]-2-ethvl-hexan-

1-one
20
0
2 CgHi;  Pd(o-Tol)s
+ PdZdba3
25 / \ /
Br S Br S Sn(Bu)3 DMF
Toluene
30 1-(4,6-Dibromo-thieno[3,4-b]thiophen-2-yl)-2-ethyl-hexan-1-one (6.150 g,

14.50 mmol) is weighted into a 500 cm® 3-neck flask and then 2-tributyltin-
3-octyl-thiophene (Chem. Mater. 2000, 12, 1611-1621) (18.21 g,
31.89 mmol), tri-o-tolyl-phosphine (353mg, 1.16 mmol), N,N-
dimethylformamide (18.0 cm®) and toluene (160 cm®) are added. The

35 resulting mixture is carefully degassed for 10 minutes before adding
tris(dibenzylideneacetone)dipalladium(0) (133 mg, 0.145 mmol). The



5 15 4, 6-Di brono-t hi eno[ 3, 4- b] t hi ophene- 2-carboxylic acid 2-ethyl - hexyl
ester (4.000 g; 8.806 mml) is weighted into a 250 cnB 3-neck flask and

t hen 2- nwbhunmmmhn-S-octyl-thiophene (Chenl Mat er. 2000CTAEP2011602024621)
(11.063 g; 19.373 mml ), tri-o-tolyl- gﬁphlne (214 nmg; 0.704 mol ), N N
20di net hyl formanmi de (11.0 cnB) and tol Gee” (95 cnB) are added. The
resulting mxture is carefully degassed for 10 m nutes before adding
tris(di benzylideneacet one)di pal | adi um(0) (80.637 ng; 0.088 nmol; 0.010

eq.). The reaclion gist g ﬁ?jaetaaaﬁ&qclo% I SARE B AR ST oy 00"

protection b 1 &RVt
25purified sdeforsl remmrsg selverhincraasioat bgreapds p(gsitat i @umﬂed by

o g}()e_r ﬂﬁvﬁh'( grﬁ%@%rg%‘#@mgg@&%@ @péﬁéneoﬁh é}héﬁe.cﬁro%ﬂ\%ﬂ%e b3 9. Vi a; d:

Hz,
7.32 (d, J =69 H?aquroiage ra(r@e g|| 4?39I-&|;?e"1|r%7 %oy bWIFg&HJBOO 5 3 1y
él—%a ?.&41(2d MHz, EDEINZ,5 26 (s218); 1.86 (4H) = 5.267z, (1R): BH2 (dl J245(nHZz3028 H) ;
m

4, 6- Bi s- (5- br1(5'||907§§){:q y’ fsh?f héh')’ 7399)(dt‘tln 6%8[%2 “_Bj h1 ’eH'é)-; 3—'81
car boxyl i ¢ adqivg 4H)etll6/ (rhe8l); ‘egéém 290188 00392d)./ PCT/ EP2011/ 002928 -
46 -
1-[4 .6-Bis-(5-bromo-3-octyl-thiophen-2-yl)-thieno[3,4-blthiophen-2-yi]-2-
10 ethyl-hexan-1-one

15

20

1-[4,6-Bis-(3-octyl-thiophen-2-yl)-thieno[3,4-b]thiophen-2-yl]-2-ethyl-hexan-
1-one (4.000 g, 6.106 mmol) is dissolved in anhydrous N,N-
dimethylformamide (80 cm®). Under the protection of inert atmosphere, N-

25 bromosuccimide (2.065 g, 11.60 mmol) is added slowly in one portion.
The reactant is stirred for 20 minutes and then poured into 100 cm’ of 5%
sodium thiosulfate solution with ice. The mixture is extracted by diethyl
ether, dried over sodium sulfate and vacuum down. The crude product is
purified several times by column chromatography using petroleum

30 ether:DCM (65:35) as eluent to afford a red solid (2.950 g, yield: 59 %).
NMR ('H, 300 MHz, CDCls): 5 NMR (*H, 300 MHz, CDCl3) : ©7.76 (s, 1H);
7.02 (s, 1H); 6.96 (s, 1H); 3.17 (m, 1H); 2.73 (m, 4H); 1.65 (m, 8H); 1.24
(m, 24 H); 0.85 (m, 12H).

35 Poly(2.6-{4.8-dioctyl-benzo{1.2-b;4.5-bYdithiophene}-alt-5 5'-[4 ,6-bis-(3-
octyl-thiophen-2-yl)-2-(2-ethyl-hexan-1-one)-thieno[3.4-blthiophene])




4, 6-Bi s-(3-octyl -thiophen-2-yl)-thieno[ 3, 4- bl t hi ophene-2-carboxylic acid 2-
15et hyl - hexyl ester (1.350 g; 1.970 nmmol; 1.000 eq.) is dissolved in

anhydr ouswii2bi2diossap hyl f or mam de (40 cnB). Under the proettEPoo1O029%%er t

at nosphere, N-bronosuccim de (0.666 g; % 74 mmol ; 1.90 eq.) is added slowy
in one portion. The reactants are sti rr'eé‘Tor 20 m nutes and then poured
into 50 cnB of 5% sodiumthiosulfate solution with ice. The m xture 20 is
extracted by diethyl ether, dried over sodiumsulfate and vacuum down. The
crude product is purified by colum chromat ography using a m xture of

petrol eum et her and di chl oronet hane (80:20) as eluent to afford a red solid
(1.243 g, yield: 75%. NNR (1H, 300 MHz, CDCI3): 6 NWR (1H, 300 MHz, CDCI 3)
: 6 7.77 (s, 1H); 6.9 5 H), 6.96 (s, 1H); 4.24 (d, J = 255.8 Hz, 2H);
2.72 (m 4H; 1.63 (m BH); (m 28 H; 0.8 (m 12H).

Pol y(2, 644, 8-di octyl - benzo{ 1, 2-b; 4, 5- b} di t hi ophgnel -alt-5,5' 44, 6-bi s-(3-
octyl - ti ophen- 2-v1) - g#nof 3, 4- bl t hi ophene- 2-cat Boxvlic acid 2-et hvl hexyl
esterl) 30 10 1 3 cnB round bott $

4, 6- bi s- (5- bryma 42 A{ Obp eBf- 3-{Hy,Sn Sn(CH,),

t hi eno[ 3, 4- b] t hi dpk -2-calhdxylic acid 2-&hyf¥-hexyl ester (421.5 ny,
0.5000 mmol ), 4, 8- diggt s Z, 6- bi s- t{ri4etyl st angany! - benzo[ 1, 2-b; 4, 5-

20b] di t hi ophene (370°1"ng,” 0. 5000) 193" t 1 j s(di benzyl i deneacet one)

di pal l adiun(0) (2.3 ng, 2.5 pmol) gnd,fLi.(o-tolyl)phosphine (6.1 ng, 20
prol ) af@ di ssolved in degassed tol'uene (312.0 cnB) and degassed

N, N- di met hyl f or mam de (3. 0o . eaction mxture is further degassed
and the reaction mxture heated at 110C for 120 m nutes. The 25pol yner is
purified by precipitation i met hanol, filtered and washed sequentially
via Soxhl et extraction with agetone, petro "eﬂn; ether (40 - 60

15

In a 50 cm® round bottom flask, 1-[4,6-Bis-(5-bromo-3-octyl-thiophen-2-yl)-
thieno[3,4-blthiophen-2-yl}-2-ethyi-hexan-1-one (516.6 mg, 0.6355 mmol),

20 4 8-dioctyl-2,6-bis-trimethylstannanyl-benzo[1,2-b;4,5-bldithiophene
(470.5 mg, 0.6355 mmol), tris(dibenzylideneacetone)dipalladium(0) (2.9
mg, 3.2 ymol) and tri(o-tolyl)phosphine (7.7 mg, 25 pmol) are dissolved in
degassed toluene (12.0 cm3) and degassed N,N-dimethyiformamide (3.0
cm?). The reaction mixture is further degassed and the reaction mixture

25 heated at 110 °C for 120 minutes. The polymer is purified by precipitation
into methanol, filtered and washed sequentially via Soxhlet extraction with
acetone, petroleum ether (40 — 60 °C) and chloroform. The chloroform
fraction is reduced to a smaller volume in vacuo and precipitated into
methanol (200 cm®). The precipitated polymer is filtered and dried under

30 vacuum at 25 °C overnight to afford the title product (650 mg, yield 96 %).
GPC (140 °C, 1,2 4-trichlorobenzene): M, = 40.5 kg.mol’1, My =93.0
kg.mol™.

Example 3

35
4.6-Bis-(3-octyl-thiophen-2-yl)-thieno[3,4-b]thiophene-2-carboxylic acid 2-




C), chloroform and chl orobenzene. The chl orobenzene fraction is reduced to
a smaller volune in vacuo and precipitated into nmethanol (200 cnB). The
preci pi t avecdopalogyrer is filtered and dri ed under vacuumpPat/EP201T0@B% er ni ght
to afford the title product (325 ny, qd59% GPC (140 C,

1,2,4-trichl orobenzene): ©Mh 43. 6 kg rm = 91.6 kg.nol-1. Use Exanple
A - 48 - BH]J _OPV devices are fabricated on ITO gl ass substrates (130/0),
pur chased from LUMIEC cor poration. Substrates are cl eaned using common

sol vent s (acet )1 Ate'?' water) in an ultrasonic bath prior to a

conventi onal %ﬁm%aphy process is carried out to define the bottom
5el ectrodes (anodes). A conducting pol ynmer pol y(ethyl ene di oxythi ophene)
doped with poly(styrene sulfonic acid) [C evios VPAI 4083 (H. C. Starck)] is
mxed on a 1:1 ratio with DL-water. This solution is sonicated f 20
mnutes to ensure 10proper [m xing and filtered using a 0.2 pmfijJter and
then i 5spin coated to a thi
ozone prior to the spin-[{coating process to ensure good wetting properties.
Films are then annealed at 130 C for 30 minutes in an inert
where they are kept for t rest of the process. 15 As photactive materi al
a mxture of the pplyrgr of Exanple 2 or 3, respectivel d the fullerene
conmpound PCBM C60 i terial are

in Table 1, and
stirredigverni ght. films of @Qthe s are either gpin coated or
bl ade cljgt ed in an\in sLrnt at nosph r% Yo a?ﬁwéazg % hi ckness

200 nm neasured u a priof j ter. H (fa dryi i
ensure renoval of sQlv shi n//coats ns/are dried
at 23 C for 10 Ti nut¥s. %Iadefﬁlms (;BYJ% / ) /s on the
hotpl ate. 25 As the last step of the devi c8 r<J;l‘?)r|cat|g£q,1| @IB

(200nm) cathodes are thermally evaporated through a shadow ek to define
cells. ggSanples are neasured at 23 C using a Sol ar Sinulator from Newport
Ltd (nodel 91160) as |ight source and using a calibrated Si-cell as

r ef er ence. 4 6-Dibromo-thieno[3,4-blthiophene-2-carboxylic acid 2-ethyl-hexyl ester

(4.000 g; 8.806 mmol) is weighted into a 250 cm® 3-neck flask and then 2-
tributyltin-3-octyl-thiophene (Chem. Mater. 2000, 12, 1611-1621) (11.063
g; 19.373 mmol), tri-o-tolyl-phosphine (214 mg; 0.704 mmol), N,N-

el

20 dimethylformamide (11.0 cm3) and toluene (95 cm3) are added. The
resulting mixture is carefully degassed for 10 minutes before adding
tris(dibenzylideneacetone)dipalladium(0) (80.637 mg; 0.088 mmot; 0.010
eq.). The reaction mixture is heated at 110 °C for 16 hours under nitrogen
protection before removing the solvent in vacuo. The crude product is

25

purified several times by column chromatography (petroleum
ether:dichloromethane, 60:40) to afford a red-orange oil (1.350 g,

Yield: 22 %). NMR ('H, 300 MHz, CDCI3):07.85(s, 1H);7.34 (d, J=
4.8 Hz, 1H); 7.32 (d, J=4.9 Hz, 1H); 7.02 (d, J= 5.3 Hz, 1H); 7.00 (d, J =
5.3 Hz, 1H); 4.24 (d, J = 5.4 Hz, 2H); 2.80 (m, 4H); 1.67 (m, 5H); 1.24 (m,
30 28 H): 0.90 (m, 12H).

4 6-Bis-(5-bromo-3-octyl-thiophen-2-yl)-thieno[3,4-b]thiophene-2-
carboxylic acid 2-ethyl-hexyl ester

35



The device performances for the polynmers of Exanple 2 and Exanple 3 are
shown Table 1. 35 WD 2012/ 003919PCT/ EP2011/ 002928 - 49 - factor (FF),
power corwenseixn3wbfici ency (PCE) and best power conver $COEPdIflioeisency f or

Exanpl e 2 and PCBM C60 ratio and Exarrpl_%é:é_ and PCBMC60 ratio. Materi al
Rati o Conc. Voc Jsc FF PCE PCE SD Best Pol yrer :

ZS
/ A\ s
S N\ /

(@]
2
NBS
s g S A N s_ g
10 \ DMF N\ / S \
CgH17H47Cg CgH47H17Cg

4 6-Bis-(3-octyl-thiophen-2-yl)-thieno[3,4-blthiophene-2-carboxylic acid 2-

15 ethyl-hexyl ester (1.350 g; 1.970 mmol; 1.000 eq.) is dissolved in
anhydrous N,N-dimethyiformamide (40 cm3). Under the protection of inert
atmosphere, N-bromosuccimide (0.666 g; 3.74 mmol; 1.90 eq.) is added
slowly in one portion. The reactants are stirred for 20 minutes and then
poured into 50 cm® of 5% sodium thiosulfate solution with ice. The mixture

20 is extracted by diethyl ether, dried over sodium sulfate and vacuum down.
The crude product is purified by column chromatography using a mixture
of petroleum ether and dichloromethane (80:20) as eluent to afford a red
solid (1.243 g, yield: 75 %). NMR ('H, 300 MHz, CDCl3): 8 NMR (*H, 300
MHz, CDCls) : 8 7.77 (s, 1H); 6.99 (s, 1H); 6.96 (s, 1H); 4.24 (d, J =

25 5.8 Hz, 2H); 2.72 (m, 4H); 1.63 (m, 5H); 1.24 (m, 28 H); 0.86 (m, 12H).

Poly(2.6-[4,8-dioctyl-benzo{1,2-b;4,5-bYdithiophene]-alt-5,5'-[4,6-bis-(3-
octyl-thiophen-2-y|)-thieno[3,4-blthiophene-2-carboxylic acid 2-ethylhexyl
ester])

30

35



PCBM mgntl-1 mvV mAcm2 % % %Ex. 2 1.0:1.5 30 605 -6.877 44.6 1.86 0.21
2.26 Ex. 2 1.0:2.0 30

WO 2012/003919 PCT/EP2011/002928
- 47 -

~ s CeHyz
» s
o s S A NS s+ crysn—C )—Sn(CHy),
\ /2 N/ s
Pd(o-Tol),
CgHyy CeHy7 Pd,dba, CaHyz
DMF

\/(NT oluene
0 (e}
10

15

In a 50 cm® round bottom flask, 4,6-bis-(5-bromo-3-octyl-thiophen-2-yl)-
thieno([3,4-b]thiophene-2-carboxylic acid 2-ethyl-hexy! ester (421.5 mg,
0.5000 mmol), 4,8-dioctyl-2,6-bis-trimethylstannanyl-benzo[1,2-b;4,5-

20 b'ldithiophene (370.1 mg, 0.5000) mmol), tris(dibenzylideneacetone)
dipalladium(0) (2.3 mg, 2.5 ymol) and tri(o-tolyl)phosphine (6.1 mg,
20 pmol) are dissolved in degassed toluene (12.0 cm3) and degassed
N,N-dimethylformamide (3.0 cm?). The reaction mixture is further
degassed and the reaction mixture heated at 110 °C for 120 minutes. The

25 polymer is purified by precipitation into methanol, filtered and washed
sequentially via Soxhlet extraction with acetone, petroleum ether (40 — 60
°C), chloroform and chlorobenzene. The chlorobenzene fraction is
reduced to a smaller volume in vacuo and precipitated into methanol (200
cm3). The precipitated polymer is filtered and dried under vacuum at 25 °C

30 overnight to afford the title product (325 mg, yield 59 %). GPC (140 °C,
1,2 4-trichlorobenzene): M, = 43.6 kg.mol”, M,, = 91.6 kg.mol™.

Use Example A

35 Bulk heterojunction organic photovoltaic (BHJ OPV) device




500 -8.373 29.0 1.16 0.41 1.50 Ex. 2 1.0:2.5 30 620 -4.436 42.1 1.15 0.24
1.54 Ex. 3 1.0:1.5 30 557 -6. 266

WO 2012/003919 PCT/EP2011/002928
- 48 -

BHJ_OPV devices are fabricated on ITO-glass substrates (13Q/0),
purchased from LUMTEC corporation. Substrates are cleaned using
common solvents (acetone, IPA, DI water) in an ultrasonic bath prior to a

conventional photolithography process is carried out to define the bottom
S electrodes (anodes).

A conducting polymer poly(ethylene dioxythiophene) doped with
poly(styrene sulfonic acid) [Clevios VPAI 4083 (H.C. Starck)] is mixed on a
1:1 ratio with DI-water. This solution is sonicated for 20 minutes to ensure
10 proper mixing and filtered using a 0.2 pm filter and then is spin coated to a
thickness of 20 nm. Substrates are exposed to ozone prior to the spin-
coating process to ensure good wetting properties. Films are then
annealed at 130 °C for 30 minutes in an inert atmosphere where they are
kept for the rest of the process.
15
As photoactive material a mixture of the polymer of Example 2 or 3,
respectively, and the fullerene compound PCBM-Cgp are used. Solutions
of the photoactive material are prepared at the concentration and
components ratio as shown in Table 1, and stirred overnight. Thin films of
20 the solution are either spin coated or blade coated in an inert atmosphere
to achieve thicknesses between 100 and 200 nm, measured using a
profilemeter. A short drying period followed to ensure removal of excess of
solvent. Typically, spin coated films are dried at 23 °C for 10 minutes.
Blade films are dried at 70 °C for 3 minutes on the hotplate.
25
As the last step of the device fabrication, Calcium (30nm)/Al (200nm)
cathodes are thermally evaporated through a shadow mask to define
cells.

30 Samples are measured at 23 °C using a Solar Simulator from Newport Ltd
(model 91160) as light source and using a calibrated Si-cell as reference.

The device performances for the polymers of Example 2 and Example 3

are shown Table 1.
35

Table 1. Average open circuit potential (Voc), current density (Jsc), fill



58.5 2.02 0.48 3.04 Ex. 3 1.0:2.0 30 542 -8.233 46.6 2.08 0.25 2.55 Ex. 3
1.0:2.5 30 518 -6.207 46.0 1.45

WO 2012/003919 PCT/EP2011/002928
- 49 -

factor (FF), power conversion efficiency (PCE) and best power conversion
efficiency for Example 2 and PCBM-Cg ratio and Example 3 and PCBM-

Cep ratio.
5 Material Ratio Conc. | Voc Jsc FF | PCE| PCE Best
SD PCE
Polymer: | mgml™ | mV | mAcm? | % | % %
PCBM
Ex. 2 1.0:1.5 30 605 -6.877 | 446 | 1.86 0.21 2.26
10 Ex. 2 1.0:2.0 30 500 -8.373 | 29.0 | 1.16 0.41 1.50
Ex. 2 1.0:2.5 30 620 -4436 | 421 | 115 | 024 1.54
Ex. 3 1.0:1.5 30 557 -6.266 | 58.5 | 202 0.48 3.04
Ex. 3 1.0:2.0 30 542 -8.233 | 466 | 208 | 0.25 2.55
Ex. 3 1.0:2.5 30 518 -6.207 | 46.0 145 0.48 2.06
15
Figure 1 shows typical J-V curves for a device containing a polymer of
Example 2 (dashed line), and a device containing a polymer of Example 3
(continuous line), each having a ratio polymer:PCBM of 1.0:1.5.
20
25
30

35



0.48 2.06 Figure 1 shows typical J-V curves for a device containing a

pol ymer of Exanple 2 (dashed line), and a device containing a polynmer of
Exanpl e w0cortiosaaous | i ne), each having a ratio pol ynePCPEBMI10/002029: 1. 5.
20 25 30 - 50 - Patent Clains 1.Conj uga#(fzgl pol ymer conprising one or nore
identical or different repeating units of formula | | Ar2--* wherein the
asterisks indicate a link to nei ghboured groups, Arlis on each occurrence
identically or differently a group 15selected fromthe follow ng formnul ae
20 - 51 - Ar2is on each occurrencepi gty or differently a group

1. Conjugated polymer comprising one or more identical or different
repeating units of formula |

5
R
X~ S
[
10 *\Ar1 S AI'Z/*
wherein the asterisks indicate a link to neighboured groups,
Ar’ is on each occurrence identically or differently a group
15 selected from the following formulae
lla
20
b
25
2
X! R
\ / \ llc
30 R X2
X1
!
7 fid
35 R’



selected fromthe follow ng fornul ae 15 Ilg 20 Ilh 25 Ws S, Se or

0O, Vis CHor N, 30X1 and X2are, on each occurrence identically or
di f f er entw9,20eym3¢1ndependent |y of each other, 0, S or SeCKiEP20{100298§ - 52
i -51-
Ar? is on each occurrence identically or differently a group
selected from the following formulae
5 w
\&r lle
V
R
10
If
15 4
X! R
\ / \ lig
2
rR® X
20 X! ,
\ ]
7 ilh
R3
R4
25
W isS, SeorO,
\Y is CHor N,
30 X' and X?  are, on each occurrence identically or differently, and
independently of each other, O, S or Se
X is HorF,
35 R on each occurrence identically or differently, denotes F,

Cl, Br, I, CN, or straight-chain, branched or cyclic alkyl



with 1 to 35 C atons, in which one or nore nonadjacent C atons are
optionally replaced by -0-, -S-, - CO, -00-0-, -0-00-, -0-00-0-, -CR=CR-
or -CC-amsioiznivdedaih one or nore H atons are optionally repiezeadomo2d,
Br, I or CN, or denotes aryl, heteroarylg, aryl oxy, heteroaryl oxy,

aryl carbonyl, heteroaryl carbonyl, aryl éaqzb'onyl oxy, heteroaryl carbonyl oxy,
aryl oxycar bonyl or heteroaryl oxycarbonyl having 4 to 30 ring atons that is
10unsubstituted or substituted by one or nore non- aromatic groups Rl, R

and R are independently of each tgté%éor%b@%' %Dg&iéﬁﬁzdﬁg\r/%lsﬂgp% hbjted carbyl or

hydr ocar byl optionally conprisin _ ons, Rlis on each
occurrence identically or didigesrdt @jorps apepptiemally-reRlaceldy oS-, ~-NCS,

-QCN, -SCN, - (=0)NRR, - C(cB) XCcod--00R 0= NtRc 0-RRCREGR20opR=cS03H,

-S2R, -OH, -NO2, -CF3, -SF5, oﬁ_gtbogal Ie3s/ subst | tuted SEL%/I, n(tgs\grbyl or

hydrocarbyl with 1 to 40 C 2HGREWDIFRONSOIPOIS HaAtPPSsafisstRtianddd and

opt ihonasly conpri Esjes pnel lorrepsla”o@_drt?}léml,arphan %:N_r, ogdéﬁotdes?é}FQ an R3h0n

each occurrence identically, ~.and i ndependent of eac

ot her, have one of the man?%égﬂg&bghﬁm%t%f)a iéfxmf@ﬁaﬁb né“ef erably

different fromH, R4has on keteroasylcarbanytearyldariidanyiddyy or differently one

of 30t he neani ngs given for 1 p J r crosslinkabl e
e Rarp e (O AASH T of

group, Spis a spacer group Oor a s e al‘ogen. - 53 -
2. Pol ymer according to cl ai#gteroamioxycaroogy havingi4 ¢¢ 3pginauatems that is

10 unsubstituted or substituted by one or more non-
aromatic groups R’,

R%and R are independently of each other H or optionally
substituted carbyl or hydrocarbyl optionally comprising
15 one or more hetero atoms,

R’ is on each occurrence identically or differently H,
halogen, -CN, -NC, -NCO, -NCS, -OCN, -SCN, -
C(=0)NR°R?, -.C(=0)X°, -C(=O)R?, -NH,, -NR°R®, _SH,
20 -SR®, -SO;H, -SO,R’, -OH, -NO,, -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-,

25 R%2and R® on each occurrence identically or differently, and
independently of each other, have one of the meanings
given for R or R, which is preferably different from H,

R? has on each occurrence identically or differently one of
30 the meanings given for R or R,

P is a polymerisable or crosslinkable group,

Sp iS a spacer group or a single bond,

35
x° is halogen.



-[(Ux-(Ar)dn-111 wherein U's on each occurrence identically or differently
a unit of fornula | as defined in claiml1, 10 Aris, on each occurrence

i denti calwg 2r2/m@sdiberently, an aryl or heteroaryl grouppPChatP2013/00928 onal |y
substituted, Y1 and Y2are independentlysg each other H F, d or CN, 15
xi s on each occurrence identically or differently 0, 1 or 2 wherein in at

| east one repeating unit, i.e. in at least one unit -[(U)),-(Ar)]-, x is 1,
20Yi s on each occurrence identically or differently 0, 1 or 2, nis an
integer > 1. 3.Polymer according to claim1l or 2, which is sel ected of
formula lila 25 R6-[(U)x-(Ar)y-b-R6lila wherein U Ar, n, x and y have the
meani ngs of &.ai MRalymendc aitaiclren Hawhichigsetertedof forafuladeh ot her one
of the nmeanings of RL in claim1, or denote H, CHZCI -CHO - CH=CH2,

-SSR R'R', -SnITR"R" -BRR', -B(OR)(OR"), i‘ or P-Sp, wherein P and
Sp are as defi nedl (ByoAand R, R and R' hav ndependently of each ot her
one of 535the neanings of Rin cI aiml, and two of R, R' and R’

wherein
U is on each occurrence identically or differently a unit of
formula | as defined in claim 1,
10
Ar is, on each occurrence identically or differently, an aryl
or heteroaryl group that is optionally substituted,
Y'and Y*  are independently of each other H, F, Cl or CN,
15
X is on each occurrence identically or differently 0, 1 or 2,
wherein in at least one repeating unit, i.e. in at least
one unit -[(U)-(Ar)y]-, xis 1,
20 y is on each occurrence identically or differently 0, 1 or 2,
n is an integer > 1.
3.  Polymer according to claim 1 or 2, which is selected of formula llla
25
RE[(U)x-(AF)y-1n-R® lta
wherein U, Ar, n, x and y have the meanings of claim 2, and
30 R*and R® have independently of each other one of the meanings

of R" in claim 1, or denote H, -CH,CI, -CHO, -CH=CHo,
-SIR'R"R", -SnR'R"R" -BR'R", -B(OR")(OR"), -B(OH)z,
or P-Sp, wherein P and Sp are as defined above, and
R', R" and R™ have independently of each other one of
35 the meanings of R® in claim 1, and two of R', R" and R"
may also form a ring together with the hetero atom to



may also forma ring together with the hetero atomto - 54 - which they

are attached. 4. Polyner according to claim2 or 3, wherein x is 1 and vy is

0 or 1, 5¥ORoiymea19according to to one or nore of clai mPCZ/EPRO14/0028R%r €i N Ar

is selected fromthe group consisting of “1 4- phenyl ene, thiophene-2, 5-

diyl, sel enophene-2, 5-diyl, thieno[3, 2-b] hi ophene- 2, 5-di yl ,

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

sel enophenol 2, 3- 131sel enophene- 2, 5-di yl, sel enophenol[ 3, 2-

b] t hi ophene-2,5-diyl, sele 5 iophene-2, 5-diyl,

benzo[ 1, 2-b: 4, 5- bl di t hi ophgﬁ@-eg?g%&(?jla% Q&é&&é%gl t hi ophene, 2, 2-

di sel enophene, dithieno[3,2-b:2",3" -d]silole-5,5-diyl, .

4Hcycl opent a[£, 1‘%!§m@'r%'c]:éfdir'?%ﬁpbﬁﬂﬂ%rﬁidh;b!éreirﬁﬁﬁém%gq B 0 ofhyl

fluorene-2,7-diyl, indaceno[1l, 2-b:5, 6-bldithiophene-2,7-diyl,

benzo[ 1",2":4,5;4",5":4" /5l bis(silolo[3,2-b:3,2"-blthiophene)-2,7-diyl,

phenantfhro[ 1,10, -c.d, e .ca zole-2. 7-diyl, . . .

benzol 2, 1.3] 1% adt VOIEL OGO REBE of wier® o clais 2. g ovberpim A1

benzo[ 2, 1, 3] oxadisetetted 4rorn dihg groHebrsistng obt dHphehylernd, thiopBene-2,5-

di f 1 uor ot hi ophenes;2, 5= i280f 3, d HaZR e AT

gui noxal i ne5, 8- diedl_ I,’ é?%:néhgfggfgﬁ)ﬁl @bﬁleoggzz&]gﬂgﬁ?& Q,E)’hryl,

t hi eno[ 3, 4-b] t hi d m@éz,é;bﬂlhlgplgepqe-z,&dlyl, selenopheno¥3,Q-b]selenophene-Z,5-

?163?|th‘}(;| eln- [2'5y|4di &?@g@ 3eﬂoml,$lb%§égét%ﬁqe4réji2,?ﬂﬁyl,\%ﬁlenopheno[&Z- bstitut ed
: zol o[ 5, 4-d]I. iazol e- - di 0 i ch_are unsubstituted,

or mono- or pol yskl %P%?A%’g’%iylll %Wo%fy%p'g@]fqur}?' P8k 1. 6. Pol ymer

accordi ng to one lenaojt 2-wH, Ebditrioghde-2,6-diyE 222 ditRicdphen€OR2- - 00-0-R, or

-O-COR very pref;: = : D100 B, _herekn iy$, Sstraight-chain,

branched or cycl i%Sél?ﬁ@ﬂh%%ﬁ%|€|ﬁ)o[§8/_0{):%3,§ag’gg§{e 5’% m éﬁ’ one or nore

non- adj acent C ateyeiopandal@pl-boh4th dithigphgoed 6ydiylocarbagole-2,Taliyl, - 00- 0-

<0-00-, - 0-00- 0, udeBneld, 700iy1: fuacefo[ 13183 -MAjtkidpRERe o 7 AR e H atoms are

optionaiky repl acﬂeu by F. Oly’,Br, T o[r_ ’ C_N,S'orv}'aR\t( b 363%7 ;ﬁ?ﬂ,l oxYy,

het eroaryl or - het BIELY3xS SvH i SIYSIOR 2 B eShatianhenel-2ufdist i t ut ed

(ir sub;gi tU;edpb?/pmmﬂﬁmﬁ,?[@8@6,9%9]6@@3@0@1@,?%”31 asldefi ned in clai %
. - 7. Polyner C ing._t e,.qr , nor e.q i TS, 0 erein

and Ra.and Ra wEATASAZ oo pBreRrA 7l pERARR Y aReR BRiazolia. ol

st rai ght - chai n al bghzo[2)1k3oyadindolerd Gadikly PHvberzotriaznl@d, TCdad, B4, or are

sel ected from br ; 3 K iyC EY .af ons

whi ch 5)§ prefer:@ﬁgsrg)é@gﬁﬁg??/ a Wtﬂa@kog@%?@w%%ﬁﬁ?a%%y%ybm uﬁ%é(g#oéZO C

atonms or tertiaryS8tdiyl thianel$d-bihiophieagt4Gidivii thienp(3 4-blithicperer,4-wher ei n

rapl aced by . o B o g L T 0 et er oar y1 oxy

that is opti onal I[]’%)Fm9¥@9gisﬂ[1ﬁﬁgg§ﬁ%%e%:d%d has 4 to 30 ring atomns.

M xture or blend ¢ rysing one or.nor ol yners accordi.ng to .one or nore

of claims 1 to 7 Q@gp\ghlfho%eﬁmsé' 58%%‘5#%5’“%?0'p% ?%b%'ﬁﬂ?ﬂd‘”ﬁ' R ot

sem conQBCti ng, cRélageieﬁnedsilpcfaim hol e/ el ectron transport, hol e/ el ectron

bl ocki ng, electrically conducting, photoconducting or light emtting

properties. )
Polymer according to one or more of claims 1 to 5, wherein R is -CO-

RY, -CO-O-RY, or -O-CO-R’, very preferably -CO-R’ or -CO-0-R’,

wherein R” is straight-chain, branched or cyclic alkyl with 1 to 30 C
30 atoms, in which one or more non-adjacent C atoms are optionally

replaced by -O-, -S-, -CO-, -CO-O-, -O-CO-, -0-CO-0-, -CR’=CR%-

or -C=C- and in which one or more H atoms are optionally replaced

by F, Cl, Br, | or CN, or R’ is aryl, aryloxy, heteroaryl or heteroaryloxy

having 4 to 30 ring atoms that is unsubstituted or substituted by one
35 or more non-aromatic groups R’ as defined in claim 1.



Forrul ati on conprising one or nore polymers, mxtures or blends according
to one or nore of clains 1 to 8, and one or nore solvents, preferably

sel ect ed woam2omwgani ¢ sol vents. Use of a pol yner, m xt uPel/BEr@ndomes

formul ati on according to one or nore of ainms 1 to 9 as charge transport,
sem conducting, electrically conducting,“photoconducting or light emtting
material in optical, electrooptical, electronic, electrolumnescent or

phot ol um nescent conponents or devices. Optical, electrooptical or

el ectronic c o] I [ LISl 0 p 2 [ xtures,
bl ends or 1 or rul e UHEr ZEESH a0 FBElRaRg= o @ T IS ePAREIED B 1
Conponent or deviRe amstBr whey hejngdifferent fromhi care seleeted dtasa straightt he gr oup
consi sting of oroapif ikye! ket 8R4 tﬁi?éﬂ?ll \ﬁgtﬁﬁsto(z@:gg_tomfshbf‘afé dibcted

transistors (TFT), 1ntegrated clircuits C), logic circuits, capacitors,
radi o frequency ifé‘é’ﬁtt?"ﬁf‘%?g@l*yé'#'ﬁ%y ang thioglkyl Wit 3dp 20dmarreaviclyr gani ¢
light efitting diiggesfefbizDecondganalRyl hkbky or tibatkyewith Bitb @0 Casmst or s
(OLET), flat panel di"tiazflb/a%’§' b'gckl iF ts f()fl dhf‘gl aéé, og ani c ‘ghot ovol taic
devi ces (OPV), sof'afrialy Kyl 2lkaxy g &H%%’yﬂﬂ {3l e E7ES: WheEHuEt ect or s,
el ect r ophot ogr aphalttheeafocementdred gopipst owe epinore Heatonis age deticredly, or gani ¢
menory 5devi ces, i i 0l I arge transport

| ayers or interl a%??h?élrdn gr Bﬁé}e ??_g%%%e%%ﬁloggi Il(‘)%)eégéa?wL Ds), Schottky

di odes, pl anari sihefereangloxy taatissapdionally plkiiateghor alioxyletest andihgset igenbr anes
(PEM, ¢gnducting3gwhRgtdtes®s, conducting patterns, electrode materials in
batteries, alignnent lNayers, 10 bi osensors, biochips, security markings,

security devices, and conponents or devices for detecting and
di scri mi nati ng. DNMixteguenislead comprising ofé.or Gsrepuintheny actrding taatey di ng to

Vonoer of 1 or mul & T8redt BEES oo She PodOnfrBE ohBldy SFephanet®)' 25

defined in cl ai mhavieg senvconrdittiRg, ahargedranaport, holetelaniron sragispert, i n cl ai m

3. 15. i ; y r&H nor e of
ciaims 1225t0 7, P%@“é@%%%‘f‘?%Br"?‘?‘%@f%?*%?’%ﬁ%?ﬁ@ﬁéﬁ%ﬁ@@@ﬁ%?’Ei m 14
Wgtgr%’ﬁé“%*r- nore nmonomers of the formula 5 A R6 R -

w th each other,
r- 30wherein R5, R6 and Ar are as defined claim3 or 5, in an aryl-aryl
ling r i on . .. .
coup g eacb- ° Formulation comprising one or maore polymers, mixtures or blends
according to one or more of claims 1 to 8, and one or more solvents,

20 preferably selected from organic solvents.

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

25 optical, electrooptical, electronic, electroluminescent or
photoluminescent components or devices.

11. Optical, electrooptical or electronic component or device comprising
one or more polymers, mixtures, blends or formulations according to
30 one or more of claims 1 to 10.

12. Component or device according to claim 11, which is selected from
the group consisting of organic field effect transistors (OFET), thin
film transistors (TFT), integrated circuits (IC), logic circuits,

35 capacitors, radio frequency identification (RFID) tags, devices or
components, organic light emitting diodes (OLED), organic light
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13.

14.

15.

-56 -

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 11 or 12, which is an OFET
or a bulk heterojunction OPV device.

Monomer of formula la
R°-U-R® la

wherein U is a unit of formula | as defined in claim 1, 6 or 7, and R®
and R® have the meanings given in claim 3.

Process of preparing a polymer according to one or more of claims 1
to 7, by coupling one or more monomers according to claim 14 with
each other, and/or with one or more monomers of the formula

R°-Ar-R®

wherein R®, R® and Ar are as defined claim 3 or 5, in an aryl-aryl
coupling reaction.
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