WO 2013/ 010614PCT/ EP2012/ 002625 1 Organi ¢ Sem conductors Field of the

I nvention 5The invention relates to novel organic sem conducting oligoners
and pol yneo0semb@iuni ng dithieno[ 2,3-d: 2", 3' -dl - s-i1 ndac @eao[EP2@2100%526-

1D] di t hi ophene units, methods for their-fdreparati on and educts or

I nternmedi ates used therein, blends, mxtures and formul ati ons contai ni ng
them the use of the oligoners, polyners, blends, m xtures and

10f ormul ati ons as sem conductors in organic electronic (CE) devices,
especially in organic photovol t@QrganicRe@émiesondiestorend t o CE and OPV devi ces
conprising these oligonmers, polyners, blends, m xtures or formulations.
15Background of the Invention Organic sem conductl ng (GSC) materials are
recei vi ng grcﬁ&@gﬁiﬂﬁéﬂ&ﬁlﬂﬁbst ly due to their rapid devel opnent in the
recent years and the lucrative comrercial prospects of organic electronics.
20 One particyl ar area of rtance i s .organi c photovoltaics (OPV).
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firstly ieB% Pﬁ&?ﬂ‘é‘éloe%“éfob? insyeRBisrRIectseRric (OE) devices,
especially in organic photovoltaic (OPV) devices, and to OE and OPV

devices comprising these oligomers, polymers, blends, mixtures or
formulations.

15 Background of the Invention

Organic semiconducting (OSC) materials are receiving growing interest
mostly due to their rapid development in the recent years and the lucrative
commercial prospects of organic electronics.
20
One particular area of importance is organic photovoltaics (OPV).
Conjugated polymers have found use in OPVs as they allow devices to be
manufactured by solution-processing techniques such as spin casting, dip
coating or ink jet printing. Solution processing can be carried out cheaper
25 and on a larger scale compared to the evaporative techniques used to
make inorganic thin film devices. Currently, polymer based photovoltaic
devices are achieving efficiencies above 8%.

In order to obtain ideal solution-processible OSC molecules two basic

30 features are essential, firstly a rigid n-conjugated core or backbone, and
secondly suitable functionality of the aromatic cores in the OSC backbone.
The former extends n-n overlaps, defines the primary energy levels of the
highest occupied and lowest unoccupied molecular orbitals (HOMO and
LUMO), enables both charge injection and transport, and facilitates optical

35 absorption. The latter further fine-tunes the energy leverls and enables
solubility and hence processability of the materials as well as
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Ys® Dlf'ananty ortJ the polymer backbone, on the inter-chain n—r interactions and
on the HOMO-LUMO levels / bandgaps. For many applications, like eqg.
OPV devices, optimisation of the electronic properties of the conjugated
backbones by fine-tuning the solubilising functional groups can resutt in
dramatic effects on the efficiencies.
20
The conventional method of introducing solubilising groups into
cyclopentadiarene units like indacenodithiophene (Zhang et al., J. Am.
Chem. Soc., 2010, 132(33), 11437), is to alkylate the sp® carbon atoms of
the cyclopentadienes contained in these fused ring structures. Due to the
25 tetrahedral configuration of this carbon, the substituents have to take the
orientation within a plane that is normal to the aromatic plane of the
conjugated backbone, as shown by X-ray single crystal analysis by
Hughes et al., Org. Biomol. Chem., 2003, 1, 3069. These out-of-plane
alkyl chains increase the inter-planar separation of the n—n backbones,
30 reducing the degree of inter-molecular n—n interactions. However, from a
synthetic point of view, multiple alkylation like for example tetraalkylation
of the indacenodithiophene leads to difficulties of purication of the
expected products due to the very similar polarities of the product and the
incompletely alkylated impurities. Partially alkylated fluorene units are
35 prone to form keto defects within the polymer (Scherf et al, Adv. Mater.,
2002, 74, 374).
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i nvention arespagrily 8hohygedd pritessility, high stability, good solubility in
organic solvents, high charge carrier mobility, and a low bandgap. Another
aim of the invention was to extend the pool of OSC materials available to
the expert. Other aims of the present invention are immediately evident to

20 the expert from the following detailed description.

The inventors of the present invention have found that one or more of the
above aims can be achieved by providing oligomers and conjugated
polymers, containing dithieno[2,3-d:2',3'-d']-s-indacenof1,2-b:5 6-

25 b'ldithiophene or other heterocyclic derivatives thereof, which are either
tetrasubstituted or dialkylidene-substituted at the cyclopentane rings:
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20t he expert fromthe follow ng detail ed description. The inventors of the
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dithieno[2,3-d:2",3 -qg-s-indaceno[ 1, 2- b: 8,-6- 25b] di t hi ophene or ot her
het erocyclic derivatives thereof, which are either tetrasubstituted or
di al kyl i dene-substituted at the cycl opentane rings: WO
2013/ 010614PCT/ EP2012/ 002625 -4 wherein Rl and R2 are e.g. alkyl or
fluoroal kyl groups. Strategically fusing RuditRonal aromatic rings al ong
the long axis of the indacenodithiophene coifje unit creates numerous
benefits in devel opi ng novel highsperfor apes. OSC haterdals. Firstly,
fusing additional aromatic ripgs” e d [l planarity and reduce
t he nunber of the potential tii 8% s nmol ecul ar backbone.
El ongatg on of a IT-structure vg~nonowef Thcreases the extent of conjugation
which facilitates charge transport albng t he pol yner backbone. Secondly,
i ncreasing the proportion of sulpmy atpns in the nol ecul ar backbone
t hrough fusing nore thiophene rings pronotes nore internol ecul ar short
contacts, which benefits charge hoppi ng between nol ecules. Thirdly, the
addi tion of {us&dit RN 2L & BC Lon of | adder structure in
t he OSC pol yner ﬁg{ﬁ gﬁgin, wh?ghéﬁ P§€W§%8$%QF%¥ER§rity of the nol ecul ar
backbogﬁ. Additionally but not lastly, fusing aromatic rings can nore
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sp3- hy qu i di ze@etentiad twists ebiheagranjagated molecular backbone. Elongation of a T-
structure or monomer increases the extent of conjugation which facilitates
charge transport along the polymer backbone. Secondly, increasing the
proportion of sulphur atoms in the molecular backbone through fusing
more thiophene rings promotes more intermolecular short contacts, which
benefits charge hopping between molecules. Thirdly, the addition of fused-
rings means increased proportion of ladder structure in the OSC polymer
main chain, which improves the planarity of the molecular backbone.
Additionally but not lastly, fusing aromatic rings can more efficiently modify
the HOMO and LUMO energy levels and bandgaps of the target monomer
structures compared with periphery substitutions.

20

25

Moreover, the dialkylidene-substituted dithieno[2,3-d:2',3'-d']-s-
indaceno[1,2-b:5,6-b']dithiophenes of the present invention are solubilised
using alkylidene groups, of which the carbon atoms connecting to the ring
systems are sp’-hybridized instead of sp>-hybridized. The sp®carbons
permit the solubilising alkyl chains to adopt a coplanar conformation
relative to the core/polymer backbone, thus further facilitating cofacial
aggregation in the solid state. This kind of coplanar orientation of the
alkyls has been demonstrated by the crystal structures of compounds as
disclosed in the examples of the present invention.
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By the incorporation of the electron-donating dithieno[2,3-d:2’,3'-d"]-s-
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properties of the polymers can be further optimised.

JP 2010-280623 A1 discloses compounds of the following formula

10

15
wherein R1-R6 are C1-C30 alkyl. However, these compounds represent a
significantly different attempt to solublise the dithieno[2,3-d:2',3"-d']-s-
indaceno[1,2-b:5,6-b'ldithiophene core structure, by placing alkyl groups
R1-R6 on the terminal thiophene and the central benzene rings.

20
GB 2472413 A and WO 2012/017184 A1 describe small molecule
materials with a general formula as follows

25

30 where Ar' to Ar® are independently fused heterocycles and T' and T2 are
terminal groups comprising both solublising chains and reactive
functionalities.

- However, there is no prior art disclosing oligomeric or polymeric materials

containing dithieno[2,3-d:2',3'-d']-s-indaceno[1 ,2-b:5,6-b'|dithiophene as
claimed in the present invention.
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other O, S, Se or Te,

other CR'R?, C=CR'R?, SiR'R?

R,R'and R®* independently of each other, and on each occurrence

20 identically or differently, denote H, F, Cl, Br, CN, straight-
chain, branched or cyclic alkyl, with 1 to 30 C atoms, in
which one or more non-adjacent C atoms are optionally
replaced by -O-, -S-, -C(0O)-, -C(0)-0-, -O-C(O)-, -O-C(0)-
O-, -C(S)-, -C(8)-0-, -O-C(8S)-, -0-C(S)-0-, -C(0)-S-, -S-

25 C(O)-, -0-C(0)-S-, -S-C(0)-0-, -S-C(0)-S-, -S-C(S)-S-, -
O-C(S)-S-, -8-C(8)-0-~, -C(S)-S-, -S-C(S)-, -NR"-, -
SiR°RY-, -CY'=CY2- or -C=C- in such a manner that O
and/or S atoms are not linked directly to one another, and
in which one or more H atoms are optionally replaced by

30 F, Cl, Br,1or CN, orR" an

d R? independently of each

other, and on each occurrence identically or differently,
denote aryl, heteroaryl, aryloxy or heteroaryloxy with 4 to
20 ring atoms which is optionally substituted, or R' and R?
together form an alicyclic group with 1 to 20 C atoms,

35 which is optionally fluorinated or alkylated,

by
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We%ﬂ&éﬁt@&r@ﬁﬂr&l%ﬁéé?&oﬂo?é 98@5’&%6# comprising one or more

oligomers or polymers comprising units of formula | and one or more
solvents, preferably selected from organic solvents.

The invention further relates to an organic semiconducting formulation
comprising one or more oligomers or polymers compounds comprising
units of formula I, one or more organic binders, or precursors thereof,

preferably having a permittivity € at 1,000 Hz and 20°C of 3.3 or less, and
optionally one or more solvents.

The invention further relates to the use of units of formula | as electron
donor units in semiconducting polymers.

The invention further relates to a conjugated polymer comprising one or
more repeating units, wherein said repeating units contain a unit of
formula | and/or one or more groups selected from ary! and heteroaryl
groups that are optionally substituted, and wherein at least one repeating
unit in the polymer contains at least one unit of formula |.

The invention further relates to monomers containing a unit of formula
land further containing one or more reactive groups which can be reacted
to form a conjugated polymer as described above and below.

The invention further relates to a semiconducting polymer comprising one
or more units of formula | as electron donor units, and preferably further
comprising one or more units having electron acceptor properties.

The invention further relates to the use of the oligomers and polymers
according to the present invention as electron donor or p-type
semiconductor.
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having el ectron acceptor properties. The invention further relates to
the use of the oligoners and pol yners 35according to the present invention
as el ectron déwdnventiqn fuyiher selatasooduotixture or blend comprising one or more

oligomers or polymers according to the present invention and one or more

15 additional compounds which are preferably selected from compounds or
polymers having one or more of semiconducting, charge transport, hole or
electron transport, hole or electron blocking, electrically conducting,
photoconducting or light emitting properties.

20 The invention further relates to a mixture or blend as described above and
below, which comprises one or more oligomers or polymers of the present
invention and one or more n-type organic semiconductor compounds or
polymers, preferably selected from fullerenes or substituted fullerenes.

25 The invention further relates to a formulation comprising one or more
oligomers or polymers, formulations, mixtures or blends according to the
present invention and optionally one or more solvents, preferably selected
from organic solvents.

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

35

The invention further relates to a charge transport, semiconducting,
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fromfullerenes or substituted full erenes. 25The i nvent ion further rel ates

to a formul atw%aﬂﬂmrénébﬁeo I%le@é@c@!é&@%ﬁle% cRPLYE S,

f or rrula| ons, mxtures or ble n S accor resent i nventi on and

optiondy ool ”W@%ﬁ?@ﬁi@”%‘ﬁ%%ﬁ@‘m@s inejuster, Mtﬂqubhmgam ¢ sol vents.
30The i nvent icrgahigfieheffeet wamsistops [ORETS,ahffil tr 4Bioss (AT Mer s,

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

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

20 emitting diodes (OPEDs), Schottky diodes, planarising layers, antistatic
films, polymer electrolyte membranes (PEM), conducting substrates,
conducting patterns, electrode materials in batteries, alignment layers,
biosensors, biochips, security markings, security devices, and components
or devices for detecting and discriminating DNA sequences.

25

Detailed Description of the Invention

This invention relates to novel oligomers and homo- or co-polymers based
upon dithieno[2,3-d:2',3"-d"]-s-indaceno[1 ,2-b:5,6-b'ldithiophene units

30 solubilised with four carbyl or hydrocarbyl groups or two alkylidene groups.
It also relates to the preparation of these semiconducting oligomers,
homopolymers and copolymers through known transition metal catalysed
polycondensation reactions.

35 The oligomers and polymers of the present invention are easy to
synthesize and exhibit advantageous properties. The conjugated polymers
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preparation of blends of p-type and n-type semiconductors which are

useful for application in bulk heterojunction photovoltaic devices.

In addition, the oligomers and polymers based upon dithieno[2,3-d:2’,3'-
d’}-s-indaceno[1,2-b:5,6-b’']dithiophene show the following advantageous

20 properties:

i) Dithieno[2,3-d:2",3"-d’]-s-indaceno[1,2-b:5,6-b’]dithiophene can be
solubilised by two different synthetic protocols, namely tetraatkyl
substitution or dialkylidene substitution. The former can be achieved by
means of reacting alkyl halides with the unsubstituted core structure

25 under alkaline conditions. Alternatively, this solublised structure can be
synthesized by ring-closure of the tetra-alkylated diol intermediates (see
below) whereas the latter can be obtained using the method of our
previous invention through Knoevenagel condensation with a variety of

carbonyl compounds.

30 i) Dithieno[2,3-d:2",3"-d'}-s-indaceno[1,2-b:5,6-b’]dithiophene can be easily
functionallised at specific positions through e.g., halogenation with N-
halosuccinimide, elemental halogen, or through lithiation with
alkyllithium and lithium amides then reaction with a halogenation
reagent, alkyl borates, trialkylstannyl chlorides or zinc chloride, as well

35 as reacting the halide compounds with magnesium metal or an
alkylmagnesium halide. These functionalised indacenodiarenes can be
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levels and bandgaps in designing new semiconducting materials.

iv) In this invention, the indacenodiarenothiophene core structures are
solubilised by both four alkyl groups and two alkylidene groups.
Compared with the tetra-alkyl analogues, the dialkylidene substituted

20 dithieno(2,3-d:2",3'-d'-s-indaceno[1,2-b:5,6-b’Jdithiophene-based
oligomers and polymers are expected to possess a higher degree of
planarity. This is due to the sp2 carbon atoms in the alkylidenes allow
the alkyl chains to take an in-plane configuration. This configuration
reduces the inter-planar separation of the n-n backbones, and improves

25 the degree of inter-molecular n—n interactions.

v) Similar to the known tetra-alkyl-s-indacenodithiophenes, tetra-alkyl and
dialkylidene indacenodiarenothiophenes of this invention are also =-
donor units. When polymerized with n-accepting monomers, low
bandgap conjugated polymers are synthesized as potential donor

30 candidates for use in organic photovoltaic solar cells.

vi) By fine-tuning the LUMO levels of the n-electron accepting units, the
donor-acceptor materials synthesized using tetra-alkyl and dialkylidene
indacenodiarenothiophenes and suitable acceptor units may exhibit
electron charge transport or ambipolar charge transport behavior in

35 field-effect transistors.
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nodi fy i | evel's. and gaps conducti ng
mat eri a repeatlng units, and an ol lgomer means a compound with > 1 and < 10,

preferably < 5, repeating units.

Above and below, in a formula showing a unit or a polymer, like formula |
and its subformulae, an asterisk ("*") denotes a linkage to an adjacent unit

20 or group, and in case of a polymer a link to an adjacent repeating unit or to
a terminal group in the polymer chain.

The terms "repeating unit" and "monomeric unit" mean the constitutional
repeating unit (CRU), which is the smallest constitutional unit the repetition

25 of which constitutes a regular macromolecule, a regular oligomer molecule,
a regular block or a regular chain (Pure Appl. Chem., 1996, 68, 2291).

The term "small molecule” means a monomeric compound which typically
does not contain a reactive group by which it can be reacted to form a

30 polymer, and which is designated to be used in monomeric form. In
contrast thereto, the term "monomer" unless stated otherwise means a
monomeric compound that carries one or more reactive functional groups
by which it can be reacted to form a polymer.

35 The terms “donor’/'donating” and “acceptor’/"accepting", unless stated
otherwise, mean an electron donor or electron acceptor, respectively.
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i.e. at |eas repeating uni
means in this connection that a compound with naturally (spontaneously)

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

Unless stated otherwise, the molecular weight is given as the number
average molecular weight M, or weight average molecular weight My,
which is determined by gel permeation chromatography (GPC) against

25 polystyrene standards in eluent solvents such as tetrahydrofuran,
trichloromethane (TCM, chloroform), chlorobenzene or 1, 2, 4-trichloro-
benzene. Unless stated otherwise, 1,2,4-trichlorobenzene is used as
solvent. The degree of polymerization, also referred to as total number of
repeating units, n, means the number average degree of polymerization

30 _ given as n = M/My, wherein M, is the number average molecular weight
and My is the molecular weight of the single repeating unit, see J. M. G.
Cowie, Polymers: Chemistry & Physics of Modern Materials, Blackie,
Glasgow, 1991.

35 The term “carbyl group" as used above and below denotes any
monovalent or muitivalent organic radical moiety which comprises at least
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chain. The terns "repeating unit" and "nononeric unit" nean the
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unit the repdnasyRopsieMBIther widiautianyt nan-aartbegatams ke foraheenple, a
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functi onal grikeger eyamplecN, O, S & PeSeelst Belort Gd.or m a pol ynmer. 35The terns

"donorrdonati ng" and "acceptorraccepting”, unless stated otherw se, nmean an

el ectron donqgr or electron acceptor, respectively. WO
2013/ 010614 PdTeEssm Petryoatom’ means agjatemrinandugenic corapsural tHatis ned

entity that @Habee-aﬂﬁtémﬁréf@rauwﬁ{&rnswrfgosw g@f Y &!@gp of atons
C entli

of ac ound. "El ectron acceptor" nmeans a chenica y that “dccepts

el ectrons transferred to it from anot her conpound or another group of atons
of a conpound cérbyeor hydrocarbyl group comprising a chain of 3 or more C atoms may

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

Preferred carbyl and hydrocarby! groups include alkyl, alkoxy,

15 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
alkylaryloxy, arylcarbonyl, aryloxycarbonyl, arylcarbonyloxy and

20 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, 0, S, P, Si
Se, As, Te and Ge.

25 The carby! or hydrocarbyl group may be a saturated or unsaturated acyclic
group, or a saturated or unsaturated cyclic group. Unsaturated acyclic or
cyclic groups are preferred, especially aryl, alkenyl and alkynyl groups
(especially ethynyl). Where the C4-Cq carbyl or hydrocarbyl group is
acyclic, the group may be straight-chain or branched. The C4-Cqq carbyl or

30 hydrocarbyl group includes for example: a C4-Cq alkyl group, a C4-Cag
fluoroalkyl group, a C4-Cag alkoxy or oxaalkyl group, a C,-Cap alkenyl
group, a C-Cso alkynyl group, a C3-Cy allyl group, a C4-Cag alkyldienyi
group, a C4-Caso polyenyl group, a C»-Cy4o ketone group, a C,-C4 ester
group, a Ce-C1s aryl group, a Cg-Cyo alkylaryl group, a Ce-Cag arylalkyl

35 group, a C4-Cap cycloalkyl group, a C4-Cs cycloalkeny! group, and the like.
Preferred among the foregoing groups are a C4-Cyq alkyf group, a C4-Cyq
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sol vents such as’tetrahydrofuran, trichloronethane (TCM chloroform,

chl orobenzene or 1, 2, 4-trichlorobenzene. Unl ess stated otherw se,
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single repeating unit, see J. M G Cow e, Polyners: Chem stry & Physics of

Modem Mat eri al s, Bl ackie, dasgow, 1991. WO 2013/010614PCT/ EP2012/ 002625
wherein L is selected from halogen, -CN, -NC, -NCO, -NCS, -OCN, -SCN,

-C(=0)NR°R®, -C(=0)X°, -C(=0)R?, -NH,, -NR°R®, -SH, -SR?, -SO3H. -
15 SO3R?, -OH, -NO,, -CF3, -SFs, P-Sp-, optionally substituted silyl, or carby!

or hydrocarbyl with 1 to 40 C atoms that is optionally substituted and

optionally comprises one or more hetero atoms, and is preferably alkyl,

alkoxy, thiaalkyl, alkylcarbonyl, alkoxycarbonyl or alkoxycarbonyloxy with 1

to 20 C atoms that is optionally fluorinated, and R°, R%, X°, P and Sp have
20 the meanings given above and below.

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

25
Especially preferred aryl and heteroary! 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 with L

30 as defined above. Very preferred rings are selected from pyrrole,
preferably N-pyrrole, furan, pyridine, preferably 2- or 3-pyridine,
pyrimidine, pyridazine, pyrazine, triazole, tetrazole, pyrazole, imidazole,
isothiazole, thiazole, thiadiazole, isoxazole, oxazole, oxadiazole,
thiophene preferably 2-thiophene, selenophene, preferably 2-

35 selenophene, thieno[3,2-b]thiophene, indole, isoindole, benzofuran,
benzothiophene, benzodithiophene, quinole, 2- methylquinole, isoquinole,



- 14 - one carbon atom either w thout any non-carbon atons (like for
exanple -CE--C-), or optionally conbined with at | east one non-carbon atom
such as NyvOQo13®10/4 Si, Se, As, Te or Ge (for exanple cachmegéizem2j. The
term "hydrocar byl group"” denotes a carbyl6group that does additionally
contain 5one or nore H atons and optionally contains one or nore hetero
atons like for exanple N, 0, S, P, Si, Se, As, Te or Ge. The term "hetero
atom' neans an.atomin an organic conpound that is not a H or Catom and

pref erabl y meBHROX@lINg, qgingaoliag, bepzotrugzolgdenzimidazote, hepaothyazale,

h%'dr_OCﬁ: bylh gfmanimﬁbi?s,im/z&o&bablle, aéngoqdiaéﬂ_zﬂ& téérﬁkb&aﬁmg?y bfe .
strai ght - chai anched, an r cyclic, inc in piro and/ or fused rings.
Preferred cark{)%ﬂzl%gmagwmeo@r W“'é'?&@ﬁ&% ‘HZ:?"E’GE“’S?‘V@W?”Q‘I Roxy,

15al kyl car borpdlysulistitted avitfoh s, define atiovieo Fythsy e rafipRISKsPHEIAFdRAY | OXY,
each ofg whi chy,| | td t Ut . 1 t0 40, preferably 1 to
25, ver5y pre&é?ggge}%%él%e%&%?o%'ﬂ tﬁ%rf@&g'f'ﬁghr%"ﬂ??onal |y substituted
aryl or aryloxy having 6 to 40, preferably 6 to 25 C atons, furthernore

al kyl aryl oxy,A radi b@%y.
20aryl oxycarb rﬁ??k'gﬁ?‘ gggg&%g&%?éﬁ%g%gﬁ tgﬁ@ﬁ&@?&b tl k) 3%&@%%? t?gs 6 to
40, pref er ablP-7c3PREURIGHGRAIN QR brancheg, it is ﬁé@éf@*bﬁbglgﬂbcbph, basl |y
gont 2isn _(I)_ne @, 3y 6, BeT ar @ eérbma,at@ﬂ;ﬁfﬁcﬁéﬁdgr?iﬁb%EWefeer%W'Eth)Q; t S, F dSi ;
e, As,qqle a . r 0 rocar roup may be a saturated or
unsat ur o ed 3%9@?‘? 885’;[35%”?9'03% ls Q?B&gto @qo?%ﬁﬁg’a?rﬁgaﬁéob‘ﬂ%\(’iR?"ﬁ?l%p.
Unsat ur at ed dexexycheptory.cor ectgxyfpsthameoner mety athnyt steayl, alndecyr y! |
| k | d [ t 1- C40 byl
yarocar byl Goeey], ttieR elraaBen, BehthdErll Athdxy, WREHEY et *or anched

The Cl-c40 c&as@coxy. togRganbeaiaiadegesyfor axamales for exanpl e: a Cl- C40
al kyl group, a Cl-C40

15 An alkeny! group, wherein one or more CH, groups are replaced by -
CH=CH- can be straight-chain or branched. It is preferably straight-chain,
has 2 to 10 C atoms and accordingly is preferably vinyl, prop-1-, or prop-
2-enyl, but-1-, 2- or but-3-enyl, pent-1-, 2-, 3- or pent-4-enyl, hex-1-, 2-, 3-,
4- or hex-5-enyl, hept-1-, 2-, 3-, 4-, 5- or hept-6-enyl, oct-1-, 2-, 3-, 4-, 5-,

20 6- or oct-7-enyl, non-1-, 2-, 3-, 4-, 5-, 6-, 7- or non-8-enyl, dec-1-, 2-, 3-, 4-,
5-, 6-, 7-, 8- or dec-9-enyl.

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

alkenyl, Cs-C7-4-alkenyl, Cs-C7-5-alkenyl and C+-6-alkenyl, in particular
25 C2-C7-1E-alkenyl, C4-C7-3E-alkenyl and Cs-C7-4-alkenyl. Examples for

particularly preferred alkeny! 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 up to 5 C
30 atoms are generally preferred.

An oxaalkyl group, i.e. where one CH; group is replaced by -O-, is
preferably straight-chain 2-oxapropyl (=methoxymethyi), 2-
(=ethoxymethyl) or 3-oxabuty! (=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-o0r7-
oxaoctyl, 2-, 3-, 4-, 5-, 6-, 7- or 8-oxanonyl or 2-, 3-, 4-, 5-, 6-,7-, 8- or 9-



fl uoroal kyl group, a Craw 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 povgenidolggiaup, a C2- C40 ket one group, a C2-C4A0 esTAP2¢ro0s25 a
C6-C18 aryl group, a C6-C40 al kylaryl grioip, a C6-C40 aryl al kyl 35group, a
C4- C40 cycl oal kyl group, a C4-C40 cycl oal kenyl group, and the |ike.
Preferred anong the foregoing groups are a Cl-C20 al kyl group, a Cl1-C20 WO
2013/ 010614PCT/ EP201 /002625 - 15 - fluoroal kyl group, a C2-C20 al kenyl
group, a C2 oxadegylkionaxagrpigOxaaled. . cauhere gne GHagioup isrept2eedibiy| di enyl
group” a C2- QOikptstombly stipi h@-cﬁém@?—@xé | %_aryl group,
and a ¢4-C20,p e #g:?é g @ %pﬁa §Fc§j’xl E%rﬁéﬁlgrgm@? are conbi nations
of groups hali té% SAYIL OF St (5 '6” OK¥&A Mé #reBer¥ 4oxaRENYl. 1%, €. g.

an al kynyl gleup,, opdedxatentyy, 21 By,my| 5-, bh&toxaheptiispi But£ds5wid r‘bra? silyl
group, gprefer rhal Kyksid y r and he (o] ef erably
denotesg non ng%ty@é B zkélscldl bba(rg{)%a ?nor(])¥| %e?’e?‘oa& hﬁ? ig chp wth 4
to 30 ring Coéﬁgﬁﬁ)"t fﬁtempﬁl so conprise condensed rings and is optionally
substituted with one or nore groups L, wherein L is selected from hal ogen,

“SH SR Siman awqﬁwﬁwhéﬁgﬂwoméﬁzﬁgg s wRiaced -0+ apd EmavaHS o

subst i t Iut ed SJ(D,)l, ,these cadibyls are dwﬁzrrﬂﬂﬁrnlé)’dhb’ﬁdr@d Inécordfh Fy t o E)hgt oirr:

2290 SRR o SO T Byt

or al koxycar lgcmm fQ;C X hPreferably this graup BGtGightaimin Bad Hag 2R 6@nal | y

{1 uor i nat ed, fgils Rt iSGELorBi pRRAABNF 2G5y TERIEHoR, YER SRSy 2nd
pentanoyloxy, hexanoyloxy, acetyloxymethyl, propionyloxymethyl,
butyryloxymethyl, pentanoyloxymethyl, 2-acetyloxyethyl, 2-propionyloxy-

15 ethyl, 2-butyryloxyethyl, 3-acetyloxypropyl, 3-propionyloxypropy!,
4-acetyloxybutyl, methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl,
butoxycarbonyl, pentoxycarbonyl, methoxycarbonylmethy!, ethoxy-
carbonylmethyl, propoxycarbonylmethy|, butoxycarbonylmethyl,
2-(methoxycarbonyl)ethyl, 2-(ethoxycarbonyl)ethyl, 2-(propoxy-

20 carbonyl)ethyl, 3-(methoxycarbonyl)propyl, 3-(ethoxycarbonyl)propyl,
4-(methoxycarbonyl)-butyl.

An alky! group wherein two or more CH, groups are replaced by -O-
and/or -C(O)O- can be straight-chain or branched. It is preferably straight-

25 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, 10,1 0-bis-carboxy-
decyl, bis-(methoxycarbonyl)-methyl, 2,2-bis-(methoxycarbonyl)-ethyl,

30 3,3-bis-(methoxycarbonyi)-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-
(ethoxycarbonyl)-propyl, 4,4-bis-(ethoxycarbonyl)-butyl, 5,5-bis-

35 (ethoxycarbonyl)-hexyl.



Very preferred substituents L are selected from hal ogen, nost preferably F,
or al kyl, al koxy, oxaal kyl, thioal kyl, fluoroal kyl and fluoroal koxy with 1
to 12 C avorsiaano@kkenyl, al kynyl with 2 to 12 C at ons. PES/HP@RO)BRS y
preferred aryl and heteroaryl groups ard&henyl in which, in addition, one
or nore CH groups may be replaced by N, naphthal ene, thiophene,

sel enophene, thi enot hi ophene, dithienothiophene, fluorene and oxazol e, all
of which can be unsubstituted, nono- or polysubstituted with L 30as defi ned
above. Very py&vealkygrpupgie ahere onectde groumisreniatad byr&t eisabl y

e i ne, | Dy eraly SUGIgIR, cHe HROMRINY | ESCHig KT Eo i oS! e

i sot hi azol e, %RP%%(?E? '#h?ﬁ&’@?&fi {'i é@?ﬁ’é@ﬁe?'(mtﬁ')» bithinhexyl)e 1-

t E! Ophegezp[) WWW‘).21-(t_himﬂﬁﬂel-(th@r@fn.?p,hﬁgwodb;cﬁf),e'1*’{Midur?det@'i’;s@rlh_ h13.n0phene,
I eno , - 2 , enzor ur an enzo ophene,

benzodiBt hi opk{gﬁmé&wéﬁpﬁbwggggh epégteﬁ%lgﬂﬁﬁg%@,gﬁ%@ ?‘Fcﬁné?o BW)SF’é P

2013/ 010614Pbybrised ¥imd zepon atan is eplacedal i ne, qui nazol i ne,

benzotri azol e, benzi m dazol e, benzot hi azol e, benzi sot hi azol e,

benzi soxazol 2\ benzg(x?di azol e, benzoxazol e, benzothi adi azole, all of which
can be unsub$tTYQrealky! s isqrefesably perfluerealyl Gifihi whereitet isred  above.

Further exampitegeofromet & 98] i pAtGiEAP TR QZFJ]?Q%%,S@LFE?E‘%?J IQp, L he

foll ovvi1|bg folrcngggr @'}: al ké/l or .al EFX Fradi cal, | E v‘%ere ¢ e _tzérm' nal CH2
group is repld bysh 16 VEYAreffaby, Gefgr oratialoiugsinatedalkyliin i s

pref erably spadigitar-thaifiyoroaiky?,alBof which aré straight-cBapeshsranaheds and
accordingly is preferably ethyl, 10propyl, butyl, pentyl, hexyl, heptyl,

octyl, ethox propoxy, butoxy, pentoxy, hexoxy, heptoxy, or octoxy,
furthermore mBerROverrdgptionadaliy!, alkerat pikengbdxeslkyl, thibaikyy lcarbetyladecy! |

]pent adecyl, apd@aYborBERXYroupRIHPEY acHRIIESPhIral %&@%‘éﬁé}&i&ﬂa%t radecoxy,
o) X 3B pretetted Y orSlist e FBEHT (L1 Mcthyipropyly, 2 methyibutyl, 2
repl aced by ylpropyl), 2-methylbutyl, 2
methylpentyl, 3-methylpentyl, 2-ethylhexyl, 2-propylpentyl, in particular 2-
methylbutyl, 2-methyibutoxy, 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-nony|, 2-decyl, 2-dodecyl, 6-meth-
20 oxyoctoxy, 6-methyloctoxy, 6-methyloctanoyloxy, S-methylheptyloxy-
carbonyl, 2-methylbutyryloxy, 3-methylvaleroyloxy, 4-methylhexanoyloxy, 2-
chloropropionyloxy, 2-chioro-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-
25 oxy, 1-butoxypropyl-2-oxy, 2-fluorooctyloxy, 2-fluorodecyloxy, 1,1,1-trifluoro-
2-octyloxy, 1,1, 1-trifluoro-2-octyl, 2-fluoromethyloctyloxy for example. Very
preferred are 2-hexyl, 2-octyl, 2-octyloxy, 1,1,1-trifluoro-2-hexyl, 1,1,1-
trifluoro-2-octyl and 1,1, 1-trifluoro-2-octyloxy.

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

In another preferred embodiment of the present invention, R'? are
35 independently of each other selected from primary, secondary or tertiary
alkyl or alkoxy with 1 to 30 C atoms, wherein one or more H atoms are



CH=CH can be straight-chain or branched. It is preferably straight-chain,
has 2 to 10 C atons and accordingly is preferably vinyl, prop-1-, or
prop2- enyWwo 2b18t010614 2- or but-3-enyl, pent-1-, 2-, 3- oPCpEPRe12/082695 ,

hex-1-, 2-,
oct-1-, 2-,

3-, 4- or hex-5-enyl, hept-19-2-, 3-, 4-, 5- or hept-6-enyl,
3-, 4-, 5-, 206- or oct-7-enyl, non-1-, 2-, 3-, 4-, 5-, 6-, 7-

or non-8-enyl, dec-1-, 2-, 3-, 4-, 5-, 6-, 7-, 8- or dec-9-enyl. Especially

preferred aIkenyI

C7- 1E- al kenyl C4- C7- 3E- al kenyl,

roups are
C5- C7- 4- al kemﬂon@%t @ﬁjlsceaqi QérFyIOT@M aylexyainetarphryl ion hpterbanubay that is
25C2- C7- 1E- aldptpmhlly %@e&%r%hﬂ%ﬁmdte@%d%s@té‘aqé#ﬁgf‘a{bms% 'es for

ropenyl E- but enyl ,

partlcularlyp ferred s are vin
1E- pent enyl , PI®EH &ﬂfppséqﬁ'éﬂ?% sgegtﬁdefﬁgqnt 89reum congisting Bf thexeny! |

3E- hept enyl
and the Ilike. G oups haV| ng up to 5 C 30atons are generally

6- hept gnyl

fdiiqveng dofgrhuiaéZ- hexenyl 4E- hexenyl , 4Z-heptenyl, 5-hexenyl,

preferred. An oxaal kyl group, i.e. where one CH2 group is replaced by -0-,
is preferably straight-ichain 2-oxapropyl (=net hoxymat hyI) 2-

(=et hoxymet hyl ) dg 3- oxabuiyk (=2-fe
2-, 353-, 4- AlKr 5AbKaheqyl, 2-, @

hoxyet hyl ) or 4-oxapentyl,
4- 5- or aheptyl 2-, 3-, 4-,
g - nyI or 2-, 3-, 4-,

5-, 6- or 7- oxaoctyl, ZALKS- 4 ,

5-, 6-,7-, 8- or 9- V\02013/01061PCT/ EP201 002625 7 - oxadecyl, for
exarrpl O<aal kyl, i.e. where one group is repl aced by - 0-, is

pr ef eral())Iy stirai ght chai n 2-oxapropyl (=net hoxyrret hyl), 2- (=ethoxynethyl)
or 3- oxabutyIAL((—Z rret yet hyI 2-ALB- | or 4-qxapentyl, 2-, 3-, 4-, or
5- oxahexyl, 2-, 'QLK o) xaheptyl B-, 4-, 5-, 6- or 7-
5oxaoctyl, 2-, 3-, or 8- 0Xg ALZK-, 3-, 4-, 5-, 6-,7-,

8- or 9- oxadecyl for exarrple

15

20

25

30

35

wherein "ALK" denotes optionally fluorinated, preferably linear, alkyl or
alkoxy with 1 to 20, preferably 1 to 12 C-atoms, in case of tertiary groups
very preferably 1 to 9 C atoms, and the dashed line denotes the link to the
ring to which these groups are attched. Especially preferred among these
groups are those wherein all ALK subgroups are identical.

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

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

=0

}
C

-CO-, -C(=0)- and -C(O)- denote a carbonyl group, i.e. I

The compounds, units and polymers according to the present invention
may also be substituted with a polymerisable or crosslinkable reactive
group, which is optionally protected during the process of forming the
polymer. Particular preferred units polymers of this type are those
comprising one or more units of formula | wherein one or more of R
denote or contain a group P-Sp-. These units and polymers are
particularly useful as semiconductors or charge transport materials, as
they can be crosslinked via the groups P, for example by polymerisation in
situ, during or after processing the polymer into a thin film for a



In an al kyl group wherein one CH2 group is replaced by -0- and one by -
C(0)-, these radicals are preferably nei ghboured. Accordingly these

10r adi calwotoppatib@r f orm a car bonyl oxy group -C(0)-0- oPCaEPIXRORDNY I
group -0-C(0)-. Preferably this group i-2&trai ght-chain and has 2 to 6 C
atons. It is accordingly preferably acetyl oxy, propionyloxy, butyryl oxy,
pent anoyl oxy, hexanoyl oxy, acetyl oxynethyl, propionyl oxynethyl,

but yryl oxynet hyl , nt anoyl oxymet hyl , 2-acetyl oxyethyl, 2-propionyl oxy-
15et hyl , 2- b@?éf'??%?h(j&"p?ﬂ&eb@IY&!?ﬁfQﬁ@ynkeprmeﬂrcfmyﬂswiﬁphmbyl ,

4- acet yl oxybighyrge bairfepxyicbilioanyd higt ﬂh@ﬁﬁﬁ@hﬁé&%‘nica@%ﬁe@ﬁé‘?ﬁwlo”yl ’
but oxycar bon k i{‘i)tﬁnt oxycar bonyl, nethoxycarbonyl net hyl,
et hoxycar boné?‘% yl, propoxycarbonyl net hyl, but oxycarbonyl net hyl,

2- (met hoxycar bonyl ) et hyl , 2-(ethoxycarbonyl)ethyl, 2-(propoxy-

20car bgnyl ) e ( M vd.) ; - (et hoxycar,bonyl ) pr opyl ,

4- (et hoxycatr':‘tﬂ)}%)gneﬁ?tybtﬁtB i %ﬁgﬁgldrgﬁéﬁﬁg\l}\ﬂ%@ ﬁuP%%&e'?ﬁ}?é f@?ﬂ gr oups
are replaced by -0- and/or -C(0)0- can be straight-chain or branched. It is
preferably s izgﬁéﬁ_@éﬁ_ i \C S { OWE . Accordingly it is
preferably b}(:ﬁzcar oxy- @thrbyﬁgﬂa -%EQS)-tar boxy- et hyl ,

3, 3- bi s-car boxy-propyl, 4, 4-bis-carfyoxy- butyl, 5, 5-bis-carboxy-pentyl,
6, 6- bi s- car boxy-hexyl, 7,7-bis-carb yl, 8, 8-bis-carboxy-octyl,
9, 9- bi gpcar boxy-@onyl , 10,10-bis~¢arb¢ ydecyl ,

4, 43 s- (met hoxycar bonyl ) - but yI ,

bi s- (met hoxycarkponyl ) - net hyl , 2, 2- met hoxycar bony1l) - et hyl ,
303, 3- bi s- (et ho f%,gé}ru ~propyl, ,
5, 5-bi s- ( metWoxycat Hodyt )™ pent yl , 086, 6- bi s- LWzy_ﬁgg(b_(,) )£¢ X&O)»
7, 7-bi s(net hox%;ar twqyl%h?g){\lﬁ 8, 8- bi s (et foxycat bohy Iy-'oct T
bi s( et hoxycalBay GVnERYE (O N (HareW ol @xNidn pH - 6HRGH-O-,
3, 3- bi s( et hoxgrREOMHIN-OCEDY., (CH,4EhLEHBERRBYE EYROMY)=®I HH-GR; 5- bi s-
35(ethqgycarbapyLEHBKLI,N-, (CH,=CH-CHy),N-C(O)-, HO-CWANS- HS-CW2W?2.,
HW?2N-, HO-CW*W3-NH-, CH2=CH-(C(O)-O)«i-Phe-(O)xa-, CH,=CH-
(C(O))x1-Phe-(O)xz-, Phe-CH=CH-, HOOC-, OCN-, and W*W3WF®Si-, with
W' being H, F, CI, CN, CF3, phenyl or alkyl with 1 to 5 C-atoms, in
particular H, Cl or CH3, W? and W? being independently of each other H or
20 alky! with 1 to 5 C-atoms, in particular H, methyl, ethyl or n-propyl, W*, W°
and W® being independently of each other ClI, oxaalkyl or oxacarbonylalkyl
with 1 to 5 C-atoms, W’ and W® being independently of each other H, Cl or
alkyl with 1 to 5 C-atoms, Phe being 1,4-phenylene that is optionally
substituted by one or more groups L as defined above, ki, k, and ks being
25 independently of each other 0 or 1, k; preferably being 1, and k, 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

30 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 (1 981),
like for example acetals or ketals.

35 Especially preferred groups P are CH,=CH-C(0)-O-, CH2=C(CHj3)-C(0)-0O-
, CH=CF-C(0)-0O-, CH>=CH-0-, (CH2=CH),CH-0-C(O)-, (CH,=CH),CH-



WO 2013/ 010614PCT/ EP2012/ 002625 - 18 - A thioal kyl group, i.e where one CH2
group is replaced by -S-, is preferably straight-chain thionethyl (-SC H3),
1-t hi oet D 20138@HRACH3) , 1- thi opropyl (= -SCH2CH2CH3), ZPCT(EPRI1QIO0L6F ) ,

1- (thiopentyl), 1-(thiohexyl), 1- (thiet&ptyl), 1-(thiooctyl),

1- (thiononyl), 1-(thiodecyl), 1-(thioundecyl) or 1- 5(thiododecyl), wherein
preferably the CH2 group adjacent to the sp2 hybridised vinyl carbon atom
is replaced. A fluoroal kyl group i preferably perfluoroal kyl wherein i is
an integer from2l1.to 15, in g%\icul ar CF3, C2F5, C3F7, C4F9, C5F11,

C6F13, 10C7F15 or 08523 very pr ably C6F13, or partially fluorinated
al kyl, in partignP —t=di f | poydl KACHatOof which are straight-chain or
branched. The’above-mentio al kyl , al koxy, al kergmotectedderyativashi oal kyl ,
ca f?”y@' alnd thersobrifinther greterrsd gesupseP éﬁé‘isg@lk):teilfflrém t?algrtege;éeﬁsastipg

articuyl ar r ir I s are 2- =1-ne ro :
oot bl but y127 Bl RETE. pRnSERERR, Ridingon/atd. elifcndate, oxetan
2- propy! pent ynd epoXyagroups| werypreferablylfimm dn, adtyksed by hizthaorylate group.
2- met hyl pent oxy, 3-nmet hyl pent oxy, 2-ethyl hexoxy, 1-nethyl hexoxy,

2-octyl oxy, 2-oxa-3-nethylbutyl, 3-oxa-4-nethylpentyl, 4-nethylhexyl,
2-hexyl, 2-odlglymedsalinn,pf graLpdR ¢an be crraedyaut ascending toMettymts thay are

6- met hyl oct . ) . B} )
2ot gty D e B vl oy e LA o

chl or opr opi or@l o;%, e@-cgﬁ %/5" ﬁgt%{? 'Q%?VPWQ{X';, em., 1991, 192, 59

2-chl or o- 4- net hyl - val eryl oxy, 2-chl oro- 3-net hyl val eryl oxy,

2- et hyl - 3- s n 3 . 1-net 1-2- :

L ot hoxypr opyleand seaeararaly & RAGHTSY bt Bhd SBh e Niacsy aidiescy,

2-f 1 uor ooct yigk@re knawmén Hieeedinary expett (see . .| RareoAp@- Ghexl. 02911,

1,1, 1-trifl t | @i f d
are 2. hexyl ???%%fgf_; ’2%%?%32%‘{*‘“1@%?@??“ $oRimBEREPLR, syl thdt & 1 e
trifluoro-2- &ePPr AP RSB uor o- 2- oct vl oxy. ~

Sp' is alkylene with up to 30 C atoms which is unsubstituted or
mono- or polysubstituted by F, ClI, Br, | or CN, it being also
possible for one or more non-adjacent CH, groups to be

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

another,
25

X' is -O-, -8-, -C(0)-, -C(0)0-, -OC(0)-, -0-C(0)O-, -C(0)-NR?-,
-NR®-C(O)-, -NR’-C(0)-NR®-, -OCH,-, -CH,O-, -SCHy-, -
CH,S-, -CF20-, -OCF-, -CF;S-, -SCF-, -CF,CH,-, -CH,CF-,
-CF2CFz-, -CH=N-, -N=CH-, -N=N-, -CH=CR’-, -CY'=CYZ, -

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

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

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



30Preferred achiral branched groups are isopropyl, isobutyl

(=net hyl propyl ), isopentyl (=3-nethylbutyl), tert. butyl, isopropoxy,

2- met hyl -woapxyoand 3- net hyl but oxy. | n anot her pref er pet/EPatioaizeht of
the present invention, RL'2 are 35i ndepedlent|ly of each other selected from
primary, secondary or tertiary alkyl or alkoxy with 1 to 30 C atons,
wherein one or nore H atons are WD 2013/ 010614PCT/ EP2012/ 002625 - 19 -

optionally replaced by F, or aryl, aryl OXé, het er oaryl or heteroaryl oxy
that is optidnad Piefardbly 2PedSor “QEKexyChkOd -8GHNaLH,$-0-GF,04 rOCE NS .

Very preferre@rgsoustot -OHCHYPERYCH SIS _f_rcg;rgctﬁ*n_e BRuUg. consi sting
of the follo '_rtg fo%a’e _glR% th%e_i ALK denot €5 8ptional I'y
f1 uori nat ed, \%)‘r Har Mo rEREGR a1 I=Cof -a1lasxyond sigle bendon partiewaabl y 1
to 12 C at onsQ-j 48-caBeCaf-QErOYEr pr graingle bomdy IParbtBeaBlafedetlio 9 C at ons,
and t he dash ' 3 ' t ring ta which these groups are
att ched. Esp%&%%?‘eg&z? lff?@é’fg%%ﬂr'%{lﬁ? %ggee{a)%BEPcﬁf)%mﬁg%tefjl‘ﬁ}?ée%%g@? n all
ALK subgr oup@safeG-onG Y aiCY - ayaeirle bengr ef er abl y - CH=CH-, - CF=CF- or
-CH=C(CN)-. Halogen is F, d, Br or I, preferably F, d or Br.

Typical groups Sp' are, for example, ~(CH2)p-, -(CH,CH,0)q -CH,CH,-, -

CH2CH2-S-CH2CHz- or -CH,CH2-NH-CH2CH,- or -(SiR°R®-0),-, with p

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

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

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

1

If R and/or R? in formula | denote substituted aryl or heteroaryl, it is

20 preferably substituted by one or more groups L, wherein L is selected from
P-Sp-, F, Cl, Br, |, -OH, -CN, -NO; , -NCO, -NCS, -OCN, -SCN, -
C(=0)NR°R®, -C(=0)X°, -C(=O)R°, -NR°R™, C(=0)OH, optionally
substituted aryl or heteroaryl having 4 to 20 ring atoms, or straight chain,
branched or cyclic alkyl with 1 to 20, preferably 1 to 12 C atoms wherein

25 one or more non-adjacent CH, groups are optionally replaced, in each
case independently from one another, by -O-, -S-, -NR’-, -SiR°R-. -
C(=0)-, -C(=0)0-, -CY'=CY?- or -C=C- in such a manner that O and/or S
atoms are not linked directly to one another and which is unsubstituted or
substituted with one or more F or Cl atoms or OH groups, and X° is

30 halogen, preferably F, Cl or Br, and Y', Y? R’ and R® have the meanings
given above and below.

Preferably R' and R? denote straight-chain, branched or cyclic alky! with 1
to 30 C atoms which is unsubsituted or substituted by one or more F
35 atoms.



ol1 ,C -CO, -C(=0)- and -C(0)- denote a carbonyl group, i.e. " The
conpounds, units and polyners according to the present invention may al so
be substiwotets/aapdih a pol ynmeri sabl e or crosslinkabl e re&CTiRreoignoseps whi ch
is optionally protected during the proeé¥-of form ng the pol yner.
Particular preferred units polyners of this type are those conprising one
or nore units of formula | wherein one or nore of R' denote or contain a
group P-Sp-. These units and polyners are particularly useful as

seni conduct ofyrﬁwercnﬁ@eg%blv&r@pbﬁ togetber with thaspfwbridised IR atmoof| | nked

via the gr Oulﬁﬁe Blkyli@ene Xeomb forRy a Q‘}bh’é"ﬁfdu?ﬁ\kiﬂ?H\AB@OSCtéfomg“Hé?Qra%y gfter

processing th Into,a thi

2013/ 010614P& /@Fé@i%‘éo‘ﬁ’ 54 is %Ubsélé‘ﬁ#é&rw&étwe%Bwﬂ@ﬁ@ftmorteoFy| el d
crosslinked ptbryser dyi drmes oniridre Q90 LdilkyIgRoaps.r i er nobility and high
thermak, mechanical and chemical stability. SPreferably the pol ynmerisable
or crosslinkable group P is selected fromO CH2=CWL- C(0) - 0-, CHz2=CwWi-C(0) -
"0 Further preferably one of R' and R? is H and the other is dlfferent from H,

and is preferably straight-chain, branched or cyclic alky! with 1 to 30 C
atoms which is unsubsituted or substituted by one or more F atoms.

10 Further preferably R" and/or R? are independently of each other selected
from the group consisting of aryl and heteroaryl, each of which is
optionally fluorinated, alkylated or alkoxylated and has 4 to 30 ring atom:s.

In one preferred embodiment of the present invention R denotes H. In

15 another preferred embodiment of the present invention R is different from
H and has one of the preferred meanings of R’ as given above, very
preferably straight-chain, branched or cyclic alkyl with 1 to 30 C atoms
which is unsubsituted or substituted by one or more F atoms.

20 The compounds according to the present invention include monomers,
oligomers and polymers.

Oligomers and polymers according to the present invention preferably
comprise one or more units of formula | as defined above and below.

25
Preferred polymers according to the present invention comprise one or
more repeating units of formula I
[(Ar)a-(U)e-(ArP)e~(Ar)g)- n
30
wherein
U is a unit of formula |,
35 Ar', A%, Ar® are, on each occurrence identically or differently, and

independently of each other, aryl or heteroaryl that is



(CH2) 1(.70- ,0, CH2=CWe-(0)ki-, CM=CH C(0)- (0)k3-, CM=CH C(0)-NH,
CH2=CWL- C(0) - N\H-, CH3- CH=CH 0-, (CH2=CH)2CH OC(0) -

(CH2=CH- GMR)2B3H1@B1€( 0) -, ( CH2=CH) 2CH 0-, 15( CH2=CH CH2) PRHT/EP2012/002625
(CH2=CH CH2) 2N- C(0) -, HO CWewB-, HS- Cvedst; HW2N-, HO CV2WB- NH-,

CH2=CH ( C(0) - 0) ki - Phe- (0) k2-, CH2=CH(C(0)) ki - Phe-(0)k2-, Phe-CH=CH , HOCC-,
OCN-, and WMAW61/V6Si -, with WL being H F, d, CN, CF3, phenyl or alkyl
with 1 to 5 Catons, in particular H d orCHB W2 and WB bei ng

i ndependent |y of each (m%@r,enﬂfr@m bloarefgrably has 6 to@ iy atams, andispar t i cul ar

M methyl, ethyl or n- Rigtlally absttand et B9 draAGpRASpldpoks each

ot her O, oxaal kyl or oxacarbonyl al kyl wth at ons '8 bei ng
i ndependently of each other H C or alkyl with 1 to 5 C atons, Phe being

ot heg dbove, i k3 NS, BB BOEAPDRRAET o gt (el 0107 1. ks

i % [

preferably being 1, an )@%lahg'("gr?2 ngg g&;{f {Tn(é)@% '%0' 9&&5@? natively P

is a protected derivat iG&® tNids e NGB s Sih -8RYj <5 Q- SERR0 weHunges, t he

condi tions described fopp,hemyr Bﬁﬁéﬁa'wﬂwg%%ﬂ%{t ggg)jg esent invention.
8%3@98 M cri bed

Sui tabl e protective gr ou&; are e or
inthe literature, for V¥ P 40;( atyras that: 'PP@t'@ﬂ@'iW@Jt@‘tMpd and Organic

Synthesis”, John W1 ey @nS Sormi¥iseonk dr HGDhetbld St @pepl e acetal s
or ketalys. WO 2013/010 14PCT/ EP2012/ 002625 - 21 - K nd W or

protected deri vat| ves .
R%and R are independently of each other H or optionally substituted

C1.40 carbyl or hydrocarbyl, and preferably H or alkyl with 1 to
12 C-atoms,

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

x° is halogen, preferably F, C! or Br,
20

a,bandc are on each occurrence identically or differently 0, 1 or 2,

d is on each occurrence identically or differently 0 or an integer
from 1 to 10,
25
wherein the polymer comprises at least one repeating unit of formula it
wherein b is at least 1.

Further preferred polymers according to the present invention comprise, in
30 addition to the units of formula | or Il, one or more repeating units selected

from monocyclic or polycyclic aryl or heteroary! groups that are optionally
substituted.

These additional repeating units are preferably selected of formula ||
35

LA a-(A o (AP)-(ArP)g]- I



thereof. Further preferred groups P are selected fromthe group consisting
50f vinyloxy, acrylate, nethacrylate, fluoroacrylate, chloracrylate, oxetan
and epoxywg@rouwpspeivery preferably froman acryl ate or meChareyzavms2yr oup.
Pol yneri sation of group P can be carrie®%ut according to nethods that are
known to the ordinary expert and described in the literature, for exanple
in 10D. J. Broer; G Challa; G N M, MicronoL Chem, 1991, 192, 59. The
term "spacer group” is known in prior art and suitable spacer groups Sp are
known to the ordinary expert (see e.g. Pure App!. Chem, 2011, 73(5), 888.
The spacer gmmel@eiﬁmﬂsw?r ettrér@lthc@fﬁd a%rralasad%eu%rfomg |F %fd ADR-Sp- 1S

P-Sp' - X -, wherei ne w 'S unsubstltut ed

or nono- or BBI%E% 6?‘?6‘?%@?9?‘#’ tthéf 1S (@%ferqnt(grpnt“ anq Abeln @gefér%fdyrbwm bl e
i o(r]I onedor |m5rte 3ringditerosnis @ﬂ[brgﬂynspbsmtotéwby oné ¢ ffbrel g}ogag IRCas€

i ndeperdent | Ror - soom -
1 8) G gl) Bﬁ@@ag%?s)eﬁmf Q&g& %ﬂdds %refgraalb?eleré@(fégmséryl OlcH=CH or - CC-
in such a naﬁﬁt&foﬁﬁdgfwréﬁnbﬁémgﬁelaﬂmam@ptaoprdperﬂ&sjwheremtthyé to one

anot her, Eolcqnerocompﬁses aqe%)st ong %&é&g&ﬂ%ﬁbgﬂﬂ@oﬂﬂ%n bis ) NR-,

NR-C(O)- - OCH2-, - CH2O-
- CF2S-, TeF2CH2-, - CHRCF2-, CF2CF2-, -CHEN-, -N=CH, - NEN-,
- CH=CR- -CYl CY2-, - 30CC-, -CH=CH C(0)0-, -0C(0)-CH=CH or a single bond,

R and Repre iuisBAdERi ks Bhe SPElL AIIIndd Gledhiof W th 1 to 12 Catom,

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

15
@ v

wherein
20 A is a unit of formula |,
B Is a unit that is different from A and comprises one or more aryl
or heteroaryl groups that are optionally substituted, and is
preferably selected of formula I,
25
X is>0and =<1,
y is20and<1,

30 X+y is 1, and
n is an integer >1.

Preferred polymers of formula IV are selected of the following formulae
35

*[(Ar'-U-Ar),-(Ar) - IVa



35yl and Y2 are independently of each other H F, d or CN. WO

2013/ 010614PCT/ EP2012/ 002625 - 22 - X is preferably -0-, -S, -OCH2-,

- CH20-, -\80HB13/018€H2S- , - 0OCF2-, -CF2S-, -SCF2-, -CH2CH2- PCTEP2@3RiD02625
-CH2CF2-, -CF2CF2-, -CH=N-, - N=CH, -N26; -CH=CR-, -CY1=CY2-, -Ca-C or a
single bond, in particular -0-, -S,-CY1=CY2- or a single bond. In another
preferred 5enbodinment X' is a group that is able to forma conjugated
system such as -CC- or -CY1l=CY2-, or a single bond. Typical groups Sp'
are, for exanple, -(CH2)p-, -(CH2CH20)q -CH2CH2-, - CH2CH2-S- CH2CH2- or

- CH2CH2- NH- CHZGR2-U-9P ) (ArRRr)))p*, with p 10being an integgy,from2 to 12,
g being an integer from1l to 3 and R and R having the neani ngs given above.
Preferred groups Sp' are ethyl ene, propyl ene, butyl ene, pentylene,

hexyl ene, hep{(ABAS AN LAE-Ardiyt ene, decyl ene, undecy! eyg,

15dodeegyl ene, octadecyl ene, ethyl eneoxyet hyl ene, nethyl eneoxybutyl ene,

et hyl ene-t hi get hyl ene, ethyl ene-N-nmet hyl -i mi noet hyl ene, 1-net hyl al kyl ene,

*

et henyl ene, pritvehylWedABMd(Afilabry| ene for exanple. If RL &dd/or R2 in
formula | denote substituted aryl or heteroaryl, it is 20preferably

substituted Ry qng or r rojyps L, wherein,L is,selected fromP-Sp-, F,
d, Br, I, - oﬁ[@.r&?tl)%ﬁ%—umsm.)@@\rf)@-@d)ply»-*q =0)¥®R, - C(=0) X,
-C(=0)R, -NRo.-so00, C(0O)CH, optionally substituted aryl or heteroaryl
havi ng to [ a .2 0L 35} rai ght ai n,. brapched or cyclic alkyl with
1to 2 @ or e%\&\rear% yUZLAF gli\fZ /&'3 ’a%’ot??rscgﬂ\ﬁ’\%% dye’in eacR occurrence 1dentically

or differently one of the meanings given in formula Il, A’ has on each

occurrence identically or differently one of the meanings given in formula

lll, and x, y and n are as defined in formula IV, wherein these polymers

can be alternating or random copolymers, and wherein in formula IVd and

15 IVe in at least one of the repeating units [(Ar"),-(U)b-(Ar2)c-(Ar)¢] and in at
least one of the repeating units [(Ar')a-(A")o-(Ar2)-(Ar)4] b is at least 1.

In the polymers according to the present invention, the total number of
repeating units n is preferably from 2 to 10,000. The total number of

20 repeating units n is preferably > 5, very preferably > 10, most preferably = 50,
and preferably < 500, very preferably < 1,000, most preferably < 2,000,
including any combination of the aforementioned lower and upper limits of n.

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

Especially preferred are polymers selected from the following groups:
30 - Group A consisting of homopolymers of the unit U or (Ar'-U) or (Ar'-U-
Ar) or (Ar'-U-Ar’) or (U-A-AP) or (Ar'-U-Ar-AP), i.e. where all

repeating units are identical, ,

- Group B consisting of random or alternating copolymers formed by
35 identical units (Ar'-U-Ar%) and identical units (Ar%),



250ne or nore non-adjacent CH2 groups are optionally replaced, in each case
i ndependently from one another, by -0-, -S-, -NR-, - SIiROR0O0_, C(=0)-,

- C(=0) 0- ,WoQ¥B#TYA4 orin such a manner that 0 and/or S a&ComP2@2MOR: | | nked
directly to one another and which is unsdibstituted or substituted with one
or nore F or CI atons or OH groups, and X is 30hal ogen, preferably F, O or
Br, and Y1, Y2, R and R have the neanings given above and bel ow. Preferably
Rl and R2 denotg strajght-chain, branched or cyclic alkyl with 1 to
30 C atonms whi cRIPYP sting eﬁfad}dowﬁéﬁlt@f@?@gwppolymeﬁ foned By35at ons.
WO 2013/010614Pﬁ“éhEiE’2IQ1rﬂfSOOS&ﬁZBATZ&%31d-idEHﬁé&anitBr(R“)‘?rab' y Rl and R2
together with the sp2-hybridised atom of the al'kylidene group forma
cyclic group with 1 to 20 C atons, preferably 1 to 10 C atons, which is
unsubsi t ut ed -or Gsodys Di cansastiig obramdom opakterRatihgeepolynidts gevengd byore C, -C, 0
al kyl oups. 5 - Jr of en a . AB and the other is
di fferg]t from Iﬂ%Hg% q{négp@gf é’rﬁgﬁya%sﬁﬁ(rjg{%%-u@ﬂgi(g%%r"é“?éhed or cyclic
alkyl with 1 to 30 C atons which is unsubsituted or substituted by one or

nore F atorrswhg}gwm@rthgggfg%g&u@n’ Apt,i/ 35@ ag(rjé' ﬁgggﬁﬁ@gg Io¥80f each

ot her selected fromthe group, consisting oL ary nd heteroaryl, €ach of

which is opt iaB'Hat?qci'QWf |’1ﬁ@>'%‘+ﬁ’z§t‘é-o§ a&ﬂ@ﬁ&ﬁ 8Pd AR exs Hiffesentdremieas 4 to 30

rHi n? atons. ksinglaeopdehed iedraupDdirmest ABfardRPIhay elo déndatd SRgR denot es
- 1N 10 bond .

Further preferred are copolymers selected from the group consisting of the
following subformulae

15

V1
20

V2
25

V3
30

V4

35




15anot her preferred enbodi nent of the present invention Ris different from
H and has one of the preferred neanings of RL as given above, very

pr ef er ablwosbr3ailgditt- chai n, branched or cyclic al kyl w tRCI/EP0I2002628t OB
which is unsubsituted or substituted by 2Bhe or nore F atons. 20The
conpounds according to the present invention include nononers, oligoners
and polyners. Aigoners and polyners according to the present invention
preferably conprise one or ngre units of formula | as defined above and

bel ow. 25 Preferred pglyners acdording to the present invention conprise
one Or nore rep 0 @“’ -f(Arl)a- (U b-(/4r2)c-(Ar3)d] ii
30 wherein is a‘“undt O Sy P | Ar2, Ar3 are, on each occurrence
identically or diffegenthly, andstndepeRdent) . each other, aryl or
heteroaryl that is PCT/BP2012/002625 - 24%Fdinfferent fromU, preferably
has 5 tgo 30 ring atoms, and is optionally substituted, preferably by one or
nore groups RS, .

IV6
10
v7
15
20 V8
25
V9
30
V10

35



is on each occurrence identically or differently F, Br, O, -CN, - NC,
-NCO, -NCS, -QOCN, -SCN, -C(O)NRR, -C(0)X, - C(0O)R -NH2, -NRR -SH, -SR,
- SO3H, - SEPRY13/0DBG14- NO2, - CF3, -SF5, optionally substiteCe®rséizpbe2&ar byl
or hydrocarbyl with 1 to 40 C atons that29s optionally substituted and
optionally conprises one or nore hetero atons, or P-Sp-, are independently
of each other H or optionally substituted Cl 40 car byl or hydrocarbyl, and
preferably Hor alkyl with Igto 12 C-atons, 15Pis a polynerisable or

Spi ¥ a single bond, Xis hal ogen,
occurrendeti dentically or
pmtically or differently O

C|O I r g

or an integer from 1R 0 S E elnsth pol ymer conprises at |east one
repeating unit of formula Il wherein b isft least 1. Further preferred

pol ymemss according to the present invention conprise, in 30 addition to the
units of formula | or one @r nore repeating units selected from

nonocyclic or pol ycyc groups that are optionally
substituted. Thdg

formula Il 35 -

c aryl Ret er oaryl

10 R R

IV13
15
V14
20
wherein R has on each occurrence identically or differently one of the
meanings of R' as given in formula I.
25
Preferred polymers of formulae IV, IVa-IVe and IV1-1V14 are selected of
formula V
R°-chain-R® %
30

wherein “chain” denotes a polymer chain of formulae IV, IVa-IVe or IV1-
V14, and R’ and R® have independently of each other one of the
meanings of R' as defined above, and preferably denote, independently of
each other F, Br, Cl, H, -CH,Cl, -CHO, -CH=CH,, -SiR'R"R™, -SnR'R"R"", -
35 BR'R", -B(OR)(OR"), -B(OH), -ZnCl, -MgCl, -MgBr or P-Sp-, wherein P
and Sp are as defined above, and R', R" and R" have independently of



WO 2013/ 010614PCT/ EP2012/ 002625 - 25 - wherein Arl, Ar2, Ar3, a, b, c and d
are as defined in fornmula Il, and Al is an aryl or heteroaryl group that is
di f f erentwbnromao@nd Arl-3, preferably has 5 to 30 ri ngParmee(12i082625
optionally substituted by one or nore gB80ups Rs as 5defi ned above and

bel ow, and is preferably selected fromaryl or heteroaryl groups having

el ectron acceptor properties, wherein the polyner conprises at |east one
repeating unit of formula Il wherein b js at |east 1. 10Rs preferably has
one of the nBashRerneaf thermraningsofRraudefinet pbovyersms maxof R, Ry to t he

present i nveshti R aiay aiseffomabl sho RIgeeh vt tohatdrdalof 1 Tl ey B)Y L
S | e

.IVV\hereinZOAiéa}I]uitof formulal, Bis a unit that | refnt fromA
and conpri se8AEAG %or e aryl or heteroaryl groups that are optionally
substituted, and is preferably selected of formula Ill, 25 xis > 0 and 1,

yi's 0 gnd < (b 430X, 5m¥rS rdpreBAted By At R?,rl\fagwe, IV1-IV14 and V, x
denotes the mole fraction of units A, y denotes the mole fraction of units B,
and n denotes the degree of polymerisation or total number of units A and
B. These formulae includes block copolymers, random or statistical
copolymers and alternating copoymers of A and B, as well as

10 homopolymers of A for the case when x is > 0 and y is 0.

Monomers according to the present invention preferably comprise a unit of
formula | as defined above and below, and one or more reactive functional
groups which are attached to the unit of formula | and which can be

15 reacted to form a polymer.

Preferably the monomers are selected of formula VI

R%Ar'-U-Ar"-R™ Vi
20
wherein U, Ar' and Ar? have the meanings of formula Il and V. or one of
the preferred meanings as described above and below, and R® and R'®
independently of each other denote F, Br, Cl, -CH,Cl, -CHO, -CH=CH,, -
SIRR"R™, -SnR'R"R"™, -BR'R", -B(OR')(OR"), -B(OH),, -ZnCl, -MgCl, or -
25 MgBr, wherein R', R" and R™ have independently of each other one of the
meanings of R° as defined above, and two of R', R"and R" may also form
a ring together with the hetero atom to which they are attached.

Especially preferred are monomers of formula VI wherein R® and R™ are,

30 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?), , -CZ°=C(Z?),, -C=CH, -C=CSi(Z";, -ZnX and -Sn(Z%)s,
wherein Z'* are selected from the group consisting of alkyl and aryl, each

being optionally substituted, and two groups Z2 may also form a cyclic group,
35 and X is a halogen atom.



35Preferred polynmers of fornmula IV are selected of the follow ng fornul ae
*[(Ar1l4U-Ar2),(-(Ar3)yjn-*1Va WD 2013/010614PCT/ EP2012/ 002625 - 26 -

*- [ (Arl - bwargisyorediAr 3- Ar3) "], -*I1Vb *-[ (Arl - U- Ar 2) x- ( Ar 3PATAP20130M2623 VVC 5
*[(Arl)a-(Ub-(Ar2).-(Ar3)d],-*1'Vd -31-
*([(Ari)a-(Ub-(Ar2)c(Ar3)d].-[(Arl)a-(ALl)b-(Ar2)c-(Ar3)4,),-*1Ve
10wherein U, Arl, Ar2, Ar3, a, b, c¢c and d have in each occurrence

identically o(pi.di fferent lF{OA-\Oﬂe of the meanings given in fornula Il, A has
on each occur?4RBENGERMAAYNDS ancogding de &r plesentinyentine are aréfegablyi ven i n
formula |11, setected of formeula \Mite as defined in fornula IV, wherein these

pol ynmers can be alternating or random copol yners, and wherein in formul a
I'vd and 151 Ve in at |east one of the repeating units_,
[(Arl).-(Ub-(Ar2)c-(Ar3)d] and in at |8ast \@ne ‘ dLR™Ng units
[(Arl)& (Al ) b-(Ar2)c-(Ar3)d] b,is at |eag . ' : yn#r's according to
the present invertiong the-to¥al pMabes & UuMts g IS R/referably
from2 to 10, 000. yHye }eo @ pf* 20repeating units nis pre é'rably 5,
very preferabl g3, ,-noSt =€t erabl y R0, and preferably 500, very preferably
5. 1,000, nost preyerabﬁy 5 2,000, including any conbination of the

af orenenti oned | ower and upper limts of n.

wherein R, V', V2, X', X2, Y' and Y2 are as defined in formula I,

10

z' denotes a single bond, (CY'=CY?),, (C=C)y, wherein h =1 or 2,
or Ar®, wherein Ar® has one of the meanings of Ar' or Ar® as

given in formula i or one of the preferred meanings of Ar' or AP
as given above and below,

15

R” and R® independently of each other denote H, F, Br, Cl. -CN, -NC, -NCO,
-NCS, -OCN, -SCN, -C(O)NRR®, -C(0)X?, -C(O)R?, -C(O)OR",
-0-C(O)R®, -NHg, -NR°R®, -SH, -SR®, -SO3H, -SO,R°, -OH, -
NO,, -CFj, -SFs, P-Sp-, or optionally substituted silyl, carby! or
hydrocarbyl with 1 to 40 C atoms that is optionally substituted
and optionally comprises one or more hetero atoms, and wherein
one or more C atoms are optionally replaced by a hetero atom,
and R® R% and X° are as defined in formula Il, and

20

25 gis1,2o0r3.

Especially preferred oligomeric compounds of formula VII are selected
from the following formulae:

30

35



The polyners of the present invention include honopol yners and

25copol yners, like statistical or random copol yners, alternating copol yners
and bl ockwoapolyn@ans, as well as conbi nations thereof. Espape@kioges ef erred
are polymers selected fromthe fol | owi ndZroups: 30- Goup A consisting of
honopol ynmers of the unit Uor (Arl-U or (Arl-U Ar2) or (Arl-UAr3) or

(U Ar2-Ar3) or (Arl-U Ar2-Ar3), i.e. where all repeating units are

i dentical" - Goup B cgnsisting of random or alternating copol yners
formed by 35i denti cal r\ymts (Ar)<R-Ar2) and identical units (Ar3), WD
2013/ 010614PCTLERP2417 7 - 5 Goup C gonsisfing of random or

al ternating copol yn#l eticaly |4 Ar 1J/U- Ar2) and i denti cal
units (A1), Joup al ter natl ngViib
copolynmers fornmed by Rrdenti cal anrts (Arl-U A dnt y-cak
(Arl-Ag-Ar2), wherein inRall these groups U, and Ar3 are as
defi ned above and below, in groups A B and T A , Ar2 and Ar3 are
different froma single bond, and in group D one of Arl and Ar2 may al so
denote a single 10bond, Further pref erred are copol yners selected fromthe
group consi swhegemthHé Yo R oaich B snbbsdefined in formula VI, and Z has one

of the meanings of Z* as given in formula ViI.

10

Especially preferred are repeating units, monomers, oligomers and

polymers of formulae |, II, I, IV, IVa-IVe, V, VI, VIl and their subformulae,

wherein one or more of Ar', Ar” and Ar® denote aryl or heteroaryl,

preferably having electron donor properties, selected from the group
15 consisting of the following formulae

11
* S *
20 (D1) (D2) (DS) (D4)
R‘H R12
R R R R" R
/ A\

25 [\ /0 TN T y

o7 Y Tse R' > R'?

(D5) (D6) (D7) (D8)
30 R11 R” R" RY
N N N N
N, N\ — S 7 N\
Q N
R12 R12 R12 R12
(D9) (D10) (D11) (D12)

35



25 30 WD 2013/ 010614PCT/ EP2012/ 002625 - 29 - 5 10

WO 2013/010614 PCT/EP2012/002625
-33-
R13
R1 R R"
[ S Sy
. * R'2 R'2 S » RY o .
(D13) (D14) (D15)
R11
i *m ) R R
R N \ \
'|Q13 R12 Se * R12 S)\*
(D16) (D17) (D18)
15 s R12 R11 R12 Se R12
\ /\ * *m* m
R S S R" Se
20 (D19) (D20) (D21)
RM R™ ol R R" R'2
.m* m * / \ *
o5 Se” “Se R" X" X" T~x"2
(D22) (D23) (D24)
R11 12 S R12
* O O
30 — T D— /A
sT N R" N ’ 7\
R13 R13 * S *
(D25) (D26) (D27)

35



Ivi2 15 1V13 wherein R has on each occurrence identically or
differently one of the neanings of Rl as given in formula |I. 25 Preferred
pol yner s wo 2bwarodiae |1V, |Va-1Ve and |V1-1V14 are sel eceeu/EpRoi2onzees a V

R5- chai n- R6V 30 wherein "chain" denotes 3 pol yner chain of fornulae 1V,

| Va-1 Ve or 1V1- 1V14, and R5 and R6 have independently of each other one of
the nmeani ngs of Rl as defined above, and preferably denote, independently
of each other F, a, H -CHd, -CHO -CH=CH2, -S,RR'R'"', -SnR R'R', -
35BR R', -B(OR) -B(OH)2, -zrCl, -Mgd, -MBr P- Sp-, wherein P

R'2 B2 Tz
5
(D28) (D29) (D30)
R R" R'2
10 J S S N\
* S / %* *—<\N S>___*
R™ R" RM
(D31) (D32)
15
R'
13
R Z g
R . .
20
N S o 14
M A
S * 12
(D33) (D34) (D35)
25 r" R" R

S N RM/N N (@) N
1. Y. Y.
R R R"2

(D36) (D37) (D38)

35



and Sp are as defined above, and R, R' and R " have independently of WD
2013/ 010614PCT/ EP2012/ 002625 - 30 - each other one of the neanings of R as
defi ned awowvei3/amdstwo of R, R' and R' may al so form aPcirmgp2eiogeteher with
the hetero atomto which they are attach¥d: 5In the polymers represented by
formulae 1V, IVa-1Ve, I1V1-1V14 and V, x denotes the nole fraction of units
A, y denotes the nole fraction of units B, and n denotes the degree of

pol ymeri sati on or total nunber of unifs and B. These fornmnul ae includes

bl ock copolyneRs random or statistic eopol yners and alternating

copoyners of A a Nas &l | as 10hopopolymers of A for the case when x is
nmers a .di ng 8sent invention preferably
| as”dé Qovg and bel ow, and one or nore

>0 and y is.
conprise a unit

reactive functional oups\ whi ch ar-1attaC”-g to the unit of formula I and
whi ch gan be 15reacted to Rorm a poﬁyner M eferably the nononers are

sel ected of fornul @D¥Y) RO- Ar 1- U- Ar ?(D%}/' 20 wherein U, Arl and Ar2 have the

meani ngs of formula Il and V, or one of the preferred nmeani ngs as descri bed
above and bel ow, and R and Rl independently of each other denote F, Br,
a, -cHd, -CHO - CH2, - SRR'R'", -ShRR'R", -BRR', -B(OR)(OR"),

-B(OH) 2, -znCl, -MCly or - 25 MyBr, wh rein R, ' and R' have
i ndependent |y of eaeh dther one of the Tmani ngs of R as defl ned above, and

two of 48, R’ _apd R o forry i ng yet he etero atomto
which they are 2 gpecia d—are no oj' fornula Vi
wherein RO and RIlare, 13 " 12 oY

R R R R
(D41) (D42) (D43)
15 . S S N N S S .
\ \ /) \ 7/ \ / . \S S
R" R12 R11 Si 12 / \ /
R' R R13/ \R14 R R o) R'2
D44
20 (D44) (D45) (D46)
Rn R12 11\ s 12 S *
T s, S
*/48 S)\* */< )\ 13 R
25 (D47) (D48) (D49)
. S S . 12
\ \ S S R
30 R R12 \ / \ / \
fo) R" S S *
(D30) (D51)
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30preferably independently of each other, selected fromthe group
consisting of d, Br, I, O-tosylate, O-trifiate, O-nesylate, 0O-nonafl ate,

- Si Me2F, wBi2MsRdp614 0- S0271, -B(QZ2)2 , -CzZ3=C(Z3) 2, - C- E6Ir(EP2)13/0026Z0 X and
-Sn(Z4)3, wherein Z1-4 are selected frod@he group consisting of alkyl and
aryl, each being optionally substituted, and two groups Z2 may also forma
cyclic group, 35and X is a halogen atom WO 2013/ 010614PCT/ EP2012/ 002625 -
31 - digoneric conpq?mdsR@ccordi ng to the pregsgent invention are preferably
selected of fornmula VII 1Qykerein R V1, V3 X1,g¥2, Y1 and Y2 are as
defined in for~y I engres a Si*fAg hong X¥=CY2)h, (CCh, wherein h
=1 or 2, erei n Ar5\hag \he neani ngs of Arl or
Ar3 as given in/fo g@f ~ene of,; 2ani ngs of Ail or Ar3
15as given abdve hel ow” R7 and B8 i ndeplendent y of each other denote H,
F, Br,s50, -CN, - CO, 0-C(0)R, -NH2, ®“NRR -SH, -SR -S03H -S2R
-OH, - (D52) (D53)
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NCS, -OCN, -SCN, -C(O)NRR, -C(0)X, -C(O0)R, -C(0)OR, N2, -CF3, -SF5, P-Sp-,
or optionally substituted silyl, carbyl or 20hydrocarbyl with 1 to 40 C

at ons t hawoi2s13gpbéienal |y substituted and optional |y conpCcira&Pgoione6ds nore
hetero atoms, and wherein one or nore C3 ons are optionally replaced by a
hetero atom and R, R and X are as defined in fornula Il, and 259 is 1,2 or
3. Especially preferred oligoneric conpounds of formula VII are sel ected
fromthe foll ow ngdiornul,ae: 30 WO 2013/ 010614PCT/ EP2012/ 002625 - 32 -
wherein R V1, V2, Rr_aftl R8 are as defined in formula VI, and Z has one
of the meani ngs gf— Sigs given in forml a VI ESbecR;mI preferred are
repeati ng units; rrd 2 oh:rrers and po‘?y*rgf V#ulae I, (I
IV, 1Va-1Ve, V, K, VI 'n one or m)reof ArI
Ar2 and Ar3 denote aryl Oi\ he /oaryl prefe Lpg ®l ectron donor
propertg es, sel ected frﬁm/tshe group con5| S lowi ng formul ae

(D62) (D63)

10

15
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25

30

(D71) (D72)
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RL' RI1R11 t+-NN- RI2RI2RL NNN\ , . *" | **\ 12 (D9)(D10)(D11) (D12)
WO 2013/ 010614 - 35 - 5R12R11
WO 2013/010614 PCT/EP2012/002625

5
10
(D75) (D76)
15 14
15 6
R . R R’ R'2
s R s
IO OO0
15 R12 11 S
R R'" R R R
20
(D77) (D78)
R® R R® R * R"
* 0 Y
* \ o
S *
rR" 13 14 15 12
R R R R R"
(D79) (D80)

30 * Rn *
ES 5,

R11 / R14 R14 S

R12 R13 R13 R12

35 (D81) (D82)



( D39) ( D40) RI1\ ,R12 Si NNNN /\\. //\,\_ S ---* *__-_\s-* 25(D47)(D48)

(D50) 35
WO 2013/010614 PCT/EP2012/002625
-39.-
» R11
. g _ R™
S
R ) R" O‘
5 ) R" S
R13 R12 R12 .
(D83) (D84) (D85)
10
15
R11
|
o0 O N0
/ \
* N *
&12
25 (D88)
wherein one of X'' and X'2is S and the other is Se, and R", R'2, R'® R
R™, R, R and R'® independently of each other denote H or have one of
the meanings of R as defined above and below.
30

Especially preferred are repeating units, monomers, oligomers and
polymers of formulae I, 1, Ill, IV, IVa-IVe, V, VI, Vil and their subformulae,
wherein one or more of Ar® and A" denote aryl or heteroaryl, preferably
having electron acceptor properties, selected from the group consisting of

the following formul
35 g fo ae



WD 2013/ 010614- 38 - PCT/ EP2012/ 002625 R4  (D77) (D78)

WO 2013/010614 40 PCT/EP2012/002625
R" COOR'™ s O
N N
R~ ANg R~ g \ \
/ \ 7\
5 * S * * S * Rn R12 R11 R12
(A1) (A2) (A3) (A4)
I'IQKS
10 N’Se‘N N/N\N S R R"
\ \ NT N —
N/ \N
/A I\
R11 R12 R11 R12 * S * * S *
15
(AS5) (A6) (A7) (A8)

e ]
. S
20 ' © / N" N
7\ \
N N / RM R2
D U § =4
* st R'? . S S .

25 (A9) (A10) (A11)

0 R R™
N

N
/

R”\N/“\N,R” V2R N,s

30 R11 — R12 R11 — R12 \
| M | N1 TN
* S S * * S S * R11

(A12) (A13) (A14)
35



(D81) (D82) WD 2013/ 010614PCT/ EP2012/ 002625 - 39 - Ru10. ."NfO N1 R12
(D88)

WO 2013/010614 41 PCT/EP2012/002625
R11 R12 R11 R12
o, se —~ )~
Wi N N
\
‘2—_—%‘ N ‘2} —<: :}
(A15) (A16) (A17) (A18)
PN PLON N o)
N N N 7S
10 \ \ /N N\ /N N\ /N
e ? : ;bf
N\ /N N\ /N
15 R®  R® R”  R® R R?  R"  R®
(A19) (A20) (A21) (A22)
R13 R15
20 Noy
i\ /i i\ i
25 R" NogN l:
(A23) (A24) (A25) (A26)
N/S\ /O\
30 *\(S " N ‘2\__{‘ N\ /N
\ -
NI»\, — = K m
S N—N N—N N—N
(A27) (A28) (A29) (A30)

35



wherein one of X11 and X12 is S and the other is Se, and Rl11, Rl12, R13,

R14, R15, K-16, R17 and R18 i ndependently of each other denote H
or have owe 20f3/mb@4neani ngs of R as defined above and beCowP2E2pemRRl | y
preferred are repeating units, nonomers42tigoners and pol ymers of fornul ae
[, 11, 111, IV, IVa-1Ve, V, VI, VIl and their subfornul ae, wherein one or
nore of Ar3 and Al denote aryl or heteroaryl, preferably having el ectron
acceptor properties, selected fromthe group congsting of the follow ng
formul ae WO 2013/ 010614PCT/ EP2(12/ 002625 - 41 R'Ri| (Al5)(A16) , o,
N * 13

L 4

RH R12
1 12
5 N/ \N . i
— R14/ .
* \ / *x
N—N o)
(A31) (A32) (A33)
10
R11 R
N . s
OH O O O N\/ e;N
R R
S N—N
(A34) (A35) (A36)
$11
20 R12 R13 O N O
R14
11 14 /S\N R12
R R N\\ . * e *
N/ \N R13
M y | N 07 NS0
25 Ty R"  N—g R'
(A37) (A38) (A39)
30

35




10 N\ /NN \ / 1 R14 15R12R13R12 R13 (A19) ( A20) 20, N,, N, N\ /NN /N 111

411

WO 2013/010614 43 PCT/EP2012/002625

wherein one of X'" and X'? is S and the other is Se, and R"!, R'2, R"® R™
and R'® independently of each other denote H or have one of the
meanings of R as defined above and below.

Very preferred are repeating units, monomers, oligomers, and polymers of
formulae I, 1A, 11, lIl, IV, IVa-IVe, IV1-IV14, V, VI, VII and their subformulae
selected from the following list of preferred embodiments:

10 - yisz0and=1,
- b=d=1anda=c=0, preferably in all repeating units,
- a=b=c=d =1, preferably in all repeating units,
- a=b=d=1andc=0, preferably in all repeating units,
15 - a=b=c=1andd =0, preferably in all repeating units,
- a=c=2,b=1andd =0, preferably in all repeating units,
- a=c=2andb=d =1, preferably in all repeating units,

- nis at least 5, preferably at least 10, very preferably at least 50, and up
20 to 2,000, preferably up to 500.

- My 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,

- V'and V?are S,
25 - V' and V? are Se,

- V'and V?are O,

- V'and V? are Te,

- V'and V2 are NR?,

30 X'and X?are CR'R?,

- X'and X% are C=CR'R?,

- V'and V?are S, and X" and X? are CR'R? or C=CR'R?,
35 - one of R' and R? is H and the other is different from H,

- R' and R? are different from H,



WD 2013/ 010614- 43 - PCT/ EP2012/ 002625 wherein one of )01 and X12 is S and
the other is Se, and Rl11, R12, R13, R14 and R15 i ndependently of
each ot hewodersatiesil or have one of the 5nmeani ngs of R agCuareiedombdbve and
bel ow. Very preferred are repeating uni-t44 - nononers, oligoners, and
polymers of formulae I, 1A I, IIl, 1V, IVa-1Ve, 1V1-1V14, V, VI, VII and
their subformul ae selected fromthe following list of preferred

enbodi ments: 10-, y |s ,0and .51, b =d=1anda=c =0, preferably in
al | repeatlng fhiand R® aeg€eg= 1, preferably in all repeating units,
a = ?%d C, = pr ef abI in all repeating units, 15- a =D
1 and d - 0, p f%}déﬁ % iARE AN e vmﬁeaﬁhtoﬁher selected from the grodh b

and d 0 prefcerlai@hlyl?ldﬁ prinharyeMieatwittd1 ¥ BD T atoms, seconaa"y Slkyl \éltﬁ@d b =

= 1, preferabl
or el eF’%& ;" at YD C ApAEERTA PRt with 41020 Csomainhersinoe ai2, 000,

preferably up theﬁ)groupan&oamdre&tatdin@@Eé opticrfatly abpacad Hyepst 8, 000,
very preferabl 8st 10, 000, and preferably up to 300,000, very
preferably up alrIFbR tagether with the lkyliden&/’Z atom Brn2a-cyMic grolipAditaree Se,

V1 and V2 are @ 20Vpret8fabY 136€101€ atoms, which is unsubsituted or substituted
by one or more F atoms or by one or more C;-Cy alkyl groups,

Il
I—‘O

10 - R'and/or R? are independently of each other selected from the group
consisting of aryl and heteroaryl, each of which is optionally fluorinated,
alkylated or alkoxylated and has 4 to 30 ring atoms,

- R'and/or R? are independently of each other selected from the group
consisting of primary alkoxy or sulfanylalkyl with 1 to 30 C atoms,
secondary alkoxy or sulfanylalkyl with 3 to 30 C atoms, and tertiary
alkoxy or sulfanylalkyl with 4 to 30 C atoms, wherein in all these groups
one or more H atoms are optionally replaced by F,

15

- R'andlor R? are independently of each other selected from the group
20 consisting of aryloxy, heteroaryloxy, each of which is optionally
alkylated or alkoxylated and has 4 to 30 ring atoms,

- R'and/or R? are independently of each other selected from the group
consisting of alkylcarbonyl, alkoxycarbonyl and alkylcarbonyloxy, all of
which are straight-chain or branched, are optionally fluorinated, and

25 have from 1 to 30 C atoms,

- R%and R% are selected from H or C;-Cyg-alkyl,

- R®and R® are selected from H, halogen, -CH,CI, -CHO, -CH=CH, -
SIR'R"R™, -SnR'R"R™ -BR'R", -B(OR')(OR"), -B(OH),, P-Sp, C4-Cp-
30 alkyl, C4-Czo-alkoxy, C2-Cyo-alkenyl, C1-Czo-fluoroalkyl and optionally
substituted aryl or heteroaryl,

- R%andR" are, preferably independently of each other, selected from
the group consisting of CI, Br, [, O-tosylate, O-triflate, O-mesylate, O-
nonaflate, -SiMe.F, -SiMeF3, -0-S0,Z', -B(0Z?), , -CZ%=C(Z%),, -C=CH
35 and -Sn(Z*)3, wherein Z'* are selected from the group consisting of



V1 and V2 are NRz, 30- X1 and X2 are CRl1R2, X1 and X2 are C=CR1R2,
V1 and V2 are S, and X1 and X2 are CR1R2 or C=CR1R2, 35- one of Rl and R2
is H and wbeosthesi4i s different fromH Rl and R2 are @cCTfEPe@noofeedm H,

WO 2013/ 010614PCT/ EP2012/ 002625 - 44 - -Rband R2 are CN, Rl and/or R2 are
I ndependently of each other selected fromthe group consisting of primry
alkyl with 1 to 30 C atons, secondary alkyl with 3 to 30 C atons, and
tertiary alkyl with 4 to 30 C atons, wherein in all these groups one or
nore H at ons arddkybgndanil. @achdising egtieyally, sutrtituiad, ®ad twogtdigrs #7 tayt he

al kyli dene C atgn fd?ria @yENE hidupd VeHPpMifk bl 8n?By Preferably 1 to 10 C
atons, which is unsubsituted or substituted by one or nore F atons or by
one or nore ClFClEhdRRWengtotps, 10- R1L and/or R2 are independently of each
ot her selected fromthe group consisting of aryl and heteroaryl, each of
whi ch igs opt i-oiR{land/6t RS dematel, al kyl ated or al koxyl ated and has 4 to 30
ring atons, Rl and/or R2 are independently of each other selected fromthe
group consi sti wgand f gfe Gary al koxy or sulfanylalkyl with 1 to 30 C atons,
secondary al koxy or sulfanylalkyl with 3 to 30 C atons, and tertiary al koxy
or sulfanylalkyl with 4 }o 30 C atons, wherein in all these groups one or
more H at ons lAleePYpTEshf the pieseat sweptjorcan ke synihesized ageerdingitepemdent | y

of each ot heiin aphReyad rhewivdsBatdieUthodds R HeSIKIIRG Bérsaﬁ%nﬁxé’re
| at ed or al koxyl ated and has

het er ogiy| ox each of .which s i onal al k
4 to 330¥i ng)éngl%ﬁ%‘?d 'wealﬁaf%wq?gﬁhﬁESYWhéB'ér{HéWPFj? e kextafentirasp thel ect ed
from t he growxamples. For example, the polymers can be suitably prepared by aryl-aryl
coupling reactions, such as Yamamoto coupling, Suzuki coupling, Stille
coupling, Sonogashira coupling, Heck coupling or Buchwald coupling.

Suzuki coupling and Yamamoto coupling are especially preferred.

15
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.

20 Preferably the polymers are prepared from monomers of formula VI or its

preferred embodiments as described above and below.

Another aspect of the invention is a process for preparing a polymer by
coupling one or more identical or different monomeric units of formula | or

25 monomers of formula VI with each other and/or with one or more
comonomers in a polymerisation reaction, preferably in an aryl-aryi
coupling reaction.

Suitable and preferred comonomers are selected from the following

30 formulae
R%-ArP-R0 C1
R%-A'-R'C C2
35

wherein Ar® has one of the meanings of formula Il or one of the preferred



consi sting of al kyl carbonyl, al kncarbonyl and al kyl car bonyl oxy, all of
whi ch are straight-chain or branched, are optionally fluorinated, and
25have frnem201woo@d® C atons, R and R are_sel ected frompHT@®P2€G2/0CH05 al kyl ,
R5 and R6 are selected fromH, hal ogen,” 4&rpCl, -CHO, - CHECH2 -
SRRR', -ShRR'R", -BRR', -B(OR)(OR"), -B(OH)2, P-Sp, Cl-C20- 30al kyl,
Cl- C20- al koxy, C2-C20-al kenyl, d -C20-fluoroal kyl and optionally

pref erably independently of

bstituted . het |, d , /
cach ot her . Sa¥eRas SYShAPRLS GRS TR6rA: GFF AleB les magnings oOlorBA at o
0-t I’CIZ ; I_gt 321) 0H1|(?es>ynl%mfethe(prefarrmd trmaae ingsSider? Ebov@g:ivfal"c%éow??ﬁ@gltﬂagd ng SZZ) 2
consi sti ng O;ﬁh W%%%%gﬁﬁggl@sewg%g%%éE}géﬁf&%@eﬁo@ﬂiﬂngﬂ@qﬁﬁ%’y gach
bei ng opt i on&langte (eagtivefusgtional @reups likefosexampianakigen, Starmyhansicl i ¢

group, Svery porbRatedroubs ¥ &findd’indBenii8 \enote H, 5- R7 and/or R8 denote
F, e and f are 0. The polyners of the present invention can be synthesized

according to or in analogy to nethods that are known to the skilled person
and are Preferred methods for polymerisation are those leading to C-C-coupling or

C-N-coupling, like Suzuki polymerisation, as described for example in WO
00/53656, Yamamoto polymerisation, as described in for example in T.

10 Yamamoto et al., Prog. Polym. Sci., 1993, 17, 1153-1205 or in WO
2004/022626 A1, and Stille coupling. For example, when synthesizing a
linear polymer by Yamamoto polymerisation, monomers as described
above having two reactive halide groups R® and R is preferably used.
When synthesizing a linear polymer by Suzuki polymerisation, preferably a

15 monomer as described above is used wherein at least one reactive group
R® or R" is a boronic acid or boronic acid derivative group.

Suzuki polymerisation may be used to prepare homopolymers as well as
statistical, alternating and block random copolymers. Statistical or block
20 copolymers can be prepared for example from the above monomers of
formula V wherein one of the reactive groups R® and R is halogen and
the other reactive group is a boronic acid or boronic acid derivative group.
The synthesis of statistical, alternating and block copolymers is described
in detail for example in WO 03/048225 A2 or WO 2005/014688 A2.
25
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)s. Another preferred phosphine ligand is tris(ortho-
tolyl)phosphine, i.e. Pd(o-Tol)s. Preferred Pd(ll) salts include paliadium
30 acetate, i.e. Pd(OAc),. Suzuki polymerisation is performed in the presence
of a base, for example sodium carbonate, potassium phosphate or an
organic base such as tetraethylammonium carbonate. Yamamoto
polymerisation employs a Ni(0) complex, for example bis(1,5-
cyclooctadienyl) nickel(0).
35
As alternatives to halogens as described above, leaving groups of formula



10described in the literature. Qther synthesis nethods can be taken from

t he exanpl es. For exanple, the polyners can be suitably prepared by

aryl - arylwoaaplaimg4r eact i ons, such as Yananot o coupl i ngPCBEPaki2/0emRH| | ng,
Stine coupling, Sonogashira coupling, Hédk- coupling or Buchwal d coupli ng.
Suzuki coupling and Yamanoto coupling are especially preferred. 15 The
nononmers which are polynerised to formthe repeat units of the polyners,
can be prepar r di t o net hods ich are known to the person skilled
inthe art. 2@%@?@?&3[‘3’% HeeH ¥ Fszvﬂﬁé‘sﬁwﬁpéﬁ abpym mMardenlas of formul a
VI or its prekamphss et ivening gougesteitbagdatebmesyritd JagltaHateANOt her
aspect of the invention is a process for preparing a polynmer by coupling
one or nore identical or different nmononeric units of fornula | or
25mononer s ofEspecially suiablgi and preférred sgnthesdy methadshofahe répedigCubigsIoNoMer s
in a pglynmerhsd r J N ay,\d, -ar coupling.reaction.
Sui tabl e and prefngéf}rségﬁgtgr?mﬁggfggﬂggll’ gtllggvf?oénqﬁgéqedﬁ'f l tﬁa In

30f or mul ae RYIEFWIREHBISCREMES. ShQwn bsreipeter wheoaiodR 4 FETREPRD 2RHG02625 - 46
- Meani ngs gh@as@bﬂnedamﬂbrhﬁh@w,n,Avahaﬂ\xm%n@was?%WrBr%froﬂ;ﬁfmJ' a Il
ow, an and

or one of the preferred neani ngs given above and be R19 have
one of the neanings of fornula V different fromH, and preferably denote
reactive funthemnate groprefetred syhtietiexautsdehdingaeithidndngla-ang' g1)-

10 s-indaceno[1,2-b:5,6-b’]dithiophene unit of the present invention. Both
routes go through a common intermediate 3 which was synthesised via
the cross-coupling of 2-functionallised thieno[3,2-b]thiophene with diethyl
2,5-dibromoterephthalate (2), as shown in Scheme 1. In Route A,
terephthalate 3 is treated with alkylaryllithium or alkylarylmagnesium halide

15 to yield the diol 5, which is subsequently double ring-closed upon treating
with an acid, to yield directly the tetrasubstituted derivative.

Scheme 1
1) n-Buli
2) R,SnCl
20 S
I -
S & o 3
r
1 3)
O'Csz
cHg”
2
25 O Br
Route A
1) n-Buli
R 2) 3
/©/ 3) H,O/M*
s 5
Br
30
4
acid
R
S R
R = alkyl substituted aryls ¢ | / s 6
35 (e.g. 4-alkylphenyl) S . /S \/



5boronate groups as defined in fornula V. Preferred nethods for

pol ynerisation are those leading to G C-coupling or CGN-coupling, like
Suzuki povorrerymedison, as described for exanple in WO 0@CTEPIE2/0¥HARNDL O
pol ymeri sation, as described in for exarﬁﬁe in T. 10Yamanoto et al., Prog.

Polym Sci., 1993, 17, 1153-1205 or in WD 2004/022626 A, and Stifle
coupling. For exanple, when synthesizing a |inear pol yrrer by Yamanoto
pol ymeri sati on, nononers as descrlbed above having two reactive halide

groups RO and] the e SeCORE ARPERAGH. Basrshopwn neS¢heme 23, diestear3 isol ymer by

Suzuki pol ymewtestysemto tﬁr@bﬁﬁ@hbxacm MWRRARE cBAvEREGHd iRdcabaye 15 used
wherei n at Ieas'Ej on ﬁ%@;‘f}ﬁd boronic acid or boronic
aci d deri vat PP8YYH fﬁgp "%B(I)rffﬁs Yé%‘l"?tﬁ'ﬁ Wgyoﬁé'yhg@@”g@ o5 tieipayle
honmopol yner s cak)rmiel rreaeplsthatoysttilahdadr;dearsttbenndbub@-m@ctﬁs@ghortﬁg%mone
copol ymers S I n,be prepared _for exanple
fromt % abo%ﬁnghyrpg@slsq © Jrg%?g@@%%e%gﬂ?igﬁg %Fofeﬁé PRLEE Bye groups RO
and Rl is hal ogen and the other reactive group is a boronic acid or boronic
aci d deri vat igepegiopp. The synthesis of statistical, alternating and bl ock
copolyners iS described in detail for exanple in WO 03/048225 A2 or WD
2005/ 014688 A2. 25 Suzukl pol yneri sation enploys a Pd(0) conplex or a
Pd(11) salt. Prgf*ébr Pd(0) conpl exes are those beari®xg at | east one
phosphijpe fi gand 1S Pd{ Ph3P) B Bagetbir&OHpr ef er Hed\phosphine ligand is

€ . NG P%@HT01)3‘P% s yl ts include
pal | adi um 30ace . Paf©8c) 2. Suzuki pol Beeri
the presence of a base ®&x exanpl e sodi um carbonate, pobass ur’r? phosphat e
or an organi c base §uch° as &Mt r aet hyl anmoni um car bonat e.g” Yamanot o
pol ynmeri sation enploys a Ni (0) conplex, for exanplg bis(1,5-
cycl ooct adi enyl) nickel (0). 35 As alternatives to hal§&hsor®OCescri bed

above, qlseaving groups of formila 2) Lewis acids
s
S N H
av [ ~—
s
s Base 8
aldehydes or
20 ketones
Base
alkyl halides
R_R S
S
25 /s\ J /s\ J R = alkyl
R R ‘
10 11
Dithieno[2,3-d:2’,3’-d’}-s-indaceno[1,2-b:5,6-b’]dithiophene 9 can be tetra-
30 alkylated with alkyl halides under basic conditions. It can also be
solublised using alkylidene groups by reacting 9 with an aldehyde or a
ketone.

The preferred functionallisation of the tetra-alkyl and di-alkylidene
35 derivatives 10 and 11 leads to two types of monomers, as shown in

Scheme 3. These functionallisation reactions generally mean but not

limited to, e.g., bromination with N-bromosuccinimide or elemental



WD 2013/ 010614PCT/ EP2012/ 002625 - 47 - -0-SQ2Z1 can be used wherein Z1 is
as described above. Particul ar exanples of such | eaving groups are

t osyl at e,woeslgd/E@v@4and triflate. Especially suitabl e an#CpmrreErnens2s

synt hesi s nethods of the repeating unit#9 Smononers, and pol yners of
formula I, 11, IIl, IV, Vand VI are illustrated in the synthesis schenes
shown hereinafter, wherein Rl, R2, R3, R4 and n are as defined in fornula
[, 1, IV anS}{IV&B, an(il_ Ris an aryl or alkyl group. There are two preferred
synt hetic r o®f¥PIN& Kiliatign witegappbthira reagents ghen reacting with alkyl

10s- i ndacenobbrénib dstdrshb dii¢IHithe kit oriRi dcidd ah#@sRIr8SEMYith Nvent i on. Bot h
routes go thrroqgh,S% comln '4 nt?rnegg(ijﬁﬁ(‘a 3. whi ch was synthesi sed via the
cross- coupl i NP BYSEVILG CHdEPIP Y dISIRNNa5SS] t hi ophene with di et hyl

2, 5-di bronoterephthalate (2), as shown in Schene 1. In Route A

t er ephhal at & Bl reated with alkylaryllithiumor alkylaryl magnesi um

hal i de 15to W‘Hf?[‘ge diol 5, which is subsequently double ring-closed upon
treating with an acid, to yield directly the tetrasubstituted derivative.

Scheme 1 R RSP o
S Functionalisation X
\ 4 ; S
F\ [ s 7\ /s\ J
s X""s
10 R R R R
9 monomer type |

Functionalisation

15
10
monomer type Il
X =Br, I, RySn, B(OH),, B(OR),, MgX and ZnCl
20
Two types of preferred polymerisation reactions, namely, Suzuki and Stille
polycondensations are shown in Scheme 4.
Scheme 4
25 R R . CBH17 C8H17
T S
ST (O~ )
B g S o) o}
R R
Pd,(dba),
P(Tol),
30 K,;PO,

35



Route A WD 2013/ 010614PCT/ EP2012/ 002625 - 48 - In the second approach,
Route B (as shown in Schene 2), diester 3 is hydrolysed to terephthalic
acid (7),wahonida4converted to the correspondi ng terphtrhalErgé12aimhs or i de
by reacting with oxalyl chloride or thr®)d chloride. Terephthal oyl
dichloride is then double-ring-closed to the quinone 5form 8, which is then
reduced to the unsubstituted core structure 9. Schene 2 1 1) (COCl)2 or
SOCl 2 2) Lewis acids 1011 g R

Dithieno[2,3-d:2",3 -dl-s-i gnol 1s2- %'nﬁ 6- bl di t hi ophene 9 can be tetra-
30al kyl at ed with al ky}-Skali v

sol ubl i sed usi ng al/k gyoupg Dy reactingg9 wth ¥
ket one. The MRPBI I gtionalli"sation of the tetra- vI and

di - al kyl i dene 35derivatiRre® 10 and 11 | eads to two typeg of nonomers, as
shown gn

Pd,(dba),
P(Tol),

10

The novel methods of preparing monomers and polymers as described
15 above and below are another aspect of the invention.

The oligomers and polymers according to the present invention can also
be used in mixtures or polymer blends, for example together with
monomeric compounds or together with other polymers having charge-

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

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

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

35 Preferred solvents are aliphatic hydrocarbons, chlorinated hydrocarbons,

aromatic hydrocarbons, ketones, ethers and mixtures thereof. Additional



Scheme 3. These functionallisation reactions generally mean but not limted
to, e.g., bromnation with N-bronpsuccini m' de or elenental WO

2013/ 0106XORCI/ERAG12/ 002625 - 49 - bro or |ithi at iPom/BRR20102/002625
organol i thiumreagents then reacting w't 1 aI kyl boronic esters to yield the
di boronic acids and esters, or wth trial kylstannyl chlorides to yield the
di stannanes. 5Schene 3 RRRR 9nononer type | X =1Br, I, R3Sn,

B(OH) 2, B( m)sglvewrﬂ& gg'r(ljbe used include 1,2,4-trimethylbenzene, 1,2,3,4-tetra-
methyl benzene, pentylbenzene, mesitylene, cumene, cymene,
cyclohexylbenzene, diethylbenzene, tetralin, decalin, 2,6-lutidine, 2-fluoro-
m-xylene, 3-fluoro-o-xylene, 2-chlorobenzotrifluoride, dimethyiformamide,

5 2-chloro-6fluorotoluene, 2-fluoroanisole, anisole, 2,3-dimethylpyrazine, 4-
fluoroanisole, 3-fluoroanisole, 3-trifluoro-methylanisole, 2-methylanisole,
phenetol, 4-methylanisole, 3-methylanisole, 4-fluoro-3-methylanisole, 2-
fluorobenzonitrile, 4-fluoroveratrol, 2,6-dimethylanisole, 3-fluorobenzo-
nitrile, 2,5-dimethylanisole, 2,4-dimethylanisole, benzonitrile, 3,5-dimethyl-

10 anisole, N,N-dimethylaniline, ethyl benzoate, 1-fluoro-3,5-dimethoxy-
benzene, 1-methylnaphthalene, N-methylpyrrolidinone, 3-fluorobenzo-
trifluoride, benzotrifluoride, benzotrifluoride, diosane, trifluoromethoxy-
benzene, 4-fluorobenzotrifluoride, 3-fluoropyridine, toluene, 2-fluoro-
toluene, 2-fluorobenzotrifluoride, 3-fluorotoluene, 4-isopropylbiphenyl,

15 phenyl ether, pyridine, 4-fluorotoluene, 2,5-difluorotoluene, 1-chloro-2 4-
difluorobenzene, 2-fluoropyridine, 3-chlorofluorobenzene, 3-chlorofluoro-
benzene, 1-chloro-2,5-difluorobenzene, 4-chlorofluorobenzene, chloro-
benzene, o-dichlorobenzene, 2-chlorofluorobenzene, p-xylene, m-xylene,
o-xylene or mixture of o-, m-, and p-isomers. Solvents with relatively low

20 polarity are generally preferred. For inkjet printing solvents and solvent
mixtures with high boiling temperatures are preferred. For spin coating
alkylated benzenes like xylene and toluene are preferred.

Examples of especially preferred solvents include, without limitation,

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

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

The concentration of the oligomers or polymers in the solution is

preferably 0.1 to 10% by weight, more preferably 0.5 to 5% by weight.
35 Optionally, the solution also comprises one or more binders to adjust the

rheological properties, as described for example in WO 2005/055248 A1



20 Two types of preferred polynerisation reactions, nanely, Suzuki and
Stille polycondensati ons are shown in Schene 4. Schene 4 Pd2(dba) 3
P(Tol) 3 K8BQd13/010¢42013/ 010614PCT/ EP2012/ 002625 - 50 - PRIRHRAS0026RR
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15

20

25

30

35

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
values such as published in "Crowley, J.D., Teague, G.S. Jr and Lowe,
J.W.Jr., Journal of Paint Technology, 1966, 38 (496), 296 ". 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
both the polymers of the present invention, although it is desirable to have
at least one true solvent in a blend.

The oligomers and polymers according to the present invention can also
be used in patterned OSC layers in the devices as described above and
below. For applications in modern microelectronics it is generally desirable
to generate small structures or patterns to reduce cost (more devices/unit
area), and power consumption. Patterning of thin layers comprising a
polymer according to the present invention can be carried out for example
by photolithography, electron beam lithography or laser patterning.

For use as thin layers in electronic or electrooptical devices the compounds
polymers, polymer blends or formulations of the present invention may be
deposited by any suitable method. Liquid coating of devices is more
desirable than vacuum deposition techniques. Solution deposition methods
are especially preferred. The formulations of the present invention enable
the use of a number of liquid coating techniques. Preferred deposition
techniques include, without limitation, dip coating, spin coating, ink jet
printing, nozzle printing, letter-press printing, screen printing, gravure
printing, doctor blade coating, roller printing, reverse-roller printing, offset
lithography printing, dry offset lithography printing, flexographic printing,
web printing, spray coating, dip coating, curtain coating, brush coating, slot
dye coating or pad printing.

Ink-jet printing is particularly preferred when high resolution layers and



Pd2(dba) 3 P(Tol)3 The novel nethods of preparing nononers and
pol yners as descri bed 15above and bel ow are anot her aspect of the

i nvent i orwOTBhs/mabdéigoners and pol yners ac%ordi ng to the pcesEPae12ioeehnt i on
can al so be used in m xtures or polyner ! ends, for exanple together wth
nmononeri ¢ conpounds or together with other polyners having charge-
20transport, sem conducting, electrically conducting, photoconducting

and/ or i ght 1L em cting gperties, or fqr exanple with

pol yners haviq%g] cﬁ%lr{elz’qaoq%o@ktl%r)l %af8$e§$&8%%f°6'8w!%@nﬁr°§|5'é$ Pres¢™or use as

i nterlayers orwertti@ngoapbecappligd eyeatirica@d-devier isabstratBsusy, inkfet her aspect
of the inventy ; Vi I l.SJ e or re, pol yners
25accor dimg. E N R e Sl b e R B AT

havi ng one oBUYRB@ES Wt natdimites to-these isurpted by pwrione HitathiekekipIrkdes can be
prepar & by qeernabdlogyn@n TeiderdechRalogy! PicdRICH | Fridd known
to the skilled %rsggl g}/ if:d:?l ct he Sgl }ng)ﬁ g?ﬁ%’x@c‘iﬁvdt%agg&a%%er or
di ssol ved in “s?ﬁﬁt A5PE%s eﬁ%@?é"%ﬁ%f“ﬂ?@"ﬁé%@%éo@o’ﬂ"ﬁ?sﬁr@éﬁ- Axtrlitiprallye r
aspect of thsemivedwstoal hedds ssch as thdse mahafdciredBPBIGtheY EPsbBONEr S,

pol ymers, m g : . ri.ned above and bel ow and one
or nore or ga)rﬁdﬁé%%ﬁ@%@ﬁ?@%%ﬁﬁﬁﬁﬁ %'Rgge"%ﬁ%yi)ﬂﬁ?rpg'mﬁﬁﬁsar bons,
chl ori nat ed Isyah@sdhpse producacby Mienpdror and ddistofale numebe ugeder s and

m xturg® thereof. Additional WD 2013/010614- 51 -PCT/ EP2012/ 002625

In order to be applied by ink jet printing or microdispensing, the
compounds or polymers should be first dissolved in a suitable solvent.
Solvents must fulfil the requirements stated above and must not have any
detrimental effect on the chosen print head. Additionally, solvents should

15 have boiling points >100°C, preferably >140°C and more preferably
>150°C in order to prevent operability problems caused by the solution
drying out inside the print head. Apart from the solvents methoned above,
suitable solvents include substituted and non-substituted xylene
derivatives, di-C1.z-alkyl formamide, substituted and non-substituted

20 anisoles and other phenol-ether derivatives, substituted heterocycles such
as substituted pyridines, pyrazines, pyrimidines, pyrrolidinones,
substituted and non-substituted N,N-di-C,_-alkylanilines and other
fluorinated or chlorinated aromatics.

25 A preferred solvent for depositing a oligomer or polymer according to the
present invention by ink jet printing comprises a benzene derivative which
has a benzene ring substituted by one or more substituents wherein the
total number of carbon atoms among the one or more substituents is at
least three. For example, the benzene derivative may be substituted with a

30 propyl group or three methyl groups, in either case there being at least
three carbon atoms in total. Such a solvent enables an ink jet fluid to be
formed comprising the solvent with the oligomer or 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

35 following list of examples: dodecylbenzene, 1-methyl-4-tert-butylbenzene,
terpineol limonene, isodurene, terpinolene, cymene, diethylbenzene. The



sol vents which can be used include 1,2, 4-trinethyl benzene,
1,2,3,4-tetranet hyl benzene, pentyl benzene, nesityl ene, cunene, cynene,
cycl ohexywbenmaneqi4di et hyl benzene, tetralin, decalin, 2P6TIRRRéIdI0NIB2S
2-fluorom xyl ene, 3-fluoro-o-xylene, 2-d@# orobenzotrifluoride,

di met hyl f or mam de, 52-chl oro- 6f| uorot ol uene, 2-fl uoroanisole, anisole,
2, 3-di met hyl pyrazine, 4- fluoroanisole, 3-fluoroanisole,
3-trifluoro-nethylani sol e, 2-nethyl ani sol e, phenetol, 4-nethylanisole,
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2, 5-di et hyl ani sol CA-di et byl ani e enzonitrile, 3, cﬂnmﬁ hyl -
10ani sol e, N,pﬁ?%f?@hﬁzl'l‘@n&l' ﬁ’ép' %’?Yﬁﬂi&é‘m%@*@ncfﬁ'm&rmagpammt hoxy-
benzene, 1- misyey|depusited larkredicariefiydteyn thy lagenone,

3-fl uogobenzotrifluoride, benzotrifluoride, benzotrifluoride, diosane,

trifluoromet hoxybenzene, 4-fluorobenzotrifluoride, 3-fluoropyridine,

tol uene, 2-fiTheriokdetibng (thatis mortutseolenivert! bindedand ehhivondictingene,

4-i sopr opyl bicBhfyd( ? i j ghi luar l.uene
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2- chl onef | uorobenzen -xyl ene. mxylene, o-xylene or mxture of o-, m,
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li ke xyl ene g’%?c%cfﬁoeﬁgﬁggéeﬁ fere?glslrseéﬂch%%' e%°%8‘3’§%em{rq NGr ef err ed
sol vents i ncPAGBLS. wethegegen . digpessing 2gentsh hydoomidergeagenisc bbibesivet hane,
monochl or obeagenss, flew Tl ersobiefzfifg atg%tn'is%fb?é%i?étBFé}Zjil BRtsSRhih
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met hyl ethyl kBEJRACIVE 9F NQPARACHVE. AHxliaries, colqurapts; idyss sspigments,

1,1, 2, 2-t et r ach$itizerst stabdljzezs hydnapaeticiés or mhibitors. acet at e,

di met hyl f or mam de, di net hyl acet am de, 30di net hyl sul foxi de, tetraline,

decal i ne, indane, nethyl benzoate, ethyl benzoate, nesitylene and/or
m xt ures t hedBefoligpmers anskprlymersie ihe present ingemiorsaer ugsflyasehaige t he

| uti [ b BNY=Y! ly.0.5 tqg.5%b
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adj ust Phe rﬁ@lﬂflt'ﬂgi%é‘e”ﬁf%‘@e?ﬁtlcé‘é,e'%@r%'@gf gartionic, etestrdlemimesaent or

2005/ 055248 photoluminescent components or devices. In these devices, the polymers of
the present invention are typically applied as thin layers or films.

Thus, the present invention also provides the use of the semiconducting
25 oligomers, polymer, polymers blend, formulation or layer in an electronic
device. The formulation may be used as a high mobility semiconducting
material in various devices and apparatus. The formulation may be used,
for example, in the form of a semiconducting layer or film. Accordingly, in
another aspect, the present invention provides a semiconducting layer for
30 use in an electronic device, the layer comprising an oligomer, 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 example on a part of an electronic device, by
35 any of the aforementioned solution coating or printing techniques.
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in "Crow ey,l,é. D., Teague, G S Jr and Lowe, J.W Jr., Journal of Paint
Technol ogy, 86{“’%’93‘"{%@%5",“0%%\’ proviges, apelaationisdevige sbewprisingiaed and can
be identifi edligomeessdlyived, polyinselbieid, JorrAOMidh BF brsani i feti

Soci eti es fo;a g%ﬁssz‘%k&oYo%é p9- %8' 1@86" . %ijgzahm‘gggﬁﬁdﬂ&gﬂéay | ead
to a bl end of?Y ing &9, prerenlinventpa s Errecialbt raferseq deyisesarer  t he
present i nvefifibols, & tshdGghldgic cicultss icapbtitors RRHY &gy, Gle=5$, ODETE! ue
solveng in a : h [ I cordin 0, the present

i nvent ison car?%athgg' gg@ -ugégafglrr?% ggﬁt% g?ﬁ@%dgé@%?@&f%oﬁshBﬂaéﬂe&%%tog%
descri bed abglRstrapotpgraphicdgvicgs alectiophetographisdecarding deeicest roni cs it

i's general | yoftefii€ adrRoh0d86EBEE Heths icakr : t Q. reduce
cost (nore dﬁxﬁ/t?@'es/rmi t.ky;(rje , and ,%g\%g&'c%%’n%r %F@ﬁ&%ﬁ%&%ﬁ,ﬁ%ﬁoﬁkyt hi n

| ayers conpr chf?&'aa?@ﬁ'ﬁl SE} Ahtiaiallg ftlst srNQuckisa substiatestanch can be
carried out tondeotanppattdiymsphot ol it hography, el ectron beam |ithography or

| aser pgtterning. For use as thin layers in electronic or electrooptical
devi ces the conpounds, polyners, polyner blends or formnulations of the
present i nvefispeaiaiypreferresdripotsoniediayicesarg QEETapOEEDRt Al ORY qui d coat i ng

of devices i ge(RES A&t Pf“b : eRa$|\t I ques. ution

deposi tion thogs’ ﬁf"?'g?mégf’g y.%?ﬂ%@@d@f‘hedggﬁr?&f%gr ﬁh?né?é’lgjﬂe

present i nvefiSRRIgHING Ve RMisPNdudigrbanngl betyweed thedtdinantdechni ques.

Preferred depogiceiray ceaiptiseute layéd sfthe iMvenfiBH! AbiaRotfdr SBmELPintagt | N9,

spin cqatingyi %gi 3 Yt | régth [éozzlle pri nt j ng, l etter-press’ printing,

screen print My, 8 GG g ole or electron) injection or transport layer may
comprise the layer of the invention.

For use in OPV devices the oligomer or polymer according to the present
invention is preferably used as photo-active layer. This implies the use in a

20 formulation that comprises or contains, more preferably consists
essentially of, very preferably exclusively of, a p-type (electron donor)
semiconductor and an n-type (electron acceptor) semiconductor. The p-
type semiconductor is constituted by a compound, preferably a polymer
according to the present invention. The n-type semiconductor can be an

25 inorganic material such as zinc oxide or cadmium selenide, or an organic
material such as a fullerene derivate, for example (6,6)-phenyl-butyric acid
methyl ester derivatized methano Cg fullerene, also known as "PCBM" or
"CeoPCBM", as disclosed for example in G. Yu, J. Gao, J.C. Hummelen, F.
Wudl, A.J. Heeger, Science, 1995, 270, 1789 and having the structure

30 shown below, or an structural analogous compound with e.g.aCyp
fullerene group (C70PCBM), or a polymer (see for example Coakley, K. M.
and McGehee, M. D. Chem. Mater., 2004, 16, 4533).

35



printing, doctor blade coating, roller printing, reverse-roller printing,

of fset lithography printing, dry offset lithography printing, flexographic
pri nting,woeebi3prbeii ng, spray coating, coati ng, cur ParfEPe@and2egs brush
coating, slot dye coating or pad printirm ~35 WD 2013/010614- 53

- PCT/ EP2012/ 002625 devi ces needs to be prepared. Sel ected formul ati ons of
the present invention may be applied to prefabricated device substrates by
ink jet printing or mcrodispensing=referably industrial piezoelectric
print heads such as but not linmteq t¢g those supplied by Aprion,

Hi t achi - Koki, I nkJet 5Technol ogy, Of gel~eobmel ogy, Picojet, Spectra,
Trident, Xaar may be used to apply .iﬁr— sem conductor |ayer to a
substrate. Additionally sem -indug :.ds such as those manufactured by
Br ot her, Epson, Konica, Seiko |ngt

nlcrodSSpensers such as those pdf
used. 10 In order to be applled‘
conpounds or polynmers should be 1
Sol vents nust fulfil the reqU|rene*~n St8 ed above and nust not have any
detrinental effect on the chosen prlq? Eﬁﬁé. Addi tionally, solvents should
15have boiling points >100C, preferabt$ C and nore preferably >150C in
order to prevent operability problens caused by the solution drying out

orvents | nolue ST d PO Sy I Wb R RaR G ™ ©

sol vents i nclude tituted an
di - C1_2- al kyCep 8F %ﬂh?‘d@'e%%ﬁém%ﬁ%ftﬁﬁtﬁnﬁ)kk%ﬁbﬁ BMt@cCﬁGﬂBMod;ﬁseand

ot her phenol pesfeaeddaaieral bdﬁﬁ»naildhstbl Beltissl hﬁfo‘?rh%fé(ﬁ;'nﬁsforsém as

substituted n naglne rim i nones, substituted
and non- subs |tug Bﬁ?fﬁfeih %Eﬂ %Y@ﬁfﬁq'{%é%”%%ﬂ%“ﬁéﬂ to 1y by egight, or
chl ori nated mqmmref&rablw’mrpﬂei o redibg aleight] nfost pdeﬂ'éﬂﬁjl)i H NGOt Qluygomer or

ol ynegsacco i |ses a
Eengengsder i \%Elémek\(l)ﬁmdlgﬂeﬁ& E) (raale&tort?&n'&){ t%)f;g)&rt?g WRIg
subst i t uent s EXAEIRIeH Of h@dﬁéiﬂﬂUdﬁm@@stywneigﬁionolapmmlm(@)tdmd one or mor e

substi tuentstg/neéthymhabmaﬂg (pWA?xarrpl e, the benzene derivative may be
substituted with a

{ crodrop and M crofab may be
printing or mcrodispensing, the

To produce thin layers in BHJ OPV devices the oligomers, polymers,

20 polymer blends or formulations of the present invention may be deposited
by any suitable method. Liquid coating of devices is more desirable than
vacuum deposition techniques. Solution deposition methods are especially
preferred. The formulations of the present invention enable the use of a
number of liquid coating techniques. Preferred deposition techniques

25 include, without limitation, dip coating, spin coating, ink jet printing, nozzle
printing, letter-press printing, screen printing, gravure printing, doctor
blade coating, roller printing, reverse-roller printing, offset lithography
printing, dry offset lithography printing, flexographic printing, web printing,
spray coating, dip coating, curtain coating, brush coating, slot dye coating

30 or pad printing. For the fabrication of OPV devices and modules area
printing method compatible with flexible substrates are preferred, for
example slot dye coating, spray coating and the like.

Suitable solutions or formulations containing the blend or mixture of a
35 polymer according to the present invention with a Cso or Cyp fullerene or
modified fullerene like PCBM must be prepared. In the preparation of



30propyl group or three nethyl groups, in either case there being at |east
three carbon atons in total. Such a solvent enables an ink jet fluid to be
formed cowprosingsithe sol vent with the ol i gonmer or pol ywrer/EPadizoerduces
or prevents clogging of the jets and sepdfati on of the conmponents during
spraying. The solvent(s) may include those selected fromthe 35foll ow ng
| i st of exanpl es: dodecyl benzene, 1-nethyl-4-tert-butyl benzene, terpineol

[ ene, cynene, diethylbenzene. The WO

| i nronene, isg@dureng, terpinol

2013/ omesmp&‘i‘iéﬁ%‘i@?@g@@& solyant myist be sel teeaswelful disseiutioref, t hat

ibS_ ? conbi nabbﬂﬂcorhpbmnnrp-tvfnfeeamt;rw& iggeanélimaala\elea&n@ireé Sé?ﬁaé{rghﬁw ng a
oi ling point > r erably. > . Su ol.vent (s) al so énhance

filmformati tgﬂnﬁ}'ﬁ'gﬁ ﬁé@ﬁ‘?ﬁ@%ﬁﬁ?'{’ﬁ&a REPpreég‘?éé”@E‘F"é%‘?égY %T‘q fBOseYer. 5

The ink jet priotiag Methodi s ni xture of sol vent, binder and semi conducting

conpourd) preferably has a viscosity at 20C of 1-100 nPas, nore preferably

1-50 nPas and_nost preferably 1-30 nPas. 10The pol yner bl ends and
f or mul at i ons HgeBicRHYERAreHEenaralbeused fordhisinsipese Bpitalisohanty cannpri se

one or nore berdroafateENERS! Ralegeadididtdorints 8 Rl atet sdigenxanpl e from
surface-active ccﬁnao%nds tI al'brl cabl ng a en%g(, wetting agents, dispersing
agents, hydr SIS SiQiated aromatis § 'V&Btfn amRlgsvinclide bt are @et oani ng
agents, deaeliaitedso ahildrobenzend) t,B-dieiyoidbemzeaacthigofefmnpp-reacti ve,
auxilia}bies, I ' nsitizers,, stabilizers,
hanopard ol eg&gmrlé}l&ﬁ%ﬁ?%rfe[, g?%ﬁgro%etﬂbﬁg,egérgbn%gtréschlon(?e,stoluene,

cyclohexanone, ethylacetate, tetrahydrofuran, anisole, morpholine, o-

xylene, m-xylene, p-xylene, 1,4-dioxane, acetone, methylethylketone, 1,2-

dichloroethane, 1,1,1-trichloroethane, 1,1,2,2-tetrachloroethane, ethyl

acetate, n-butyl acetate, dimethylformamide, dimethylacetamide,

15 dimethylsulfoxide, tetraline, decaline, indane, methyl benzoate, ethyl

benzoate, mesitylene and combinations thereof.

The OPV device can for example be of any type known from the literature
(see e.g. Waldauf et al., Appl. Phys. Lett., 2006, 89, 233517).
20

A first preferred OPV device according to the invention comprises the

following layers (in the sequence from bottom to top):

- optionally a substrate,

- a high work function electrode, preferably comprising a metal oxide, like

25 for example ITO, serving as anode,

- an optional conducting polymer layer or hole transport layer, preferably
comprising an organic poymer or polymer blend, for example of
PEDOT:PSS (poly(3,4-ethylenedioxythiophene): poly(styrene-
sulfonate), or TBD (N,N’-dyphenyl-N-N’-bis(3-methylpheny!)-

30 1, V'biphenyl-4,4'-diamine) or NBD (N,N’-dyphenyl-N-N"-bis(1-
napthylphenyl)-1,1'biphenyl-4,4’-diamine),

- alayer, also referred to as "active layer", comprising a p-type and an n-
type organic semiconductor, which can exist for example as a p-type/n-
type bilayer or as distinct p-type and n-type layers, or as blend or p-type

35 and n-type semiconductor, forming a BHJ,
- optionally a layer having electron transport properties, for example



The oligonmers and polyners to the present invention are useful as charge
transport, sem conducting, electrically conducting, photoconducting or

| i ght 20 woizbtdmgematerials in optical, el ectrooptical, PEr&EPRI12/002525

el ectrol um nescent or photol un nescent -d@hponents or devices. In these
devices, the polyners of the present invention are typically applied as
thin layers or filnms. Thus, the present invention also provides the use of
t he sem conducting 25 oligoners, polymer, polymers blend, formulation or
|l ayer in an el & K9 48vi ce. The forrmul ation may be used as a high

][mbl I : ty sem—Ccmldw:\lvorlgfmwtlenI@écttdd@@rref@véblﬁsbhﬁﬁ%%r@g nﬁ’é%@ﬂﬂ?gdfb? Thel
ornul ati on na e formof "a sem conducting |ayer
SoxAmefe Sl SRt tainp]

or film Accor & present invention provides a

semi conducti ng e éﬂeaéf)aﬁgof theet BEALL HhehorliBiy RS anbliE 1AV el

conpri & ng an ol 1 goner Pol¥ according to
the invention. trﬂﬁlépﬁéﬁjﬁrtod/t*s'b Imh cbe | ess than about 30 microns. For
various electronic de ce a plicati ons t he thickness may be | ess than
about 1 micron“YNErert MR Héfodé‘béﬂoﬂ)éﬂef aegordingripltbe pmesendart  of
an el ectroni c Gexarteon. by 35any of the aforenentioned solution coating or
printing techniques. WD 2013/010614PCT/ EP2012/ 002625 - 55 - The invention
additionally provides an el ectronic device conprising an oligomer, polynmner,
pol ymer opl endy séeandiprefenad P\ dgaitecaceniing td e imentio & aﬁQﬁ\%r{Bd‘g to the

pr esent i nve OFETs TF | ogi c
circuits, cap@aﬂé‘?{b oerv S, %I%? Eb%“géggf%@%v@f%@%?%@gﬁ ngT‘hr ceI | s,
| aser di odes boﬁﬁmb'b uct ors, photodetectors, elect rophot ographl c devi ces,

el ect r ophot ogr @@Iﬂbﬁamﬁg%ﬁﬁgﬁgtéjew ces, organic nenory devices, sensor

devi ces, char ge iy n ect ers, .Schottky di odes | anari sing | ayers,
antistatic filfs B?P?ﬁt&}/ ﬁ‘ﬁ?'r‘)&t’%%tagﬁﬂ'décﬁ%%ﬁ}& %@omrtsmm@r 10

Especi glgl y pr efeaarrﬁmle tTecsenimgasientrodear e OFETs, OLEDs and OPV devices, in
par 1 cular DUl b gL Eh B B RO R bR el ! %
tEe I aye[lof)fe E)rl_@ég%w@pﬁ%rpf /%..anot her exanpl er in an 150_E([:)ode\r/: gg tLge
o ol e e e o b Ao O
etween the electrodes, which can exist for
20 example as a p-type/n-type bilayer or as distinct p-type and n-type
layers, or as blend or p-type and n-type semiconductor, forming a BHJ,
- an optional conducting polymer layer or hole transport layer, preferably
comprising an organic poymer or polymer blend, for example of
PEDOT:PSS or TBD or NBD,

25 - an electrode comprising a high work function metal like for example
silver, serving as anode,

wherein at least one of the electrodes, preferably the cathode, is
transparent to visible light, and

wherein the p-type semiconductor is a polymer according to the present

30 . :
invention.
In the OPV devices of the present invent invention the p-type and n-type
semiconductor materials are preferably selected from the materials, like
35 the polymer/fullerene systems, as described above

When the active layer is deposited on the substrate, it forms a BHJ that



For use in OPV devices the oligomer or polymer according to the present

I nvention is preferably used as photo-active layer. This inplies the use in
a 20f or mweatommnivdiat conpri ses or contains, nore prefer @0MEPCOARHIBLS
essentially of, very preferably exclusir®8y of, a p-type (el ectron donor)
sem conductor and an n-type (el ectron acceptor) sem conductor. The p-type
sem conductor is constituted by a conpound, preferably a pol ynmer according
to the prese

nh i nventign. .The n-type sem conductor can be an 25 inorganic
mat eri al sucR aéefﬁﬁéf%m}é‘a&%&a%wm ?8[ giscugsiop onnannssals phase er i al
such as a f ubkpamtiendase Denelerfairal Raicpbeings of thed IEEE] 2008 Y93 £5)a¢islg et hy|
ester derivaty n I n I n as, "PCBM' or "Ce60PCBM',
as discl osed% gﬁ%g%g%t?fleﬁg?%/i@u%%? g%%‘ﬁ Tjﬁgﬁ amﬁel%?gg?”%dl , A J.
Heeger, Sci eApeealimstepmay bertherangrassaiyy aptinize hiletdimordosdioyy dpel ow, or

an str@et ur aboASEd REHINSOPYHAHEBE pul a C70 fullerene group (C70PCBM,
or a polyner (see for@arrple Cogmgr?gkge'M and McCGehee, M D. Chem

Mat er, 2004, 16, 4533). WD 2013/010614 5 PCT/EP2012/002625 - 56 - Owe
C60PCBM Another method to optimize device performance is to prepare formulations

for the fabrication of OPV(BHJ) devices that may include high boiling point
additives to promote phase separation in the right way. 1,8-octanedithiol,

10 1,8-diiodooctane, nitrobenzene, chloronaphthalene, and other additives
have been used to obtain high-efficiency solar cells. Examples are
disclosed in J. Peet, et al, Nat. Mater., 2007, 6, 497 or Fréchet et al. J.
Am. Chem. Soc., 2010, 132, 7595-7597.

15 The oligomers, polymers, formulations and layers of the present invention
are also suitable for use in an OFET as the semiconducting channel.
Accordingly, the invention also provides an OFET comprising a gate
electrode, an insulating (or gate insulator) layer, a source electrode, a
drain electrode and an organic semiconducting channel connecting the

20 source and drain electrodes, wherein the organic semiconducting channel
comprises an oligomer, 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.

25 OFETs where an OSC material is arranged as a thin film between a gate
dielectric and a drain and a source electrode, are generally known, and
are described for example in US 5,892,244, US 5,998,804, US 6,723,394
and in the references cited in the background section. Due to the
advantages, like low cost production using the solubility properties of the

30 compounds according to the invention and thus the processibility of large
surfaces, preferred applications of these FETs are such as integrated
circuitry, TFT displays and security applications.

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



10A bl end or m xture of a polymer according to the present invention with a
C60 or C70 fullerene or nodified fullerene |Iike C60PCBM or C70PCBMis the
pr ef err edwoabsyiledi4conbi nati on to be used in formul ati oRETEPROIOBN26ARVI CeS.
Preferably the ratio pol ynmer:full erene i@ from5:1 to 1:5 by wei ght, nore
preferably from1l:1 to 1:3 by weight, nost preferably 1:1 to 1:2 by

15wei ght. A polyneric binder may al so be included, from5 to 95% by wei ght.

Exanpl es of hinder include | yst yrene(PS), ,pol ypropyl ene (PP) and

pol gprret hyl ne???é'@??ﬁ g?ge? -ey o%‘ﬁr'ﬂﬁ @?‘9 I‘éjﬁ’?r}/'g’?eé)%eier'ﬁ@gqﬂe)@'\ﬂ thei ces
the ol i goner senuicoyduster la3@pbothreontakcetidsinsulating rl@#ali!téﬁ@g\@éo&ﬂ%é prfesent
i nvention ma t e . Liquid coating o
devices is rr)éarléé&dr esi ?i‘%}t@g'g e{H%@%%ﬁchﬁ g@&%"lﬁ%%ﬁg?égﬁﬂ?m. '”Sd’l’&r'r on

deposition nmethods are especially preferred. The fornul ati ons of the
presents i nventr oF EEMablite tdtRokfifg 86 tife ' bRl i hni ques.
Preferred deposition tlechn' ques 25i ncl E%ﬁw@fﬁgh?ﬂwﬁeﬁ@#gﬁ&ptdrfs%scoati ng,
spin coating,” d MUFEECIETMG ng, nozzle printing, letter-press printing,
screen pri nti-rggrai elagtder i nting, doctor bl ade coating, roller printing,
reverse-roller I.Nng | ffset lithography printing, dry offset

| it hography prq ﬁ%tlen%],é&??%éographi c printing, web printing, spray coating,
di p coating, -cusemicondoatingégyely ush coating, slot dye coating 30or pad
printing For forf ABFd Batd evi ces and nodul es area printing

met hod conpati bl e w tLé g?exfiﬂ%fl%ftos%\g?%at es are preferred, for exanple slot
dye coating, -SptigDatwasubstraits the 1i ke. Suitabl e sol utions or

formul ati ons containing the blend or m xture of a 35pol ynmer according to

t he present ir}]ventit?,n with a C60 gar C70 fullerene or nodified fullerene

li ke PcBM mudtNHEMNERGREONIUCOR laysr eFeferrk!p fopprisgpan oligomer,

2013/ 010614 PEolyEre) balydoecaiend ds formulation as described above and below.

15
The OFET device can be a top gate device or a bottom gate device.
Suitable structures and manufacturing methods of an OFET device are
known to the skilled in the art and are described in the literature, for
example in US 2007/0102696 A1.

20

The gate insulator layer preferably comprises a fluoropolymer, like e.g. the
commercially available Cytop 809M® or Cytop 107M® (from Asahi Glass).
Preferably the gate insulator layer is deposited, e.g. by spin-coating,
doctor blading, wire bar coating, spray or dip coating or other known

25 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
fluorosolvents are known in prior art, like for example the

30 perfluoropolymers Teflon AF® 1600 or 2400 (from DuPont) or F luoropel®
(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
to 4.0 ("low k materials”), as disclosed for example in US 2007/0102696

35 A1 or US 7,095,044.



formul ati ons, suitable solvent nust be selected to ensure full dissolution
of both conponent, p-type and n-type and take into accound the boundary
condi t i orsO(2bvo1esdanpl e r heol ogi cal properties) introdueet/drgozive2cehosen
printing nethod. 5 O ganic solvent are- herally used for this purpose.
Typi cal solvents can be aromatic sol vents, hal ogenated sol vents or

chl orinated sol vents, including chlorinated aromati c sol vents. Exanpl es

i ncl ude, but ar imted to ro ene, 1, 2-dichl orobenzene,

chl orof orm i'qzc‘%c{l]ﬁh' %ngla‘ggpﬁ,a(aggl'rglaaf %%SF@FH'&% W'ﬁ’tﬁ%l‘ioﬂéﬂﬁmgﬂ ori de,

t ol :Jene, cy cnatexialmaecordinglodbetpaesenttintestiong liké Wa@@nst@t@lcﬁ%ﬁeér%ﬂho'l' ge
t t -

e ot ha HefliSed Ry B o o dlh AR AGE L0 BB ShTHiEROne ) I

acetate, n- b&wnt%ti%tf@@@ dacwnents eoforateerdise badknetesy tredittaandisier (D

15di rrefﬂwlsulctaeds deationat r@ldbae eREL Hkd n a et hyl
benzoat e, yl enel ap | rr?at | nsél'?%asr gg?ﬁy %Od’%wge@ﬁ@éﬁx&ﬁh@or
exanpl e be o WWﬁe §\7ns B CNRIUESIeFat ure (see e.g. Wal dauf et al.,
App!. Phys. Lett., 2006, 89, 233517) 20 Afirst preferred OPV device

di t f th
according o ARSRAVAILH ST IR SERARG o Sht MMRoh g, (hlyble $oduence
el ectrode, thliﬁéDabe}B asrtlma mtlvgd@playtmlatmaldea flait benéﬁdlgplazxanpl e I TO
ser Vi A0S ahcanaf, o oSSR KB LIERS BT Ticlol e g gnsport

| ayer, prefe

exanpl e of Péﬁ@fzﬁég;?‘“ n %’g- ansegﬂ%]ﬂaeghﬁ gzﬁhhubllaywﬁtructures An
gglly(l SL yr ﬁgﬁM|§gbat|§9er .grgeﬁaealwdndewBéhné\éd\bn@bﬁlﬁ&g@’é éjé’t &freny1) -
napt hy| pﬁeny%r]a %b?ﬁlﬁ%ﬁgﬁ{,‘f}%{{%ﬁn %FﬂYﬁéﬁ éi)ygpl"é(tf/@ra" glegyig \é‘?'é’ig%d to as
"active | ayeelectrmsmnd holgsascharge canitramaove m@&%@bﬁﬁﬁﬁh%““ or,
gﬂldcg ?%eeﬁeﬁgr%?ﬁe?@mhﬁnagoﬁIeoaotsﬁe%gtéﬁe?at%rl g¥§"heRce ?usmpnlessgclaggé p-type
he lumophor units contauned in the emission layer. The inventive
compounds, materials and films may be employed in one or more of the
charge transport layers and/ or in the emission layer, corresponding to
their electrical and/ or optical properties. Furthermore their use within the
20 emission layer is especially advantageous, if the compounds, materials
and films according to the invention show electroluminescent properties
themselves or comprise electroluminescent groups or compounds. The
selection, characterization as well as the processing of suitable
monomeric, oligomeric and polymeric compounds or materials for the use
25 in OLEDs is generally known by a person skilled in the art, see, e.g.,
“Muiller et al, Synth. Metals, 2000, 111-112, 31-34, Alcala, J. Appl. Phys.,
2000, 88, 7124-7128 and the literature cited therein.

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

30 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, 1998, 279, 835-837.

A further aspect of the invention relates to both the oxidised and reduced
35 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



35and n-type sem conductor, formng a BHJ, optionally a layer having

el ectron transport properties, for exanple WD 2013/010614PCT/ EP2012/ 002625
- 58 - 5 woreprymiélg LiF, a | ow work fugi'i on el ect r ode pCpriEP@rAabi6eys
conprising a netal |ike for exanple al umM$um serving as cathode, wherein
at | east one of the electrodes, preferably the anode, is transparent to
visible light, and wherein the p-type sem conductor is a polyner according
to the prese ef erred, OPV device according to the

. d nyent .on. 0A second pr
i nvention i srp‘i%ﬁ Fé(}‘g‘r‘?tb"&y OIb'sd‘éEi’n 88°‘é{rfﬁ‘ BRUre & comenen ApBantsy | ayers (in
t he sequence Suitabléddopantstand opEthodopf domiag laye anewhtbrihdSe skilled in the @ hi gh
wor k functio I keep el , LS for 15exanple ITO
serving as c%t ’od%fr&g %ﬁZ%?@?hl@J%h%ﬁgﬁgﬁgc% hn:g %$%B§3?1 es, preferably

conprising a netal oxide like TiOx or Znx" an active |layer conprising a
p-typesand amhe dofiRg ProeasStypRdallg FRpHES BeatribhtusitRe sBRlIVESILALE
el ectrodes, %ét%ﬁaf%ﬂh%xnl g)t(id];agrng or reducing agent in a redox reaction to form
delocalised ionic centres in the material, with the corresponding
counterions derived from the applied dopants. Suitable doping methods
comprise for example exposure to a doping vapor in the atmospheric
10 pressure or at a reduced pressure, electrochemical doping in a solution
containing a dopant, bringing a dopant into contact with the semiconductor
material to be thermally diffused, and ion-implantantion of the dopant into
the semiconductor material.

15 When electrons are used as carriers, suitable dopants are for example
halogens (e.g., Iz, Cl, Bry, ICI, ICl3, 1Br and IF), Lewis acids (e.g., PFs,
AsFs, SbFs, BF3, BCl3, SbCls, BBr; and SO3), protonic acids, organic
acids, or amino acids (e.g., HF, HCI, HNO3, H,SO,, HCIO,, FSO;H and
CISQO3H), transition metal compounds (e.g., FeCls, FeOClI, Fe(ClO,)s,

20 Fe(4-CH3CeHsSO3)s, TiCls, ZrCly, HfCls, NbFs, NbCls, TaCls, MoFs, MoCls,
WFs, WCls, UFg and LnCl; (wherein Ln is a lanthanoid), anions (e.g., CI,
Br, I, I3, HSO., SO,%, NO3, CIO,, BF,, PFg, AsFg¢’, SbFg, FeCl,,
Fe(CN)s, and anions of various sulfonic acids, such as aryl-SO3’). When
holes are used as carriers, examples of dopants are cations (e.g., H', Li*,

25 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,") (SbFs), (NO,")
(SbClg), (NO2") (BF4), AgCIO4, HalrCls, La(NO3)3 - 6H,0, FSO,00S0,F,
Eu, acetylcholine, RsN", (R is an alkyl group), R:P* (R is an alkyl group),
ReAs” (R is an alkyl group), and R;S* (R is an alkyl group).

30
The conducting form of the oligomer and polymers 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, films for flat panel displays and touch screens, antistatic

35 films, printed conductive substrates, patterns or tracts in electronic
applications such as printed circuit boards and condensers.



20exanpl e as a p-type/n-type bilayer or as distinct p-type and n-type

| ayers, or as blend or p-type and n-type sem conductor, formng a BHJ, an
opti onal wordusatidélg pol yrmer | ayer or hol e transport | ay@ecCI/Ere@enmbs y
conprising an organic poymer or polyner & end, for exanple of PEDOT: PSS or
TBD or NBD, 25- an electrode conprising a high work function netal |ike for
exanpl e silver, serving as anode, wherein at |east one of the el ectrodes,
preferably the cathode, is transparent to visible light, and wherein the
p-type sem conductor is a polynmer according to the present invention. In

t he” OPV devi dée aligdrher and petymensvard formwmwn@raddaeduﬁ tty BiRe prRdent t ype

sem conduct of I ref b cted .fr the erials, like
the pol yner/fu Hefraoen%jng ﬁ%@bg S%'tgb O}clluggé OLgARIG é:?pq rEHiRgidiedesiyer s
deposi ted on(Oﬂ?&Q@bgs ribpd f@mmaleBﬁu(Qllleatet al\OVat. Photonics, 2008,

2013/ 0H0614PQTglBK2012/ 002625 - 59 - phase separate at nanoscal e | evel . For

di scussi on on nanoscal e phase separation see Dennler et al, Proceedi ngs of
the | EEE, 2005, 93 (8), 1429 or Hoppe eta!, Adv. Func. l\/ater 2004, 14(10),

1005. An_0pt /gtatdingrioainotigersisey trﬁ@mdwrxélb%caﬁﬁﬁ@wmé éﬁés@H{ infbffioh! end
nor pohol ogy %nd conscf entl g} devi,ce r’rla]ts

opti ni ze devi‘€l bpeep?% tggp Nofic) P@efm"#ﬁf 1818 aﬁcﬁl'gﬂﬁ@fﬁabrl cat i on
of OPV(BHJ) dayersds LCRAOr Qi;ED devices, s gbsdribdd fog e&eh’fpﬂe &dOSt ives to

pr onot § phas & oARRIALG1A Ti THe dééeofér%ﬂpews égﬁgﬁ@]o ”%g rﬁc&%g Qthe 1 i ves

101, 8-di i odooct ane, nltro enzene orona
present invention can increase the electrical conductivity of the alignment

layer. When used in an LCD, this increased electrical conductivity can
reduce adverse residual dc effects in the switchable LCD cell and
suppress image sticking or, for example in ferroelectric LCDs, reduce the

15 residual charge produced by the switching of the spontaneous polarisation
charge of the ferroelectric LCs. When used in an OLED device comprising
a light emitting material provided onto the alignment layer, this increased
electrical conductivity can enhance the electroluminescence of the light
emitting material. The compounds or materials according to the present

20 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 the
present invention may also be combined with photoisomerisable

25 compounds and/or chromophores for use in or as photoalignment layers,
as described in US 2003/0021913 A1.

According to another use the materials according to the present invention,
especially their water-soluble derivatives (for example with polar or ionic

30 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. U.S.A., 1999
96, 12287; D. Wang, X. Gong, P. S. Heeger, F. Rininsland, G. C. Bazan

35 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:



have been used to obtain high-efficiency solar cells. Exanples are
disclosed in J. Peet, et al, Nat. Mater., 2007, 6, 497 or Frechet et al. J.
Am Chemw6a013/0120020, 132, 7595-7597. 15The ol i goners, POIEPRE12/002625
fornul ations and | ayers of the present <i®fention are also suitable for use
in an OFET as the sem conducting channel. Accordingly, the invention al so
provi des an OFET conprising a gate electrode, an insulating (or gate

i nsul ator) | ' 2@ ASOUr C ctrode, a _drain el ectrode and an organic

seni conduct i %%‘Mﬁﬂé‘?ggo&gﬁ‘hﬁnt ﬁeMZ@YﬁﬂeéeCBﬂG’- (ﬁ%-,#qg%dﬂ%agw.
wherein the organi c sem conducting channel conprises an oligoner, polyner,
pol ynmer bl en I i enl.conductin er._according to the
present i nveﬂ'gri“%%é. [Pé ﬁé'lr't%_ eg{el?ﬂgg%(}f: gtte%e G \7\%?4 %érr%'\'}vﬁ"{ré' ioRESe
skilled in tlefthe termsiopeEmn aikte beponsEtedasdncladingsharsiraudadioas and hi n
filmbe ween g0pd@adi el ectric and a drain and a source el ectrode, are

general ly known, and are descri bed for exanple in US 5,892,244, US
5,998,804, US 6,723,394 and in the references cited in the background

section. Due Tipotdioatdnanicsesiptio ke dlﬂmw&hisﬁgﬁ&w&faheﬁ, 2! Wrdshe
solubility pmg@ert.l es o(fj “thet SQcorrpou%g.s ac (gr ding to the invention and
thus the procs2OPEPFi 2Ud orotainyand yanations OS he Wefdsy fep@rareale ons of t hese
FETs are suclicamprisingdeatedoniprisest, mpeard Fiiclddmgl Butshad Mchiteeawr i 404 are
appl i catg ons.,Jk i ctrodes and the insulating and
35sem ?tgnductr}o}\-gﬂfag%gt? ﬁ%gg(@@?@g%@#%gﬂﬁzfo%o%ﬁpgged in any sequence,

provided that the source and drain electrode are separated WO

2013/ 0106 L4PAREAHPORRE UniessSllated SMENIRE BALSELEC LIOME, %ﬁ&got i

i nsul ating | %rh t#‘ﬁ at e@?lljreectrgde an e ‘seni conduc (
contact the HRGMLAS beq'PB?r regRfetHens L degrees £@lsisé Gnd the drain
el ectrode both contact the sem conducting layer. 5An OFET device according
to the iy esent e RhbALAREE HEAAAtSITRS the foregoing embodiments of the
invention can be made while still falling within the scope of the invention.
Each feature disclosed in this specification, unless stated otherwise, may
be replaced by alternative features serving the same, equivalent or similar
purpose. Thus, unless stated otherwise, each feature disclosed is one
20 example only of a generic series of equivalent or similar features.

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

25 the invention are applicable to all aspects of the invention and may be
used in any combination. Likewise, features described in non-essential
combinations may be used separately (not in combination).

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 Diethyl 2,5-di(thieno[3,2-b]thiophen-2-yterephthalate



a source electrode, a drain electrode, a gate electrode, a

sem conducting |layer, 10- one or nore gate insulator |ayers, optionally a
subst r at evOowheymdé14t he sem conductor |ayer preferably c@®cpmPI@E2/002625

ol i goner, polyner, polyner blend or formaation as descri bed above and

bel ow. 15 The OFET device can be a top gate device or a bottom gate device.
Suitabl e structures and manufacturing nethods of an OFET device are known

o US 2007/ 010 AbGeSalftidH bt ?fﬁ% 2B ORarS (7 278r0: T g oAb aoe &
f 1 uor opol yme@nhydkeuse(1§0 emd) wasnadded at -8 SQai-Babl G0y ead; 829N Cyt op
107Mr) (f roravéegb'mﬁ@hh&megé&{g sti Eﬁdgﬂﬁcb&ﬁiﬁe@jm%@ﬁﬁ 7 aspray or

deposited, e. I n-coat1n
di p coating (6'?"%‘“@?9 RHSRRANSISRe 'P\%HQSK Wﬁ@rhf@dfmrtmjltm coolingobathi anchg an

i nsul aor makefd étlrrr@dldntﬁaat @6olm§1%r%9|rﬁﬁﬂt‘h§nvﬁdo"led383ci9fo 7y % Lhypr o atons
ber 1 uor osol VaRHtEn EnBriag dhets B 28 bBarmaR wis Asaged ke thessalstionmb

erfl uorosol M a r er
22380) O heiin snetpadstien éhddhemkumemasaﬂdréd WﬁhQﬁ@bﬁ@rﬁgbéﬁhefokﬂe"m in prior
art, like fog r Tefl on AF(r) 1600 or 2400
(f r om DuPont )ho?rf? uo?%%%c?%e{ H’%ﬁ %&ﬂ yggﬁglsulsng ﬁ@?rgl Lorosol vent FC
43(r) (Acros, No. 12377). Especially preferred are organic dielectric
et eri al0s. havinatsdid SRUIBRIAL S bkt q}(;ffqdﬂtﬁ%g% 1'#06@25?'&@ feyn L. 0 to

5.0, very prefe I cl osed for
exanpl e in U dié%%ﬁi; %98 ;4|2 '@f“ B4006/%Nand DMF anhydrous (50.0

cm?) were added sequentially and the mixture was heated to boiling for 0.5
hour. A distillation head was installed on the flask and 100 cm? of the
solvents were removed by distillation. The residue was then stirred at reflux
15 for an additional 20 hours. The mixture was evaporated under vacuum to
remove the low boiling solvents until a solid started crashing out. Methanol
(200 cm®) was added to the residue and the precipitate was suction filtered
off to yield a green-yellow crystalline solid. The solid was dissolved in hot
chloroform (250 cm3) then filtered through a short silica plug (15 cm) which
20 was washed with chloroform. The filtrate was concentrated to almost
dryness and the solid was triturated with methanol followed by a suction
filtration to yield the product as bright yellow crystals (19.40 g, 78%). 'H-
NMR (CDCls, 300 MHz): §=1.13 (t, J = 7.2 Hz, 3H), 4.25(q, J = 7.2 Hz,
2H), 7.28 (dd, J1 = 5.2 Hz, J2 = 0.6 Hz, 1H), 7.30 (d, J = 0.6 Hz, 1H), 7.40
25 (d, J =5.2 Hz, 1H), 7.89 (s, 1H). ®*C-NMR (CDCls, 75 MHz): §=13.8, 61.8,
119.3,119.4, 127.4, 132.0, 133.8, 134.1, 139.3, 139.9, 142.0, 167 4.

55.11.1 1-Tetrakis(4-octv|phenvl)-dithieno[2,3-d:2’,3’-d'1—s-indaceno[1 2-
b:5.,6-b’ldithiophene

30
To the solution of 1-bromo-4-octylbenzene (3.733 g; 12.48 mmol;) in dry
THF (20.0 cm®) at -78 °C was added n-BuLi (5.0 cm?; 12.5 mmol). The
mixture was stirred at -78 °C for 2 hours to yield a pale-yellow clear
solution. The solid of diethyl 2,5-di(thieno[3,2-b]thiophen-2-yl)terephthalate
35 (3) (1.30 g; 2.60 mmol) was added in one portion and the mixture (a yellow
suspension) was stirred at -78 °C for 20 minutes. The cooling bath was
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ot her devices with sem conducting nmaterials according to the present

i nvent i orwol2nis@1velansi stors or di odes, ¢ be used for RETBPR@EGHBLS
security markings to authenticate and pr&ent counterfeiting of docunents
of value |ike banknotes, credit cards or ID 5cards, national |D docunents,
| i censes or any product with nonetry value, |ike stanps, tickets, shares,
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their electrical and/ or optical properties. Furthernore their use within

t he 20eni ssi die sglishwas disgadvadainl qtymmagﬂni)sandﬁatémeméwm@r&ﬁ3
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is gen son, ski e.g.,
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phot ol um nescent pr ht sour ces,

ertles
e.g. in displla3B ﬂvi‘ 25441, d’es%r& b'@dgpl %@7(0&889 &3MzN4H)r 708 (@, J\eder
etal., Scienge3 HEDABY), 228,(d83= 83z, 1H), 7.27 (d, J = 7.2 Hz, 1H), 7.50 (s, TH).

3,9-Dibromo-5,5,11.1 1-tetrakis(4~octvlphenvl)-dithieno[2,3-d:2’,3’-d’]—s-
20 indaceno[1,2-b:5,6-b’]dithiophene (Monomer 1)

To the clear yellow solution of 5,5,11,1 1-tetrakis(4-octylphenyl)-
dithieno[2,3-d:2",3"-d’}-s-indaceno[1,2-b:5,6-b’|dithiophene (1.055g;0.93
mmol) in chloroform (30 cm®) was added acetic acid (10 cm®) followed by

25 the addition of NBS (0.369 g; 2.05 mmol) in one portion. The mixture was
stirred at 22 °C for 2 hours to yield a deep yellow suspension. Methanol
(50 cm®) was added and the yellow solid was suction filtered off and
washed with methanol. The solid was dissolved in warm 9:1 cyclohexane-
chloroform and the solution was flash columned on silica eluted with the

30 same solvent to yield the product as a bright yellow solid (0.79 g, 66%).
The solid was further purified by recrystallisation from chloroform-ethanol.
'H-NMR (CDCls, 300 MHz): 6= 0.87 (t, J = 6.7 Hz, 6H), 1.25 (m, 20H),
1.58 (m, 4H), 2.55 (, J = 7.8 Hz, 4H), 7.09 (d, J = 8.4 Hz, 4H),714 d, J =
8.3 Hz, 4H), 7.27 (s, 1H), 7.48 (s, 1H).

35



A further aspect of the invention relates to both the oxidised and reduced
35form of the conpounds according to this invention. Either |oss or gain of
el ect ronswopesw/aigsiun formati on of a hlg _y del ocal i sed ipomiEP2612/0Mm620hi ch i s
of WD 2013/010614PCT/ EP2012/ 002625 - hi gh conductivity. This can
occur on exposure to conmon dopants. SU|tabIe dopants and net hods of doping
are known to those skilled in the art, e.g. fromEP 0 528 662, US 5,198, 153
or WD 96/21659. 5The doping process typically inplies treatnment of the

sem conductor material with an oxidating or reducing agent in a redox
reaction to f£xemplel2ocal i sed ionic centres in the material, with the
correspondi ng counterions derived fromthe applied dopants. Suitable doping
met hods conprise for_exanpl e exposure to a dopi ng vapor in the atnospheric

10pr essur e oP.afl1ai-Fatiakig(4:dedegyihenyldithienbihdca?’ Ialdistg i n a sol ution
contai Bi ng ajrfieRRb[1 Qrb;sg- ?g.m,ggﬁ@ﬁg into contact with the sem conduct or
material to be thermally diffused, and ion-inplantantion of the dopant into
the sem conductor material. 15Wen electrons are used as carriers, suitable

fll(y)oan}_s are lron maaphﬂdgelrm@MSﬁMhels:lg o‘tfér&%@%gcgh&gglaﬂalo L@:’the' gr Sﬁ}g?
ewi s a . n
protoni c aci ghg& CEP“ A da"é:’?%s?ﬁgﬁeﬁgr?op%'& rYfdlow sqjid 'nﬁg %, migld ﬁN@B H2SO4,
HClI 04, FSCBHCQm:DO@InS(Baﬁ purlfamslytﬂash cheosiatagrapby odsil(ca. gsing Reghi, FeOCl,

Fe(C10 2 gﬁ%gg Ti ¢l NQE Cl 5,
NgI(ZS LI\J‘/DDBC’:I 5, Qg\@ﬁﬂe E“{ﬁ@ t %h@WR\{Sher &P ﬂiﬁﬁ"z)agl gth??ﬁﬁcfa ?anl ons
(e.g., d-, HZ kl) 2% @, ﬁﬂ 4Nmz 541, 9= 7.89H2, 4HRABOT (@ss.Fs-
SbF|6- 505)e0143 4 H%( G;N) 6318 (and =ag|3qn§ 41i|) 7egs Yy §glg‘ gQ;f qggc-, g? (dsyah a;s
ar 0 as carriers, exanmples o ants are cations
(ng , V\gﬁgh b<FI§ ﬁcri ﬁ%)Cst) al kali rretglps (e.qg., EI, Na, K, Rb,
and Cs), aI kal i ne- earth netal s (e g Ca, Sr, and Ba), 02, Xe0F4, (NO2+)

: . %)

(SbFs) 45( NOZé)g Ol _6H20,

FS0200S02F
al kyl gr oup) in

PR s an

an aIkyI group).

In analogy to the synthesis of monomer 1, 5,5,11,11-tetrakis(4-
dodecylphenyl)-dithieno[2,3-d:2",3’-d’}-s-indaceno] 1 ,2-b:5,6-b’)dithiophene

20 was brominated with NBS to yield monomer 2 as a bright yellow solid in
83% yield. The purification of this monomer included a flash
chromatography on silica using warm cyclohexane containing 5%
chloroform as eluent, followed by a recrystallisation from cyclohexane. 'H-
NMR (CDCls, 300 MHz): 6= 0.87 (t, J = 6.7 Hz, 6H), 1.24 (m, 36H), 1.58

25 (m, 4H), 255 (t, J = 7.8 Hz, 4H), 7.08 (d, J = 8.4 Hz, 4H), 7.13 (d, J = 8.3
Hz, 4H), 7.27 (s, 1H), 7.47 (s, 1H).

Example 3

30 Polymer P1

A Schlenk tube was charged with 9,10-dioctyl-2,7-phenanthrylene-
bis(1,3,2-dioxaborolane) (271.183 mg; 0.50 mmol), 3,9-dibromo-5,5,11,11-
tetrakis(4-octylphenyl)-dithienof2,3-d:2",3"-d'}-s-indaceno[1,2-b:56-

35 b’Jdithiophene (monomer 1) (644.792 mg; 0.50 mmol) and potassium
phosphate monohydrate (0.518 g; 2.25 mmol). To this sealed tube were



30 The conducting formof the oligomer and polynmers of the present

i nvention can be used as an organic "netal"” in applications including, but
not |im two 20/016d1ar ge i njection |ayers and | TO pl anari #CnEPR@ER®0%25 n OLED
applications, films for flat panel di spl6§ys and touch screens, antistatic
35filnms, printed conductive substrates, patterns or tracts in electronic
applications such as printed circuit boards and condensers. WO

2013/ 010614PCT/ EP2012/ Q02625 - 633.- . The. ol i d I d
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conpounds according to the present inventio nhcrease the & ectrical
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above.  whi oh ARONE SEPEAY SeRie cREdonuieateiapepstobumaics 40 enhance
al i gnnent i n68 dridyehidrafosm tsehuertiallynant fivaltjedisontved sRtMopsteehapirfel i | m
phot of sarer | 2B E A Bt el AP R FEE Worb SR PE. T bdlom gt~
phot oal i gnnmeM@s| egnsestrated to a smaller volume and then reprecipitated from
methanol to yield the first batch of polymer P1 as a yellow solid (0.398 g)
after drying under high vacuum. The molecular weights were determined
by GPC (1,2,4-trichlorobenzene, 140°C): M, = 48,500, g/mol, Pd: = 2.69.
20 The chlorobenzene extract, after reprecipitation from methanol, yielded the
second batch of polymer P1 as a yellow solid (0.354 g). The molecular
weights of this batch were determined by GPC(1 ,2,4-trichlorobenzene,
140°C) as: M, = 135,500 g/mol, Pd = 2.22. The combined yield of these
two batches of solid was 98%.
25
Additional examples of synthesized monomers and polymers are
summarized in Table 1 below.

30
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as described in US 2003/0021913 Al. According to another use the materials
according to the present invention, especially their water-sol uble

deri vat i we® 20f3omo@tanpl e with pol ar or ignic 30si de grorpS)EPe12i002%2Eal | y
doped forms, can be enployed as chem cal®%ensors or materials for detecti ng
and discrimnating DNA sequences. Such uses are described for exanple in L.
Chen, D. W MBranch, H Wang, R Helgeson, F. Widl and D. G Witten,

Proc. NatL Acaﬁl. C} . tU. .As “. $ 12287, D. Wang, X Gong, P. S.
Heeger, F. Ri ni-Adama2r¢ctUEes 80 5 objities,of the polymer exasaples Acad.
Sci. US A, 2002, 99, 49; N. DiCesare, M R Pinot, K S. Schanze and J.
R Lakow cz, E%In_grmir, égg%,m},& 7785; 20137 0I06T4PCT/ EP20T2/ 002625 -
64 - D T. MQuade, A E“PUllen, T. M SWBGBIT'Chem \Ray., 2000, 100,
2537. Unlees t hdocontext @ early indicates otherw Se,” a5 u ed (depail n

plural fornms of the ternms herein are toCp¢,canstyued as 1 ncluding tThe

singul ar formand 5vjce vCT;tproughout & description and_ clains of
this specifi caﬂon, the vvor "&ohpri se* @“@: at ai n" 13U i at i i of
the words, for exanple "conprising"” and "conprises”, nmean "including but

not limted to", and are 10pQt intended t do not) exclude ot her
conponents. Absye ansl bel Bliblss st ated herw se p es arg,per
cent by weight and tenperatures are gi ven NgMegrees é?gﬁﬂég?C) ffﬁst will

be appreci ated that variations to the fgne

i nvention can be nmade whi | tile?}ilfallini;1

i nventi on. EadM® featdire dT—@(?g 25 n thi fication7.oumess st ateed

ot herwi se, may be replaced by alternativ e res serving the sane,

equi val ent or simlar purpose. Thus, unCghss H{,ed ot herwi se, each feature

disclosed is qne 3 —QC16H33

oi(%g, enbodi nents of the
—(fi il the scope of the

492.0/138.0° 0.30

=2
P5 3 —OrcH, M 128.8/322.1° 0.4

15
s
S
4
P6 2 ~ -Cotas _(SI/)“ 62.8/163.9° 0.25
s. /\
20 P7 2 ‘QCmst Wt 35.6/74.1° 0.16
S
74
P8 3 L Cey —(SI//‘ 71.6/187.6° 0.75
P9 4 ‘O%st 2 30.7/68.8" 0.10
EH, o
25 S
AN RN
P10 4 _®C12H25 { g ?\l\ 22.5/44.8 0.05
O ‘en
C12H25 C12H25
P11 2 —Q%st QQQ 76.5/371.6° 0.04
30 CgHiz, CeHyy

P12 5 @c,ww QQQ 69.9/264.7° 0.03
P13 6 _Q‘OCaHn QQQ 70.8/200.7° 0.03
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20exanpl e only of a generic series of equivalent or simlar features. All
of the features disclosed in this specification may be conbined in any
conbi nat iw0,208x0eq@t conbi nati ons where a/l | east sone of PE@P261eAD262ES
and/or steps are nutually exclusive. In rQaTticuI ar, the preferred features
of 25 the invention are applicable to all aspects of the invention and may
be used in any conbi nation. Likew se, features described in non-essenti al
conbi nati ons may be used separately (not in—gonbination). The invention

wi |l now be described in @eehail by rce to the 30foll ow ng
exanpl es, whi cfl4are #1 1 ustreyi Ve &nly and ¢bjpot |imit 20te9s®ope ob.00%e

i nvention. Exanple 1 35Di et hyl S
2, 5-di (t hi enof 3, 2- bl t hi ophen- 2- ypt er epht hal &£, WO

2013/ 010614PCT/ EP2012/ 0026 25\- - To t 8iti on of

t hi enop3, 2- b] tAlSophehe (17529 3,?17 125. 00 /in THE amtzyairadus ( Ibdd16nB)
was added at -78 C n-BuLi (50.0 cnB8; 125.00cpmp) over 20 mnutes. The

m xture was stirred with cooling for 1 pqur to yield a m|lky white
suspensi on. The flask was li4ted out of tH&—GF0M ng bath and 5was stirred
wi t hout cool i riRp6f or BO mi n<£l§e9caﬁmsl ed @Qo - 78 C agaiifpas.4Fr i but yhagd n
chloride (35.3 cnB; 125.00 mmol) was syriaged=/nto the solution in one
portion and the m xture was stirred with the cooling batihh for 16 hours—t hen
at 22Cqpor 1 hour to yield a white suspension. 10The solid of diethyl

2, 5- di br onp- GIT€ pheasraments wepe rgn usingdiolystpiene #s§ANHA}RehA a) 1, D4g; 1. 42
mol ; 2. 84 1 8 seguentially and
the m xturen}/\)ﬂ/écosﬁl?leat g%%?%?ﬁ?ﬁgﬁf%ﬁgb. %I%gh?\egg (&?ggﬁﬁ? §Pﬂgﬁpshead was
installed on the flask and 100 cnB of the solvents were renoved by

di stillationExahgpleasi due was then stirred at reflux 15 for an additional
20 hours. The m xture was evaporated under vacuumto renove the | ow boiling
sol venffg until a solid started crashing out. Methanol (200 cnB) was added
to the resi d3d-Rironme5E, btilfHetbkis(@hezadet\dphdryit @itaenebi3-tep w-ghd a

reen-yel | ow.G i : [ PP sol ved 1n hot chloroform
O oo e | ohsthya Sdrh 22038 bYditdiBEnsRs i o UT5 m oo

Q.

In analogy to the synthesis of monomers 1 and 2, 1-bromo-
hexadecylbenzene (11.59g, 30 mmol) was lithiated with n-BuLi (12 cm®,
30 mmol) in dry THF (300 cm?) at -35 °C. The lithiated intermediate
reacted with diethyl 2,5-di(thieno[3,2-blthiophen-2-yl)terephthalate (3.00 g;
6.02 mmol). The resultant cude diol intermediate was ring-closed with p-
toluenesulfonic acid monohydrate (2.0 g, 10.51 mmol) in dichloromethane
(150 cm’) to yield the crude ring-closed product as a deep yellow solid.
The solid was purified by flash column chromatography on silica eluted
with cyclohexane to afford the product 5,5,11,11-tetrakis(4-
hexadecylphenyl)-dithieno[2,3-d:2’,3"-d’}-s-indaceno[1,2-b:5,6-
b’]dithiophene as a canary yellow solid (6.28 g, 65%). 'H NMR (300 MHz,
CDCl3) 6 = ppm 0.83 - 0.93 (m, 6 H), 1.19 - 1.39 (m, 52 H), 1.52 - 1.66 (m,
4 H), 2.50 -2.59 (m, 4 H), 7.05 (d, J=8.2 Hz, 4 H), 7.17 (d, J=8.3 Hz, 4 H),
7.21-7.26 (m, 2H), 7.48 (s, 1 H).

20

25

30

The solid (5.39 g, 3.37 mmol) was brominated with NBS (1.33g,7.24
mmol) in a solvent mixture of chloroform (300 cm?®) and acetic acid (60
cm®) by stirring at 35 °C for 1 hour. The crude product was purified by
column chromatography on silica eluted with cyclohexane, followed by a

35



20was washed with chloroform The filtrate was concentrated to al nost
dryness and the solid was triturated with nethanol followed by a suction
filtrati omot2o13yiledld t he product as bright yell ow cryst aPST(EP2014002$25 78%) .
1HNMR (CDCI 3, 300 MHz): g= 1.13 (t, J =M% Hz, 3H), 4.25 (q, J = 7.2 Hz,
2H) , 7.28(dd J1 52Hz J2 06Hz, 1H, 7.30 (d, J = 0.6 Hz, 1H),
7.40 25(d, J 52Hz 789 (s, 1H). 13C-NWR (CDCI 3, 75 MHz): 8= 13.8,
61.8, 119.3, 3 133. 4.1, 139 3, 139 9, 142.0, 167.4.
55,11, 11- Tet’%‘%‘%ﬁé{' aé'&r\/f'B'rl? %KF%hedﬁat"ﬁuFEﬁ e ‘efher (89-100°C tp virld 39 1, 2-
b: 5, 6- b ]dltldlltm'pmmé 30 1Td -teteaksxihh hteixadeofiphehyIPaRhidno L, Bldagr@em s{3.733 g;
12. 48 mmol ; 1 adde cnB; 12.5
mol ). The 'ﬁcﬁﬁg% ; E%%b@gﬁ%bhgg g‘g "gaﬁé)l?lssa gdg 'lﬁ’v‘é\s‘ﬂ!ﬂ e-yel | ow
clear sol uti éA58he92%). & MMRIREPAMHz, chloroformd)Sppm086 0.94 (m, 6
2, 5-di @ hieng{ 3,12233]H340@h6522f)yh)5&1&r138*?t( lgahe 23p t3) =% ,%9 H)ng,% ol )
S

e Ta et or TobS PnBHbeP G, b TE el haat vo ik rrred

2013/ 010614PCT/ EP2012/ 002625 - 66 - renpbved and the m xture was stirred at

22 C for 50 ' yield a deep yell ow clear solution. Saturated amoni um
chl ori de sol cnB) was added and the m xture was stirred for 15
m nutes. The orange oil was taken into diethyl ether (2 x 50 cnB). The

sol ventygnas NRBEpated till a Syellow solid started crashing out.
Met hanol (SOETH%H;?C wWas added to the residue and the precipitate was

collected by suction filtration and washed with nethanol. The solid was

e R RS e 1 p it
iadiazole

(97.0 mg; 0.25 mmol), Pdx(dba); (2.8 mg, 1.24 mol%), tri-o-tolyl phosphine

15 (6.1 mg, 8.00 mol%), Aliquat 336 (0.010 g), toluene (5 cm®) and sodium
carbonate (2 M in water) (1.0 cm®; 2.00 mmol). The mixture was
degassed by bubbling N, through for 60 minutes at 22 °C. The reaction
mixture was placed in an preheated oil-bath and stirred at 120 °C for 20
hours to yield a navy blue mixture. The mixture was cooled naturally for 10

20 minutes and bromobenzene (0.050 cm?; 0.47 mmol) was added. The
mixture was stirred with heating for 50 minutes and was cooled for 10
minutes again. 4-Ethylphenylboronic acid (0.100 g; 0.67 mmol) solution (in
0.5 cm® dioxane) was added and the vial was lowered into the oil-bath and
stirred for an additional 50 minutes.

25
The mixture was cooled to 22°C and precipitated into stirred methanol
(200 cm®). The dark-blue fibrous precipitate was collected by suction
filtration and washed with methanol, water then acetone. The crude
polymer was subject to Sohxlet extraction with acetone, petroleum ether

30 (40-60°C), cyclohexane then dissolved with chloroform. The chlororform
extract was concentrated to a smaller volume and precipitated from
methanol to yield a dark blue solid of polymer P2 in yield of 0.232 g (54%)
after drying in a vacuum oven. The molecular weights were determined
with GPC (1,2 4-trichlorobenzene, 140°C) as: M, = 68,400 g/mol, Pd =

35 1.70.



hour foll owed by the addition of nethanol (150 cnB). The yellow precipitate
was suction filtered off and washed wth nmethanol. The solid was further
purified w9 2bi3aaheiaol unm chr onmat ography on silica (9:1 permre@ammher 40-
60-chloroform to yield the productas am'rght-yellow solid (1.06 g, 36%.
151H- NWMR (CDCI 3, 300 MHz): 8=0.86 (t, J = 6.7 Hz, 6H), 1.25 (m 20H), 1.58
(m 4H), 2.54 (t, J =7.8 Hz, 4H, 7.07 (d, J = 8.3 Hz, 4H), 7.18 (d, J =
EinHg 4H) , E7xa%§ I{e% J =5.2 H, 1H), 7.27 (d, J = 7.2 Hz, 1H), 7.50 (s,
9-Di brono-5, 5, 11, 11-t et r aki s(4-oct vl phenyl) -di t hi enof 2, 3-d: 21, 3' -d1l - s-

20i ndacenof 1,8519ma bl di t hi ophene (Mononer 1) To the clear yellow

sol ution of S%SiQrTnI,L%g-tetraki s(4-octyl phenyl) -

dithieno[2,3-d:2",3 -dl-s-indaceno[ 1, 2-b: 5, 6-b] di t hi ophene (1.055 g; 0.93

) 5 chl i | | fql db
D5thb addi 11 g oe (G e THntHess j6§ SR P 1 it 2o 2Tibg, oI o vas
stirred at Zin'aoi)cﬁnggﬁg)ﬁg'é’cfyg'zyﬁé’l 8"3”%5”9&'3(6ﬁ?%@$®@mf@ﬁne%t hanol (50
c_rr?)h wafhaddle(d.eam g,hile_sgehmw wetd pbly«g&_riwdﬁrit arsoivenit eigerd b t&nﬁ?@ﬁsped
Wi met hano i in warm 9.1 cyc| ohexan orof orm
and the sol ut(i‘lg-rgpr\?\g%ﬂfj I g‘s‘%ﬁ %ﬁﬁrﬁ%g@n) g?qt?@é[‘%aﬁigd‘x’ﬁ}ecrn?ﬁr?@%gOsane
sol vent to yipstassivia phasphate Hmrmﬂyld'rngt(uﬁﬁﬂgz\ﬁ.ﬁﬁlrrhrdo(),()l?agdba)ﬁ(aeiao Tlhe

lid f o ; ' ' f t hanol .
h NNRV‘?CDC?’@@'3%89M‘*J’%L@%‘!'S?S{Y@%bb‘f?@?ﬁ f’f%&g’,f eSS A Repgt S 55
(m 4H), 2.59fthe pglymérisation, thepolymegavasiend-capped byireacting with14 (d, J =

8.3 Hz, 4H), bfo@bdb 0.10.483 y ) )
- PCT/ Epon)z / 0100625éazeﬂé-|x )(@nd BHénylbMen0dcid 03.9814 se@;ﬂentlany for

5,5,11, 11- Tet' %g@%@%ﬁﬁ@,fghgm frepralicwrralymer golid precipjtated frigmaceno( 1, 2-

b: 5, 6- bl di t hirogthanel was pusified lbar setauential Sohklbeeyatidasiith atetdne,

4-oct yl | ' d t ai ned | e-yel |

St o 11 41 PRy A et (40607 OBy GORBRAL Al o 2 ASRSRd T o aphy on-

si | i ca usi ng chéarapenzena pod Pxegiritatedifram enetbancl. THe Mg (EpolydneBPd MHz): 6

0.87 (t, J =yyxse2HB, 0%) I e , J = 7.8 H,
( Wos/208 9 %) iremioRe e'ﬁ’i“:ss‘ezs'.e'sé Eﬁéh% e%‘f?ﬁ'i?r’(’% J =5.2

4H), 7.07 (d,. & =.8.4 H, 4 d, ,
HZH? 1H), 7.(27(1%&'tffﬁof%fnﬁk?‘éiliﬁ&%ﬁ.(%“/{ns? 541900 g/mol, Pd = 2.51,

20 Example 7
Polymer P4

In analogy to the systhesis of polymer P3, monomer 3 (0.6954g,

25 0.40mmol) and 9,10-dioctyl-2,7-phenanthrylene-bis(1 .3,2-dioxaborolane)
(0.2169 g, 0.40 mmol) were co-polymerised in a solvent mixture of toluene
(56 cm®) and 1,4-dioxane (5 cm®) containing water (5 cm?), potassium
phosphate monohydrate (0.415 g, 1.8 mmol), Pdx(dba)s (4.5 mg, 1.20
mol%) and tri-o-tolylphosphine (9.7 mg, 8.0 mol%). The polymer was end-

30 capped by reacting with bromobenzene (0.05 cm®) and phenyiboronic acid
(0.10 g) sequencially for 1 hour each at 110 °C. The deep yellow polymer
solid precipitated from methanol was purified by sequencial Sohxlet
extraction with acetone, petroleum ether (40-60°C) and finally dissolved in
chloroform then precipated from methanol. The yield of polymer P4 was

35 0.76 g (96%). The molecular weights were determined with GPC (1,2 4-
trichlorobenzene, 140°C) as: M, = 49,200 g/mol, Pd = 2.96.



153
9-Di brono-5, 5,11, 11-tetraki s(4-dodecyl phenyl)-dithieno[2,3-d:2",3" -dl -s-
i ndacenolwp2e13/69@4bi | di t hi ophene (Mnoner 2) | n anal o@¢TIER201DA0IBYNt hesi s
of nonomer 1, 5,5,11,11-tetrakis(4- ~-73-
dodecyl phenyl)-dithieno[ 2,3-d:2",3 -d ]-s-indaceno[ 1, 2-b:5,6-b"]dithi ophene
20was brom nated with NBS to yield nononer 2 as a bright yellow solid in
83% vyield. The purification of this nononer included a flash chromatography
on silica using warm cycl ohexane containing 5% chl orof orm as el uent,
foll owed by &xamplgst al | i sati on from cycl ohexane. 1HNVR (CDCl 3, 300 MHz):
6-0.87 (t, J =6.7 Hz, 6H), 1.24 (m 36H), 1.58 25(m 4H), 2.55 (t, J = 7.8
Hz, 4H), 7.08 ('d, J =8.4 H, 4H), 7.13 (d, J = 8.3 Hz, 4H), 7.27 (s, 1H),
7.47 (s, 1H) PolymerP5 Exanple 3 30Pol ynmer P1 A Schlenk tube was charged
w th 9510-di octyl-2, 7- phenant hryl enebi s(1, 3, 2- di oxaborol ane) (271. 183 ny;
0.50 nmol ), 2\% di?bk no-5, 5, ]]:qu,{ll- .
tetrakis(4-o0 Fpigo 3&99 diastharged vwathympnomer @ (434 6:mg: % mraok; 446-
Bﬁb' ] ﬂ' E hi Opwﬂirﬁmmw)ﬂz&b&h?@%éﬂ@i 1Q3.5ﬂntgﬂp!25 ﬁﬂfblpﬁﬂgﬁdﬂg‘ "o
phosphat e no ra . ;2 mol ) . i s seal ed tube re
2013/010614P2§‘%§0&%9(d8’?§g tﬂ'%é"\%'pﬁf’%@" aded e g&?-e'“() oD telygne,
1, 4- di oxane (aahadmr&)(4aﬁmdm§|PB®dWEr(1((ch%mB\)a.miRitlﬁet\hé@Begyms)b on was
then dqgassed, belihd | R 1] nwhil e, a stock
sol ution of ?ggaf'y%t'\g\c/tgrsb reﬁ%’ﬁ%&gﬁ%e%%ggépvg%r Bﬁﬁ%@fé"‘%@ﬁ ®%y; 0.025
mrol ), tri- oViSSPYs-Ssehsimmdhe izlovas ggoled. maturally for 5 min and

bromobenzene (0.05 cm?; 0.47 mmol) was added. The mixture was stirred

at 110 °C for an additional 30 minutes followed by the addition of phenyl

tributyltin (0.20 cm?; 0.61 mmol). The mixture was stirred for an additional

15 50 minutes at 110 °C.

The viscous solution was diluted with 5 ml of toluene while it was hot then
cooled to rt and precipitated into stirred methanol (200 ml). The rosy-red
plastic solid was collected by suction filtration and washed with methano!

20 and acetone. The polymer solid was purified by sequencial Sohxlet
extraction with acetone, petroleum ether (40-60°C) and finally dissolved in
chloroform and precipitated from methanol. The yield of polymer P5 was
0.375 g (86%). The molecular weights were M, = 134,100 g/mol, Pd =
2.59 as determined by GPC (1,2 4-trichlorobenzene, 140°C).

25

Example 9
Polymer P6

30 In analogy to the synthesis of polymer P5, monomer 2 (0.7570 g, 0.50
mmol) was co-polymerised with 2,5-bis(trimethylstannyl)thieno[3,2-
bjthiophene (0.2329 g, 0.50 mmol) in dry toluene (9.0 cm®) and DMF 1.0
cm®) in the presence of Pd(PPh);Cl, (11.5 mg; 0.02 mmol). The reaction
mixture was degassed and stirred at 100 °C for 15 minutes, then end-

35 capped with 2-iodothiophene. The polymer solid precipitated from
methanol was then purified with Soxhlet extraction with acetone,



5mmol ) in anhydrous 1, 4-dioxane (2.5 cnB), degassed for 60 m nutes. The
degassed catal yst solution (1.0 cnB) was added via a plastic syringe into
t he firstwBehixnbsitube. The reaction m xjure was then plPat&P2o12a02603 | - bat h,
heated to 110 C and stirred vigorously &2 hours, at 120 C for 1 10hour
and at 140C for an additional hour. The reaction m xture was cool ed
naturally then poured into nethanol (150 cnB) and the yell ow solid was

filt d of f d net hanol I lid
then puri 11 cReR Ll alte PTG Ao an ) Ges el Ehisetomm. o0
and chl orofoﬁﬁﬂs’@QU@lmaI%d to yightipolymeriR6 ds asiﬂepeuédlfrbrobisOTlﬁJéD IeWas The
15acet one ang ppbr(gg%;rg,@({r{ea,ﬁbﬁe J%ﬁgﬁfsa‘;lgped I@agggorof ﬁ]r,%}sextract was

concentrated_to er vol une an n reprecl thanol to
yield the fiRf! B%P@FﬁfmmﬁeWr@F’CF@hagoaely@nm\ﬁOsg) id (0.398 g) after

dryi ngSunder hi gh vacuum The nol ecul ar wei ghts were deterni ned by GPC
(1,2,4-tri chErobﬁnzﬁne 1400 : ©Mh = 48,500, g/mol, Pd: = 2.69. 20The

chl or obenzen . after reprecipitation from nethanol, yielded the
second batch of polyner Pl as a yellow solid (0.354 g). The nol ecul ar

weli ghts of th @'tply wer e determ ned by GPC(1, 2,4-trichl orobenzene, 140C)
as: M = 135; , Pd = 2.22. The conbined yield of these two batches
of solid was 98% 25 Addltlonal exanpl es of synthesized nononers and

rz)gllg merg ar e g_? ;alﬁﬁl%g?{g/@ghé @ZE##@S% df RS AYr P2 morohidr'® (0.¥670 g, 0.50
mol) was co-po ymerlsed with 4,4’-bis(trimethylstannyl)-2,2’- -bithiophene
(0.2459 g, 0.50 mmol) in dry toluene (10.0 cm?) in the presence of
Pd(PPh)sCl2 (11.5 mg; 0.02 mmol). The reaction mixture was degassed
and stirred at 100 °C for 2 hours, then end-capped with 2-iodothiophene.
15 The crude polymer solid was precipitated from methanol then purified with
Soxhlet extraction with acetone, petroleum ether (40-60°C) and finally
dissolved with chloroform and re-precipitated from methanol to yield
polymer P7 as a red fibrous solid. The yield was 0.67 g (88%) and the
molecular weights were M, = 35,600 g/mol, Pd = 2.08 as determined by
20 GPC (chlorobenzene, 50°C).

Example 11

Polymer P8
25
In analogy to the synthesis of polymer P5, monomer 3 (0.8409 g, 0.48
mmol) and 2,5-bistrimethylstannylthieno[3,2-b]thiophene (0.2253 g, 0.48
mmol) were co-polymerised in dry toluene (9.5 cm®) and DMF (2.0 cm?®) in
the presence of Pdz(dba); (5.4 mg; 1.59 mol%), tri-o-tolylphosphine (11.7
30 mg, 7.95 mol%). The polymer was end-capped with bromobenzene (0.05
cm?, 0.47 mmol) and phenyl tributyltin (0.20 cm?®, 0.61 mmol) sequentially
before precipitated from methanol. Sohxlet extraction with acetone,
petroleum ether (40-60°C), cyclohexane, acetone was carried out to
removed impurities and finally dissolved in chloroform then re-precipitated
35 from methanol and dried. The yield of polymer P8 was 0.80 g (96%) and



- 69 - Table 1. Structures and OFET hole nobilities of the polynmer exanples
WO 2013/ 010614PCT/ EP2012/ 002625 - 70 - 10GPC neasurenents were run using
pol yst yr ene 2a3/@b@ndard and a) 1,2, 4- tr.} hl or obenzene @ECAMEP)12/009625

Chl or obenzene (50 C) as the solvents. Exanhple 4

153, 9-Di brono-5, 5, 11, 114et r aki s(4- hexadecvl phenvp-di t hi enof 2, 3-d: 2", 3" -el -
s-indacenoll, 2-b: 5, 6-bl di t hi ophene (Mnoner 3) |In analogy to the synthesis

f . < 5 30 1 ).

it ac od wi £ noiéouler S5RRG WGEAGECH £B06 Shigk P 2%asgs oBfingd- 55 ¢
The | it hi at e®Yi@PEr (ehinrabenzengt2QfCli t h di et hy!

2,5-di (thieno[ 3, 2-b]thi ophen-2-ypterephthal ate (3.00 g;

Example 12

3,9-Bis(trimethylstannyl)-5.5.11.1 1-tetrakis(4-dodecylphenyl)-dithieno[2. 3-
d:2'.3'-d']-s-indaceno[1.2-b:5.6-b’]dithiophene_(Monomer 4)

To the solution of monomer 2 (2.50 g, 1.65 mmol) in dry THF (50 cm?)

10 (dissolved by heating with a warm water-bath then cooled down slowly to -
50 °C with acetone and dry-ice) was added n-BulLi (1.90 cm?, 4.75 mmoil)
over 10 minutes, to yield a deep yellow clear solution. The temperature
was lowered to -78 °C %lnd the solution was stirred for 2 hours to yield a
yellow suspension. Chlorotrimethylstannane (5.0 cm?®, 5.0 mmol) was

15 added through a syringe in one portion and the resultant clear orange
solution was stirred at -78 °C for 2 hours prior to the removal of the cooling
bath then stirred at 22 °C for 16 hours. The dark orange solution was
vacuum evaporated to dryness to yield a pale-brown gum. The crude
product was dissolved in petroleum ether (40-60°C), suction filtered

20 through a fiber glass filter. The filtrate was evaporated to dryness under
maximum vacuum to yield a pale-brown sticky solid (2.79 g). The crude
titted compound (monomer 4) was used directly for subsequent
polymerisations without further purification.

25 Example 13

Polymer P9

The above prepared 3,9-bis(trimethylstannyl)-5,5,11,11 -tetrakis(4-

30 dodecylphenyl)-dithieno[2,3-d:2’,3"-d"]-s-indaceno[ 1 ,2-b:5,6-b’]dithiophene
(monomer 4)(0.4502 g; 0.27 mmol), monomer 2 (0.4053 g; 0.27 mmol),
Pd(PPh;)>Cl2 (6.5 mg; 3.45 mol%), dry toluene (5.0 cm?) and dry DMF (1.0
cm®) were chareged in a Schlenk tube. The mixture was degassed then

35 stirred at 110 °C for 4 hours to yield a red viscous solution. The polymer

was end-capped with bromobenzene and pheny! tributyltin followed by a
precipitation from stirred methanol (300 cm®). The red solid was collected



6.02 mmol ). The resultant cude dial internediate was ring-closed with

ptol uenesul foni c acid nonohydrate (2.0 g, 10.51 mmol) in dichl oronet hane
(150 cnB)woaos/abe4t he crude ring- closegﬁfroduct as a deep/Bpediovezdl i d. 25
The solid was purified by flash col um omat ography on silica eluted with
cycl ohexane to afford the product 5,5, 11,11-tetrakis(4-
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(chlorobenzene, 50°C).

Example 14
10

Polymer P10

In analogy to the synthesis of polymer P9, the above prepared 3,9-
bis(trimethylstannyl)-5,5,11,1 1-tetrakis(4—dodecy|phenyl)-dithieno[z,3-

15 d:2',3'-d’}-s-indaceno(1,2-b:5,6-b’[dithiophene (monomer 4)(0.4730 g, 0.28
mmol), 3,6-bis(5-bromo-thiophen-2-yl)- N, N'-bis(2-ethyl-1-hexyl)-1,4-
dioxopyrrolo[3,4-c]pyrrole (0.1920 g, 0.28 mmol) Pd(PPh;),Cl, (6.5 mg;
0.01 mmol; 3.45 mol%), dry toluene, (5.0 cm®) and dry DMF (1.0 cm®)
were chareged in a Schlenk tube. The mixture was degassed then stirred

20 at 110 °C for 2 hours to yield a dark-green viscous solution. The polymer
was end-capped with bromobenzene and phenyl tributyltin followed by a
precipitation into stirred methanol. The resultant purple-blue solid was
collected by suction filtration and washed with methanol and acetone. The
solid was Sohxlet extracted with acetone and petroleum ether (40-60°C)

25 and finally dissolved in chloroform re-precipitated into methanol to yield
polymer P10 as a brown-green solid (0.459 g, 87%). The molecular
weights were M, = 22,500 g/mol, Pd = 2.00 as determined by GPC
(chlorobenzene, 50°C).

30 Example 15

Polymer P11

In analogy to the synthesis of polymer P4, monomer 2 (0.3949q,
35 0.261mmol) and 9,10-didodecyl-2,7-phenanthrylene-bis(1,3,2-
dioxaborolane) (0.2000 g, 0.261 mmol) were co-polymerised in toluene
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precipitated into stirred methanol (200 cnB). The dark-blue fibrous
precipitate was collected by suction filtration and washed w th net hanol,
wat er then adetaomgle TBhe crude pol yner was subject to Sohxl et extraction
wi th acetone, petrol eum ether 30(40-60C), cycl ohexane then dissolved with
chl orof orm The chI ororform extract was concentrat ed to a smal I er vol unme
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Ji el d of5 0. 230 girlinopf Par SENibShehe/ ASTEVS] The Mol ecul ar e ght s

were determ ned

To the solution of 2-hexadecylthiophene (4.011 g; 13.00 mmol) in dry THF
(30 cm®) at -5°C was added n-BuLi (5.2 cm® 13.00 mmol) over 10
minutes. The mixture was stirred at -5 °C for 1 hour to yield a clear

20 colourless solution. The solid of diethyl 2,5-di(thieno[3,2-b]thiophen-2-
yhterephthalate (3) (1.297 g, 2.60 mmol) was added in one portion and the
mixture (a brown suspension) was stirred at -5 °C for 10 minutes. The
cooling bath was removed and the mixture was stirred at 22 °C for 20
hours to yeid a pale-red clear solution. The solution was then stirred at 60

25 °C for an additional 1 hour. Ice-water (50 ml) was added and the mixture
was vigrously stirred for 10 minutes followed by the addition of methanol
(50 cm®). The yellow precipitated was collected by suction filtration and
washed with methanol then air-dried on the filter to yield a sandy yellow
solid.

30
To the solution of the above prepared solid in dry DCM (50 cm’) was
added BF; etherate (1.0 cm?; 8.10 mmol). The purple red solution was
stirred at 22 °C for 2 hours. Methanol (ca 50 cm®) was added and the
mixture was stirred for 20 minutes. The upper clear solution was decanted

35 and the residue red thick oil was purified by flash column on silica (9:1
cyclohexane-chloroform as the eluent) to yield 5,5,11,11-tetrakis(5-



with GPC (1,2,4-trichl orobenzene, 140C) as: M, = 68,400 g/nol, Pd 351.70.
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9, 10-di octy1-2, 7- phenant hryl ene- bi s( 1, 3,2=di oxabor ol ane) (0.8135 g, 1.50
mmol ) were polynerised in a solvent m xture of toluene (15 cnB) and

1, 4-di oxane (15 cnB) containing HPLC water (15 cnB), potassium phosphate

DL Sk DB Ui g ) 0

tri-o- tonIphosp | ne
pol yneri sat i &rd! h'ﬁ&hSBPW yahew sefid da W’r%)eaUtNMdjl WOLOIMHiz 00PNz ene

(0.10 cnB) agd WB-UI?Q bpr)ovn:m (@cuel5(20H,l_41g ﬁggg@n\p@tl ?ﬁ 7:90% each at
ano

o 1 ea oy SR SO RSRAE, 2R He oSk %0 7 S@é?&%%‘,‘t”ﬁ)sam medth.et her

(40- 605) cydl.dheRatve(rand2 ), aB8 (t, d=8spHree6H).n chl or obenzene and
precipitated fromnethanol. The yield of polynmer P3 was 2.38 g (90% . The
nol ecul ar weights were determned with GPC (1, 2,4-trichl orobenzene, 140C)
as: M = 57, apowsl prepared solid (0. QSE)ga@p'i?eantm)Irymlord?dmh r(B@nﬁPpgyidto t he

systhesis of Jagtiy @ld (9 cri®WAE added NBS3945 g; 0.81 mmol) in one portion.

The mixture was stirred at 22 °C for 2 hours to yield a pale-brown

10 suspension. Methanol (100 cm?®) was added and the dark yellow solid was
suction filtered off and washed with methanol. The solid was dissolved in
hot cyclohexane and the solution was flash columned on silica eluted with
95:5 cyclohexane-chloroform to yield monomer § as bright yellow solid
(0.41g, 63%). '"H NMR (300MHz, CDCl;) 8= 7.65 (s, tH), 7.29 (s, 1H),

15 6.75 (d, J=3.5 Hz, 2H), 6.55 (d, J=3.5 Hz, 2H), 2.70 (t, J=7.7 Hz, 4H), 1.66
- 1.56 (m, 4H), 1.24 (m, 52H), 0.88 (t, J=6.7 Hz, 6H).

Example 17

20 Polymer P12

In analogy to the systhesis of polymer P3, monomer 5 (0.3525¢g, 0.20
mmol) and 9,10-dioctyl-2,7-phenanthrylene-bis(1 .3,2-dioxaborolane)
(0.1085 g, 0.20 mmol) were co-polymerised in a solvent mixture of toluene

25 (2.0 cm®) and 1,4-dioxane (2.0 cm®) containing water (2.0 cm?), potassium
phosphate monohydrate (0.207 g, 0.90 mmol), Pd,(dba)s (2.3 mg, 1.20
mol%) and tri-o-tolylphosphine (4.9 mg, 8.0 mol%). The polymer was end-
capped by reacting with 2-iodothiophene (0.10 cm?®) and thiopheneboronic
acid (0.14 g) sequentially for 30 minutes each at 120 °C.

30
The yellow polymer solution was precipitated from methanol was the solid
was purified by sequential Sohxlet extraction with acetone and petroleum
ether (40-60°C), and finally dissolved in chloroform and reprecipitated in
methanol to yield polymer P12 as an orange solid 0.38 g (95%). The

35 molecular weights M, = 69,900 g/mol, Pd = 3.78 were as determined GPC
(1,2,4-trichlorobenzene, 140°C).



250. 40mmol ) and 9, 10-di octyl- 2, 7- phenant hryl ene- bi s(1, 3, 2- di oxabor ol ane)
(0.2169 g, 0.40 nmol) were co-polynerised in a solvent m xture of toluene
(5 cnB) awmo20130ilexane (5 cnB) contai ning water (5 cnBPCTEPREAIDD260F
phosphat e nonohydrate (0.415 g, 1.8 mol§9-Pd2(dba)3 (4.5 ng, 1.20 nol %
and tri-o-tolyl phosphine (9.7 ng, 8.0 nol % . The pol ymer was end- 30capped
by reacting with bronobenzene (0.05 cnB) and phenyl boronic acid (0.10 Q)
sequencially for 1 hour each at 110 C. The deep yell ow polynmer solid

preci pitated from net hanol was purified by sequencial Sohxlet extraction
wi th acet one Exaehplel Bim et her (40-60C) and finally dissolved in chloroform
then precipated from nethanol. The yield of polynmer P4 was 350.76 g (96% .
The ol ecul ar wei ghts were determned with GPC (1 2,4- trichl orobenzene,
140C) as: NMnh X8-Biboamodf.ariil, 1 bieteakis(d K lmméﬁm A231.3102625 -
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the mixture was stirred at 22 °C for 17 hours to yeid a dark-yellow solution.

lce-water (250 cm®) was added and the mixture was vigrously stirred for
10 minutes. The reaction mixture was extracted with diethyl ether (4x70

15 cm3). The combined ether solution was washed with brine once, dried over
MgSO, then evaporated to dryness to yield a yellow oil. The oil was
triturated with methanol (100 cm®) and the precipitate was collected by
suction filtration. The solid was dissolved in dry DCM (100 cm?) followed
by the addition of BF; etherate (3.1 cm®; 25.2 mmol). The solution was

20 stirred at 22 °C for 1 hour. Methanol (ca. 10 cm®) was added and the
mixture was concentrated to dryness. The residual red thick oil was
purified by flash column on silica eluted with 8:2 petroleum ether-diethy!
ether to yield 5,5,11,1 1—tetrakis(4-octyloxyphenyl)—dithieno[2,3-d:2’,3’-d’]—s-
indaceno(1,2-b:5,6-b’]dithiophene as a white solid (1.20 g, 12.5%).

25

The above prepared solid (1.20 g, 0.998 mmol) was dissolved in
chiloroform (50 cm3) and acetic acid (12.5 cm3), and NBS (0.395 g; 2.20
mmol) as added in one portion. The mixture was stirred at 22 °C for 16
hours. The solvents were removed by vacuum evaporation. The residue

30 was trituated with methanol (100 cm®). The precipitaed was collected by
suction filtration and dried on the filter then subjected to a flash columned
purification on silica eluted with 9:1 cyclohexane-dichloromethane to yield
monomer 6 as a pale-brown solid (0.80 g, 59%). 'H NMR (300M, CDCls) &
=7.43 (s, 1H), 7.27 (s, 1H), 7.17 - 7.10 (m, 4H), 6.83 - 6.76 (m, 4H), 3.89

35 (t, J=6.5 Hz, 4H), 1.72 (m, 4H), 1.41 (m, 4H), 1.35 - 1.20 (m, 16H), 0.87
(m, 6H).



The viscous solution was diluted with 5 ml of toluene while it was hot then
cooled to rt and precipitated into stirred nmethanol (200 nml). The rosy-red
pl asti c swbi2diwEesigol | ect ed by suction fé trati on and washag2etoéaet hanol
20and acetone. The polyner solid was purfY¥ied by sequencial Sohxl et
extraction wth acetone, petroleumether (40-60C) and finally dissolved in
chl oroform and precipitated fromnethanol. The yield of polynmer P5 was
0.375 g (86% . The nol ecul ar wei ghts were M, = 134,100 g/nol, Pd = 2.59 as
determ ned by GPC (1, 2,4-trichlorobenzene, 140C). 25 Exanple 9 Pol yner P6
301 n anal ogy Bx@nple 19/ nt hesi s of pol yner P5, nonomer 2 (0.7570 g, 0.50

nol ) was co-polynerised with 2,5-bis(trinethylstannyl)thieno[3, 2-

bi t hi ophene :0. 2329 q; 0.50 mmol) in dry toluene (9.0 cnB) and DVF (1.0
cnB) in the f Pd(PPh)3C 2 (11.5 ng; 0.02 nmol ). The reaction

m xtur& was degassed and stirred at 100 C for 15 m nutes, then end-
35capped with I tated from net hanol
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62, 800 g/ nol (3icra”)amh 1 Asdigxape (B feembycapitaininghivater §@.10zem®), pbEsiurh
Ex?gp; ; %OQPQJO ; hafdimbAbRydrité PO806Q, (01 338 MMBH PaQlbBR B g & 2Pnomer
' ' mol%) and tri-o-tolylphosphine (7.2 mg, 8.0 mol%). The crude yellow
polymer solid precipitated from methanol was purified by sequencial
Sohxlet extraction with methanol, acetone, petroleum ether (40-60°C),
petroleum ether (80-100°C), cyclohexane and finally dissolved off with
16 chloroform to yield polymer P13 as a yellow solid 0.30 g (64%). The
molecular weights were determined with GPC (1,2,4-trichlorobenzene,

140°C) as: M, =70,800 g/mol, and Pd = 2.83.

Example 20
20

Polymer P14

In analogy to the synthesis of polymer P2, monomer 2 (757.0 mg; 0.50
mmol) and 4,7-bis-(4,4,5,5-tetramethyl-[1 .3,2]dioxaborolan-2-yl)-

25 benzo[1,2,5]thiadiazole (194.0 mg; 0.50 mmol) were co-polymersied
toluene (15 cm®) in the presence of Pd;(dba)s (5.7 mg, 1.24 mol%), tri-o-
tolyl phosphine (12.2 mg, 8.00 mol%), Aliquat 336 (0.010 g), and sodium
carbonate (2 M in water) (1.0 cm?®; 2.00 mmol). The crude polymer was
purified by Soxhlet extraction with acetone and cyclohexane then

30 dissolved in chloroform and reprecipitated from methanol, to afford
polymer P14 as a dark purple solid (0.67 g, 90%). %). The molecular
weights were Mq= 23,600 g/mol; Pd = 4.21 as determined by GPC (1,2,4-
trichlorobenzene, 140°C).

35 Example 21



mmol ) was co-polynmerised with 4,4'-bis(trinethylstannyl)-2,2'-bithiophene
(0.2459 g, 0.50 nmmmol ) in dry toluene (10.0 cnB) in the presence of

Pd( PPh) 3Gv0 20B101861ag; 0.02 mmol ). The reacti on m xture wra3/EFegassmads and
stirred at 100 C for 2 hours, then end-d&pped with 2-i odot hi ophene. 15The
crude polyner solid was precipitated from nmethanol then purified with
Soxhl et extraction with acetone, petroleumether (40-60C) and finally

di ssolved with chloroformand re-precipitated fromnmethanol to yield

pol ymer P7 a£lVmeRPASHr ous solid. The yield was 0.67 g (88% and the

nol ecul ar wei ghts were M = 35, 600 g/nDI Pd = 2.08 as determ ned by 20G°C
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and driygd. T 8 was -
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as det er mi nethethampICtg affbed pblgrrmrﬂals ad@)red solid (0.66 g, 80%). The

molecular weights were M= 13,200 g/mol; Pd =2.08 as determined by

GPC (1,2,4-trichlorobenzene, 140°C).

15 Example 22

3,9-Dibromo-5,5,11,11 -tetrakis(4-dodecyloxyghenvl)—dithieno[Z,3-d:2’.3’—
d’}-s-indaceno[1,2-b:5,6-b’]dithiophene (Monomer 7)

20 In analogy to the synthesis of monomer 6, the solution of 1-bromo-4-
dodecyloxybenzene (16.38 g; 48 mmol) in dry THF (100 cm’) at -78 °C
was treated with n-BuLi 2.5M (19.2 cm?; 48.0 mmol) then reacted with
diethyl 2,5-di(thieno[3,2-b]thiophen-2-yl)terephthalate (4.99 g, 10.0 mmol),
to afford the diol. The crude diol intermediate was dissolved in dry DCM

25 (100 cm?) followed by the addition of BFs etherate (3.1 cm?; 25.2 mmol) to
closed the ring to afford 5,5,11,11- -tetrakis(4-dodecyloxyphenyl)-
dithieno[2,3-d:2",3"-d’]-s-indaceno[1,2-b:5,6-b’Jdithiophene as a yellow
solid (2.50 g, 17.6%] after column chromatography purification. '"H NMR
(300MHz, CD2Cl2) 5= 7.48 (s, 1H), 7.30 (s, 2H), 7.16 (d, J=8.8, 4H), 6.78

30 (d, J=8.8, 4H), 3.88 (t, J=6.5 Hz, 4H), 1.76 - 1.65 (m, 4H), 1.40 (br. s., 4H),
1.24 (s, 32H), 0.86 (t, J=6.9 Hz, 6H).

The above prepared solid (1.50 g, 1.06 mmol) was brominated with NBS
(0.418 g; 2.32 mmol) in THF (50 cm®). The crude dibromide was flash

35 column chromatographed on silica eluted with 4:1 petroleum ether (40-
60°C)-dichloromethane to yield monomer 7 as a pale-brown solid (1.50 g,



Example 12 5 3

9-Bis(trimethylstannyl)-5,5,11, 11-tetraki s(4-dodecyl phenyl)-dithienof2 3-

d: 2', 3' - cwb-28t3maagenof 1, 2-b: 5, 6-bil dithi ophene (MononmeCTAP201Z0016bE
solution of nonomer 2 (2.50 g, 1.65 mml82+n dry THE (50 cnB) 10(di ssol ved
by heating with a warm water-bath then cooled dowmn slowy to - 50C with
acetone and dry-ice) was added n-BuLi (1.90 cn8, 4.75 mmol) over 10
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stirred at 22 C for 16 hours. The dark orange solution was vacuum

evaporated ta dryne to yield a pal e-brown gum The crude product was
di ssol ved ingﬁg@ﬁ@e—zm et her (40-60C), suction filtered 20t hrough a fi ber

glass filter. The filtrate was evaporated to dryness under nexi mum vacuum

toyield a py @zr’REPWgS“ cky solid (2.79 g). The crude titled conpound

(mononer 4) rectly for subsequent polynerisations w thout
further purification. 25Exanple 13 Polymer P9 The above prepared

S)oge(?;/IS(t AN Bhbﬁig%rtﬁﬁala s?nﬁwés}s éﬂp '?Héill n ééhonﬂer 71809 %Bsoqulof%?%phene

th

( rmnoné?’hi)n {GZQ@QB I egdhquoﬁ%ﬁﬁ Phﬁnélh@fylgnwmim@ﬁghoxabmolane) ),
Pflﬁ(3 )Pphs) 2d ﬁ(«) a650ng;0. 3955nnﬂibl)i@?reg&dlpb§|ﬂé¢i§§d(u5a(% rﬁ&ﬁn tDIVF ( t1 0 .
c were chare ube asse en stirre
at 110 C for?ée %ﬁgr(?b[%ms% %ﬁ(‘gq P@&ao?é @u@“ﬁ&%"?@'awg wa rpﬂ%l@‘ﬁ@r) was
end- capped wpptaSatwnuﬁmsp@n& arhoblydrate (01308, Y. 1.328fraion) I . .

t at t
B0 2013 010005 OF TRGrebsRsititktiphodtile (n2fmb s 8?38#& Sévéiheﬁcwet h
met handP and "eReiasnooknt Aoyt torfinigh and IﬁhQStiT%(p@YWIQXMIahUedvan dilutadet one and
pet ol eum et et ¢H6rdiRGzenBASbIoNF) iferl pRRASIERS Wbkl 9h &gl

chl orof orm so was conce r% ?gal  er
[ e- preci pi tangEé p,q[]y %Wﬂﬁr%‘l” ed Dy sequencua ohxlet extraction with methanol,

acetone, petroleum ether (40-60°C), petroleum ether (80-100°C),
cyclohexane and finally dissolved off with chloroform and reprecipitated

20 from methanol to yield polymer P16 as a yellow solid 0.35 g (65%). The
molecular weights were M, =24,300 g/mol, and Pd = 3.89 as determined
by GPC (chlorobenzene, 50°C).

Example 24
25

Transistor fabrication and measurements: a general proceedure

Top-gate thin-film organic field-effect transistors (OFETs) were fabricated
on XG glass substrates with thermaily evaporated Au source-drain

30 electrodes. The glass substrate was treated with Decon 90 for 30 minutes,
rinsed with de-ionised water four times, supersonicated in de-ionised
water and methanol sequentially for 1 minute each and finally spin-dried in
air. The Au electrodes were deposited under 5 x10° mBar vacuum at a
rate of 0.1-0.2 nm/s. A polymer solution in o-dichlorobenenzene at the

35 concentrationof 7 mg/cm?® was spin-coated ontop followed by a spin-
coated fluoropolymer dielectric material (D139). Finally the Au gate



S5yield polymer P9 as a red solid (0.677 g, 92% . The nol ecul ar wei ghts were
WMh = 30,700 g/nol, Pd = 2.24 as determ ned by GPC (chl orobenzene, 500C).
Exanpl e WO 20B/®odiynmer P10 I n anal ogy to the synthesis eCTErPRy2©02629, t he
above prepared 3, 9- -83-

bi s(trimethyl stannyl)-5,5,11, 11-tetraki s(4-dodecyl pheny1l)-dithieno[ 2, 3-

15d: 2', 3' -dl -s-i ndaceno[ 1, 2-b: 5, 6-bi | di t hi ophene (nononer 4)(0.4730 g, 0.28
mol ), 3, 6-bi s(5-brono-thiophen-2-y1)- N, Af -bis(2-ethyl-1-hexyl)-1 ,4-

di oxopyr r ol oftedrasenyas deposied 990thgmal. & pomtign. FtheRAB3)i26L2 (6.5 ng: 0. 01

mol ;3. 45 m&ha@act@rﬁ{aﬂd?{j&ﬁﬁ‘\%  trdmsiSof BBYicas @%rgar% &%%a@pﬁr}twere

char eged in a Sch m xture was ass & 20at 110
Cfor 2 hour§'f'859|%’led1%“92?r‘kof§%@fWéf@ﬁ@@AQdentMﬁﬁCSlemlpmhq'mmr was

end- capped Wﬁdﬂarbﬂétémﬁéwgéﬁ @ﬁdr@@éﬁﬁ'erh{dﬂ?lﬂfe)élfbf BolfyﬂHrQ‘ﬁdP% |ﬁthe

preC|ptat|on e resultant - bl was
col I ected by S8 t}g?f?) r?g'm? Q{SF‘iW%ﬁ&WEG Wtﬁerﬁé‘PMﬁh'GITaiﬂﬂ 1aEéﬂ|dﬂe The
sol i d was Sokffeet mebilitizstveerenédloulatst iprthe aturatibh PeGiHE @LNe(v{¥]))600) 25and

finally diss }@d? noformre-precipitated into ne hanol to'yield
pol ymer P10 g’% é%’\}nmg en solid (0.459 g, 87% . The nol ecul ar wei ghts

were Mh = 22,500 nol , = 2.00 as determ ned by GPC (chl or obenzene,
g} Pq}m*mar P11 In anal ogy to the synthesis of

500) . 30Exa g
pol yner, P Tg'y@)ﬁ@’g, $B0. 261mol ) and
9, 10-di godec 1-"2¢ Zvphenant hryl ene- bi 5(3 )3 2- di oxaborol ane) (0.2000 g,
0.261 mol) were co-polynerised in tol uehe
where W is the channel width, L the channel length, C; the capacitance of
insulating layer, Vg the gate voltage, V, the turn-on voltage, and pey is the

charge carrier mobility in the saturation regime . Turn-on voltage (V) was

15 )
determined as the onset of source-drain current.

Example 25

Bulk heterojunction organic photovoltaic devices (OPVs) for Polymer P14

20

OPYV devices are fabricated on ITO-glass substrates (13Q/0), purchased
from Zencatec. Substrates are subjected to a conventional
photolithography process to define the bottom electrodes (anodes) before
cleaning using common solvents (acetone, IPA, DI water) in an ultrasonic
bath. A conducting polymer poly(ethylene dioxythiophene) doped with
poly(styrene sulfonic acid) [Clevios VPAI 4083 (H.C. Starck)] is mixed in a
1:1 ratio with Dl-water. This solution is sonicated for 20 minutes to ensure
proper mixing and filtered using a 0.2 pm filter before spin coating to a
thickness of 20 nm. Substrates are exposed to a UV-ozone treatment
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.

25

30

Photoactive material solutions are prepared at the concentration of 30 mg/
cm® and at components ratio of 1:3 (polymer P14:PCg;BM), and stirred
overnight. Thin films are blade coated in an inert atmosphere to achieve
thicknesses around 200 nm, measured using a profilemeter. A short drying

35



WO 2013/ 010614- 77 -PCT/ EP2012/ 002625 (2.6 cnB) in the presence of

Pd2(dba)3 (7.2 ng, 3.0 nol%, Aliquat 336 (ca 10 ng) and 2. 0M sodi um

car bonat ewQ2003/a084 2.0 Mol ). The reaction m xture wasPSTiRPR@d/00262420 C

for 2 hours, then end-capped by reacti n@4ronobenzene (0.03 cnB) and

phenyl boroni c acid (0.07 g) sequencially for 540 m nutes each at 120 C. The

deep yell ow polyner solid precipitated from nethanol was purified by

sequenci al Sohxlet extraction with acetone, petrol eum ether (40-600),

cycl ohexane @edoflifoliowes & §9§URﬁe@nhwaiI®Ifexoésxmlaeldt Tgpically blaagéed from

met hanol . Th ® r,weights
Sodical finf aROUIER Gt 1O 1CYRE 20nikings 6AGHA he&@(e T e B

were Mn = 76, 500 9 . m ne g ene,
50C). Exanpl steggof'the devnce fabncatlon Calcium (30nm)/Al (200nm) cathodes are

3,9-D brom- Shdmidiyldydriramd tht S a@ﬁaawrhbgat@dgﬁ% b Shmpledl: 2 -3 -
i Ut i
2- hexagecyl t % %%sé"?gf aé?fjvg:lui@g(ﬁ)gﬂﬁ%% fl\‘/r? ngom#waenéﬁ@)(rr@del 5C was

added n- BuLi 9(1360) est lighs soOrceTwa)ibmted td 0 sunnusing a Jihefdrexésiegvwas stirred
at -5 Cfor 1 hour to yield a clear 20col ourless solution. The solid of

di ethyl 2,5-di (thieno[3,2-b]thiophen-2- yl)terephthalate (3) (1.297 g, 2.60
mol ) was addé€ average Q@drqei Qﬁf‘f%rmiiftclﬁbedaﬁa)fomblendaobponaLBMPQSQBM was
stirred at i

g s 5 o) AR USRS B I SRR 1 o

m Xt ur g vas red at, for 20 hours ale-re

The SOﬁIS)tI on%\niaé MAER s f @6605%5 7% Royyergerwesion effiiencyn®GE) =

| ce-water (5Q2.41%.was added and the m xture was vigrously stirred for 10

m nutes followed by the addition of methanol (50 cnB). The yell ow
precipitated was collected by suction filtration and washed w th net hanol
then air-dried on the filter to yield a sandy yellow solid. 30 To the
solution of the above prepared solid in dry DCM (50 cnB) was added BF3
etherate (1.0 cnB; 8.10 mml ). The purple red solution was stirred at 22 C
for ﬂgb Met hanol (ca 50 cnB) was added and the m xture was stirred for
20 nlnutes. The upper clear solution was decanted 35and the residue red
thick oil was purified by flash colum on silica (9:1

cycl ohexane-chloroformas the eluent) to yield 5,5, 11, 11-tetraki s(5-

20

25

30

35



WD 2013/ 010614- 78 - PCT/ EP2012/ 002625
hexadecyl-2-thienyl)-dithieno[2,3-d:2",3 -dl-s-indaceno[ 1, 2-b: 5, 6-

bl di t hi opNere13aso@4yel | ow solid (0.598 g, 14% . 1H NVR @800vkin2/0CHei3) 8 =
7.68 (s, 1H), 7.34 (d, J=5.2 Hz, 1H), 7#.8%-(d, J=5.2 Hz, 1H), 6.79 (d,
J=3.6 Hz, 2H), 6.55 (d, J=3.5 Hz, 2H), 2.70 (t, J=7.7 Hz, 4H), 1.61 (m
4H), 51.34- 1.17 (m 52H), 0.88 (t, J=6.7 Hz, 6H). The .above prepared solid
(0.590 g, 0.37 mol) in chloroform (30 cnB) and acetic acid (10 cnB) was
added NBS (0.145 g; 0.81 mmol) in oHatesdrGlaims The nixture was stirred at
22 Cfor 2 hours to yield a pal e-brown 10suspensi on. Mt hanol (100 cnB) was

added and t hg_ daid; & O¥¢ ﬁ&&,mrgglﬁ.ﬁﬁﬁﬁd @igg eiolthﬁ[tg(af P‘Ir{h“ﬁ%g washed w th

met hanol . The sol i d was dissol ve exane a sol ution was

flash columed on silica eluted with 95:5 cycl ohexane-chloroformto yield

nononeg 5 as bright yel | ov¥/§ol id (0. 63%! 1H NMR (300MHz, CDCI3) 5 =
s, 1 -

7.65 (S, 1H), 7.29 156 , 2H), 6.55 (d, J=3.5 Hz,
K - 0 ,

2H), 2.70 (t, J=7.7 ), 1.24 (m 53H), 0.88 (t,
_,ll "
(0. 3%55g, 0.20 mol)

J=6.7 Hz, 6H). In anal ogy to the systhesis
of polymer P3, nononervb dhd

9, 10-di octyl- 2, 7- phenant hryl ene- bi s(1, 3, 2- di oxaborol ane) (0.1085 g, 0.20
nol ) were co-polynerised in a solvent m xture of toluene 25(2.0 cnB) and
1,4-digpane (2. OwhveBgincont ai ning water (2.0 cnB), potassi um phosphate
nonohydrate (0.207 g, 0.90 mml), Pd2(dba)3 (2.3 ng, 1.20 nol% and
tri-o-tolylphosphhne (429 ng, 8.0 nol% . The pol yner was end-capped by
reacting with 2- ModsdhVophere independensy ofiedch birapl@repse @nite aci d (0. 14 g)
sequentially for 30 m nutes each at 120 C. 30 The yel |l ow pol ynmer sol ution

was precipitated frompethanol was the solid was purifi ed by sequenti al
Sohx| et extracti & aR%A acef@HElepeadgatly of each othesiCRIR% €xR'RMd final |y

di ssol gsd in chlorof orm angiRt¥R* ecGBRIREEd in nethanol to yield polymer P12
as an ange solid 0.38 g (95% . The 35npl ecul ar weights M, = 69, 900

g/nmol, Pd = 3.78 were as get erm ned GPC
R, R" and R®independently of each other, and on each occurrence

identically or differently, denote H, F, CI, Br, CN,
straight-chain, branched or cyclic alkyl, with 1 to 30 C

20 atoms, in which one or more non-adjacent C atoms are
optionally replaced by -O-, -S-, -C(O)-, -C(0)-0-, -0O-
C(0)-, -O-C(0)-0-, -C(S)-, -C(S)-0-, -O-C(S)-, -O-C(S)-
0O-, -C(0)-S-, -8-C(0)-, -O-C(0)-S-, -S-C(0)-0O-, -S-
C(O)-S-, -8-C(S)-S-, -0-C(S)-S-, -S-C(S)-0-, -C(S)-S-, -

25 S-C(S)-, -NR%-, -SiR°R%- _CY'=CY2 or -C=C- in such
a manner that O and/or S atoms are not linked directly
to one another, and in which one or more H atoms are
optionally replaced by F, Cl, Br, | or CN, or R' and R?,
independently of each other, and on each occurrence

30 identically or differently, denote aryl, heteroaryl!, aryloxy
or heteroaryloxy with 4 to 20 ring atoms which is
optionally substituted, or R' and R? together form an
alicyclic group with 1 to 20 C atoms, which is optionally
fluorinated or alkylated,

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



(1,2,4-trichl orobenzene, 140C). WO 2013/010614PCT/ EP2012/002625 - 79 -
Exanpl e 18 3,9-Di brono-5,5, 11, 11-tetrakis(4-octvl oxyphenvp-dith
5i ndacenoy0,28t3m18616- bl di t hi ophene (Mononer 6) To the s®CUtEPRIN2002625

1- br ono- 4- oct yl oxybenzene (11.529 g; 38.86fmol) in dry THE (100 cnB) at
-78C was added n-BuLi 2.5M (15.4 cnB; 38.4 mmol) over 30 m nutes. The

m xture was stirred at -78 C for 2 hours. The 10solid of diethyl

215-di (t hi eno[ 3, 2- b] t hi ophen-2-ypterephthalate (3.989 g, 8.00 nmol) was
added in one portion. The cooling bath was renoved and the m xture was

stirred at 22 C R¥radd RI®urgretindysd I Jo | ce-wat er (250
cnB) was added and The n1xtu?eiﬁm%;@eg‘rt%?éaazgétﬁ%\{eﬁ%{g;.ﬂt@gaw ce-vater (

reaction mixture was extract4os 4@ f hedrocarbyl.70 15cn8). The
conbi ned et her solution was washed with brine once, dried over MgSO4 t hen

evaporated tg dr L el lqw QRil. . The oil triturated with
net hangl (10%' cngb?@ﬁgr ?ﬁéb@r'&?opl&ghg'ﬁﬁgr f1128¢ 'Bc}h%ﬁ?gﬁ%r'éﬁsquet ration.
The solid was di ©sonerednits atfprmala 1100 cnB) fol | owed by the addition of
BF3 etherate (3.1 cnB; 25.2 mmol ). The solution was 20stirred at 22 C for 1
hour. Met hanol (c 10, cnB) s added and the m xture was concentrated to
dryness. The resi‘@ﬁgl)a‘ﬂib‘(ﬁﬁ\)g‘l(/\%i)d]‘ was purified by flash dlblum on silica
eluted with 8:2 petrol eum ether-diethyl ether to yield

5,5 114pl-tet rakiv‘%1 4éoctyl oxyphenyl)-dithieno[2,3-d:2",3 -d"]-s-

i ndaceno[ 1, 2- b: 5,6~ ﬁndi t hi ophene as a white solid (1.20 g, 12.5% . 25 The
above prepared solid (1.20 g, 0.998 mmvpl) was di ssolved in chloroform (50

cnB) and acetic id (12.5; : Q. . 2.20 | ) as added in
one portion. The@jr:ﬁ xture wé%gghltr&e}g"ﬁﬁ%f%(&%e%l’g %m g:.m)The sol vent s
were renoved by vacuum evaporation. The residue 30 was trituated with

met hanol (100 crY!, APREAPT ek Por 88eh WasuF b Alhtlyi Lhgation and
dried qéthe filter then subj 'gd():te to ufﬁﬁﬁ%@ﬂﬁﬁeﬁuﬁﬁh |tié/a?b8n on
silica'®uted with 9:1 cycl“b‘#eﬂ?élﬁg- dy oheach ptheraae! op hptespanyithatrier 6 as a
pal e-brown solid (0.80 g, GegrenifroM\B (r3EsHbIYHES §to 80TinG 4ntSandH) . 7- 27
(s, 1H), 7.17 - 7.10 (m 4§ op@o#a‘?lly-su%'sﬁgxtééppré@rébl‘o)’/'bsygone or more

groups RS, :

20 RS is on each occurrence identically or differently F, Br, CI,
-CN, -NC, -NCO, -NCS, -OCN, -SCN, -C(O)NR°R® -
C(O)X°, -C(O)R?, -NH,, -NR°R®, -SH, -SR®, -SO4H, -
SO2R®, -OH, -NO,, -CF3, -SFs, optionally substituted
silyl, carbyl or hydrocarbyl with 1 to 40 C atoms that is

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

R%and R® are independently of each other H or optionally
substituted C.40 carby! or hydrocarbyl,

30
P is a polymerisable or crosslinkable group,

Sp is a spacer group or a single bond,

35 x° is halogen, preferably F, Cl or Br,



35(t, J=6.5 Hz, 4H), 1.72 (m 4H), 1.41 (m 4H), 1.35- 1.20 (m 16H), 0.87
(m 6H). WD 2013/010614- 80 -PCT/EP2012/ 002625 Exanple 19 Polynmer P13 5
I n anal ogyot2e13tthiesisynt hesi s of pol yner P3, nononer 6 (O0P8IFPQ01200%25 ol )
and 9, 10-di octyl-2, 7- phenant hryl ene- bi s 3, 2- di oxabor ol ane) (0.160 g,
0.295 mmol) were polynerised in a solvent m xture of toluene (3.0 cnB) and
1, 4-di oxane (3.0 cnB) containing water (3.0 cnB), potassium 10phosphate
monohydrate (0.306 g, 0.1.328 mml), Pd2(dba)3 (3.3 ng, 1.20 nol % and
tri-o-tolyl phospR ReC(7.2 RjC o eabPoguUrrense identieallyar difiensotly ferl ara2,i d
precipitated from net hanol was purified by sequencial Sohxlet extraction
wi th met hanol, acetone, petrol eum et her (r\z;oagog) ,qupet rol eum et her
(80-1000), cycl offlexane and 'Y PRAIY WLEGENCEJOAHCARlY O diftsrantly 8@ t o yi el d
pol ymer P13 as a yel |l ow solintéger 86nmg1t64% . The nol ecul ar wei ghts were
deternmgned with GPC (1, 2,4-trichlorobenzene, 140C) as: M =70, 800 g/ nol,
and Pd = 2.83. Exanple 20 20 Pol yner P14 In analogy to the synthesis of
pol ymer P2, nonoidiergintpepaymegr compoisessit Jeashone repeating unit of formula

4, 7-bis-(4, 4,5, 5itwhei®bhy bt least12Jdi oxabor ol an-2-yl ) -
25benzo[ 1, 2, 5] t hi adi azol e (194.0 ng; 0.50 mmol) were co-pol ynersied
3. Polymer according to claim 1 or 2, characterized in that it additionally
10 comprises one or more repeating units selected of formula 11

LA a-(A")p-(AP)~(AF)g)- N

wherein Ar', Ar?, Ar®, a, b, c and d are as defined in claim 3, and A" is
15 an aryl or heteroaryl group that is different from U and Ar'3, has 5 to
30 ring atoms, is optionally substituted by one or more groups RS as
defined in claim 3, and is selected from aryl or heteroaryl groups
having electron donor properties, wherein the polymer comprises at
least one repeating unit of formula |ll wherein b is at least 1.
20
4. Polymer according to one or more of claims 1 to 3, characterized in
that it is selected of formula IV:

- (A B v

wherein
A is a unit of formula | as defined in claim 1,

30

B is a unit that is different from A and comprises one or more aryl
or heteroaryl groups that are optionally substituted, and is
preferably selected of formula lll as defined in claim 3,

35 x is>0and<1,



toluene (15 cnB) in the presence of Pd2(dba)3 (5.7 ng, 1.24 nol %,
tri-otolyl phosphine (12.2 ng, 8.00 nol %, Aliquat 336 (0.010 g), and sodium
car bonat ewp20M/d1meiwat er) (1.0 cnB; 2.00 mmol ). The crud@eCpaPgR002625
purified by Soxhlet extraction with acet&he and cycl ohexane then

30di ssolved in chloroformand reprecipitated from nethanol, to afford

pol ynmer P14 as a dark purple solid (0.67 g, 90%9. % . The nol ecul ar wei ghts
were Mh= 23,600 g/nmol; Pd = 4.21 as determ ned by GPC (1, 2, 4-

trichl or obenzeneY 140W%5F.0 angh<ob13/010614PCT/ EP2012/ 002625 - 81 - Pol yner
P15 In analogy to the synthesis of Polynmer P2, nononer 1 (644.8 ng, 0.50
nmol ) and 7,8-didode%¥i-2 é-bis(4,4,5,5-tetranethy111 , 3, 2] cl i oxabor ol an- 2-
5yl ) benzo[ 1. 2- b: & BYI% di @8 ophene (389.4 ny, 0.50 mml) were co-

pol ynmeri zed in toluene (12 cnB) in the presence of Pd2(dba)3 (13.7 ng, 3.0
mol 99, gtri-o-tolyl pk el .5 nmg, 24 nmol %, Aliquat 336 (0.010 g), and
sodiun?carbonate%(z %f?ﬁmﬁgggg%q(z.o cnB; 4.00 mmol ). The crude pol yner was
purified by Soxhlet extraction with acetone and petrol eum 10et her (40-600C)

then di ssol ved i popfther Qéégrm@g% 6,@35%0% %)ﬁé%ﬂng%q%fecﬁ\%?@h%éwf ford

pol ymer P15 as a red solid (0. ecul ar e M=
13,200 g/ nol ; Pdthatibig %@éﬁé@m%&f%@mqrmtmm-t ri chl or obenzene, 140C).
15Exanpl e 22

3, 9-Di brono-5, 5, 1 15t ets.ak) ss(4- dodecyl oxyphenyl) - di t hi enoF2, 3-d: 2", 3" -

drl -s-?{r?daceno[1,'1('%:%!’%‘!{)!"@5 Bphene (Monomer 7) 20In ahé®ogy to the
synt hesi s of nononer 6, the solution of 1-brono-4- dodecyl oxybenzene (16. 38
g; 48 mml) in dk HE) W80, £3BA 38t « 78 C was treated with n-BuLi 2.5M
(19.2 cnB; 48.0 #%A})E{ﬁﬁxﬁégg’%re }"with di et hyl Vb

2,5-di (thieno[ 3, 2-b]t hi ophen-2-yl)terephthalate (4.99 g, 10.0 nmol), to
afford the diol. *_T(lmt@j_;qd%;x-@&ﬁl,q,i3m,émpdi ate was di ssol vedl\i/@ dry DCM

15
*[(Ar)a-(U)o-(Ar)c-(Ar¥)g]n-* IVd
*-([(Ar)a(U)o~-(AP)c-(Ar) gl (AT )a-(A)o-(A) o (AP) gl )n-* Ve
20 wherein U, Ar', A%, AP, a, b, c and d have in each occurrence

identically or differently one of the meanings given in claim 4, A' has
on each occurrence identically or differently one of the meanings
given in claim 3, and x, y and n are as defined in claim 4, wherein
these polymers can be alternating or random copolymers, and

25 wherein in formula IVd and IVe in at least one of the repeating units
[(Ar')a-(U)b-(ArZ)'c-(Ar3)d] and in at least one of the repeating units
[(Ar)a-(A")o~(Ar)-(Ar)g] b is at least 1.

6.  Polymer according to one or more of claims 1 to 5, characterized in
30 that it is selected from the group consisting of the following formulae

V1

35



25(100 cnB) followed by the addition of BF3 etherate (3.1 cnB; 25.2 mmol)
to closed the ring to afford 5,5,11, 11-tetraki s(4-dodecyl oxyphenyl) -

di t hi eno[\®P20/@0413" - - s- i ndaceno| 1, 2- b: 5, 6- bl di t hi ophereTaP2@2padckdW sol i d
(2.50 g, 17.6% after colum chromat ogrd®hy purification. 1H NVR (300VHz,
CD2C12) 8 = 7.48 (s, 1H), 7.30 (s, 2H), 7.16 (d, J=8.8, 4H), 6.78 30(d,
J=8.8, 4H), 3.88 (t, J=6.5 Hz, 4H), 1.76- 1.65 (m 4H), 1.40 (br. s., 4H),
1.24 (s, 32H), 0.86 (t, J=6.9 Hz, $H). The above prepared solid (1.50 g,
1.06 nmol ) was brom nated wmth NB R4189; 32 mol) in THF (50 cnB). The
crude di brom de was [f }a Lm hronatogerhed on silica eluted with
4:1 petrol eum et her (4 / 'W =5 e—{ 0,yield nonongyr,,7 as a

pal e-brown solid (1.50 g, OROLS~F10 2912/ 002625 - - 90% . 1H
NVR (300MHz, CD2C2) 8 = 7.4 77731 , , 7.12 (d, J=8.8 Hz,

4H), 6678 (d, J=8.8 Hz, X)) Rr3.88 (t, J=6.5RHz,R4H), 1.77- 1.66 (m 4H),
1.40 (br. s., 4H, 1.25 (s, 32H), 0.86 (t, J=6.6 Hz, 6H). S5Exanple 23

Pol ymer P16 I n analogy to the synthesis of polynmer P13, nononer 7
(0.0.4655g, 0.295 10mmol)

=)

nmol ) were co- pol yrg
1, 4-di oxane (3.0 cnB) font 8 ¢ gGT©nB), potassium phosphate
nnnohyqbate (0.306 g, 0. R7328 , SPO db3)3 (3.3 ng, 1.20 nol% and

tri-o-tolyl phosphine (7.2 ng,"8.0 nol % . The 15reaction took 3 hours to

finish and the the polyner m xture was dil uted

V4
15
20 V5
25

IV6
30

v7
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wi th chl orobenzene (50 cnB) then precipitated from nethanol. The brown
solid polynmer was purified by sequencial Sohxlet extraction w th nethanol,
acet one, woetn/amnet her (40-60C), petrol eum et her (80-PODEP201CHEIOhexane
and finally dissolved off with chlorof o@®and reprecipitated 20 from

met hanol to yield polyner P16 as a yellow solid 0.35 g (65% . The nol ecul ar
wei ghts were Mh =24,300 g/nol, and Pd = 3.89 as determ ned by GPC

(chl orobenzene, 50C). Exanple 24 25 Transistor fabrication and
measurenents: a general YoPB-gate thin-filmorganic field-effect
transistors (OFETs Z WSS substrates with thermally
evapor ated Au sour ce- dg SThe)glass substrate was treated
with Decon 90 for 30 m nutey de i fni sed water f&Y® tines,
supersonicated in de-ionké T .-ﬁ gntially for 1 mnute
each agd finally spin-dried Rn air. The Au el ect nlogésinwer e deposited under
5 x10-6 nBar vacuumat a rate of 0.1-0.2 nm's. A polLyner solution in

o- di chl orobenenzene at the 35concentrationof 7 ng/chB was spin-coated ontop
foll owed by a spin- coated fluoropolyner dielectric material (D139).
Finally the Au gate WO 2013/0108%14PCT/ EP2012/ 002625 - 83 - el ectrode was
deposited by thermal ¢ ) i f characterization of the
transi stor devi ces™\e . atnospherelV8i ng a
conput gp control I ed Agrlenb uetgf JPar amet er Anal yser. Charge
carrier nobilities for pBlymn he Rsaturation regime (p.sat)
were cal cul ated and are shown in Table 1. Field- effect nobilities were
calculated in the saturation regiq; (vd > (Vg-Vo)) using equation (1):

»

15 V10
20 Vi1
25

V12
30
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(di dsot 10dvgjv = WC, ,,,",(vg _vO) L P (1) where Wis the channel

width, L the channel length, C the capacitance of insulating |ayer, Vg the
gat e vol twigeoiNaodithe turn-on vol tage, and psat is the clrargP2@anioes
mobility in the saturation regime . TurBbn voltage (Vo) was 15 determ ned
as the onset of source-drain current. Exanple 25 20Bul k heteroiunction
organi ¢ photovoltaic devices (OPVs) for Polyner P14 OPV devices are
fabricated on I TO gl ass substratesg(130/0), purchased from Zencat ec.
Substrates are subjected t@ a conveptRonal phoRol i Rhography process to

(acetone, |PA, D

S
wherein R has on each occurrence identically or differently one of the
meanings of R' as given in claim 1.

10 7. Polymer according to one or more of claims 1 to 6, characterized in
that it is selected of formula V
R°-chain-R® \Y;

15 wherein “chain” is a polymer chain selected of formulae IV, IVa-IVe

and IV1-1V5 as defined in claim 6, 7 or 8, and R® and R® denote
independently of each other F, Br, Cl, H, -CH,Cl, -CHO, -CH=CH,,
-SIRR'R™, -SnR'R"R™, -BR'R", -B(OR")(OR"), -B(OH),, -ZnCl, -MgCl,
-MgBr or P-Sp-, wherein P and Sp are as defined in claim 4 R, R"

20 and R™ have independently of each other one of the meanings of R°
given claim 4, and two of R', R" and R" may also form a ring together
with the hetero atom to which they are attached.

8.  Polymer according to one or more of claims 1 to 7, wherein one or
25 more of Ar', Ar* and Ar® denote aryl or heteroaryl selected from the
group consisting of the following formulae

R R™ } R
N Ni N—N
30 *IS&* * /S»\* */(S \ * */QS»\*
(D1) (D2) (D3) (D4)

R R
R11 R12 R11 R12 R11
[\
35 / \ [\ W T .
* o * * Se * * 12



bat h. A conducting pol yner pol y(ethyl ene di oxythi ophene) doped with

pol y(styrene sulfonic acid) [Oevios VPAI 4083 (HC. Starck)] is mxed in a
1:1 rati ovei2ots/ewat er. This solution i s sonicated for PRO/EPRI12I06252% O
ensure proper mxing and filtered usin993'0.2 pmfilter before spin coating
to a thickness of 20 nm Substrates are exposed to a UV-ozone treatnent 30
prior to the spin-coating process to ensure good wetting properties. Filns
are then annealgs at 130 C @ﬁg 30 ninut§? in an inert atnosphere.

Phot oact i ve mat 8Pkl sol ut i are prefdftd at the(®8hcentration of 30 ny/
cnB and at conponents ratio of 1:3 (polymer P14: PC61 BM, and stirred 35
overnight. Thin filns are bl ade coated in an inert atnosphere to achieve

t hi cknesses arpund 200 nm neasurﬁd usipgia profilenmeter. Aj,short drying
WO 2013/ 010614PG]/ EP2012/ 002625 84 - perNod,followes to sure renoval of

excesss5sol vent. cally, bl de\coated fi are driegiat 70 C for 2
m nutes on tHe i * st'ep\of tMe *devi r€ation,
Cal ci um (30nm /A 00nn) cat s are the | y evapor d through a

shadow mask to deRine cells. S®ipl es Sard? neasured at 23 CRrising a Sol ar

Si mul ator from Newport Ltd (nodel 91160) as a light source, calibrated to 1
sun using a Si (@9erence cedi0) The ave(pge device ggyormance data for

bl ends of pol yner P14: PC61BM

10
R13
* R12 R14 R1m* R12Q;)®\*
15
(D13) (D14) (D15)
R11
"?13 R12 Se * R12 S»\*
(D16) (D17) (D18)
25 . 12 R R Se R™
s *——g%:ﬂi<>—ﬂ \\§;;Ef§£\
R S S s R Se
30 (D19) (D20) (D21)
R" R'? X" R'2 R\ R'
Q/I\& ST T )
35 Se” "Se R" x"* X" x"?

(D22) (D23) (D24)



is as follows: open circuit potential (VOc) = 890 nmV, current density (AO =
105.14 m&¥ cn2, fill factor (FE) = 52.7% power conversion efficiency (PCE)
= 2.41% W6 280/@86130 WO 2013/ 010614PCT/ EP2012/ 002625 - P8%/EP2Ratesks Cl ai ns
1. d i goner or polynmer conprising divale83-units of formula I 10wherein
V1 and V2 are independently of each other 0, S, Se or Te, X1
and X2 are independently of each other CRLIR2, C=CR1R2, 15Si RIR2 or GeRlRZ,
R, Rl and R2 independently of each other, and on each occurrence
identically or differently, denote H F, d, Br, CN, straight-chain,
branched or c with sl to 3@2C 20at ons, /Ln\v\,hi ch one or nore

yghi c algyl,
non-adj acent C atons/are o o
A U3
R13 R13 * *

S S
(D25) (D26) (D27)
10 R" R11 11
. 7\ S . /\ Se | /\ xZ
* * 11
AN/ se \,/ N
R'? R R
. (D28) (D29) (D30)
R" R R"?
S S N
20 1 R .
R R
(D31) (D32)
R11
25
R13 / S
R11 R12 . .
g
N N S~ 14
/ | R
30 . */[\s s)\. 2

(D33) (D34) (D35)

35



optionally replaced by -0-, -S, -C(0)-, -C(0)-0-, -0- C(0)-, -0-C(0)-0-,
-¢(s)-, -¢(S-0-, -0-C(S5-, -0-C(S)- 0-, -C(O)-S-, -S-C(0O)-, -0-C(0O)-S-,

-S-C(0) - W0 20BO10Y14S-, -S-C(S)-S-, -O-C(gs -S-, -S-C(9)- eCcI/EPAIZNe%25 - 25
SCS)-, -NR, -SiRR-, -CY1=CY2- or -CE949n such a manner that 0 and/or S
atons are not linked directly to one another, and in which one or nore H
atons are optionally replaced by F, d, Br, I or CN, or Rl and R2,

i ndependent |y of eagn ot her, and on pRach occurrence 30i %enti cally or ‘
differently, denotejaryl, heteroaryl,} aryloxy or heteroaryloxy with 4 to 20

ring atoms which iszseptionally subgtptutegs or 1:21 andy t oget her form an
alicyclic group with Pto 20 C atong ich is optiond{Ty® Il uorinated or

i ndependent |y o Q carbyl or

al kyl ated, 35 WO 2613/ 010614PCT/ E 5 / 002625 - 86 -
:@: er H ors -a@'u; Ly substit
hydrocgr byl . 52. Pohyagr according te=efaim1l, characte dinthat it

conpri ses one or la\ll -RArl)a-(Ubi(A2)c-(Ar3M -1

10wherein is a uni ‘ xféf\'i ned inclaim®PaM, A2, A3 are,
on each occurrence iidentically or diflferently, and 15independently of each
other, aryl or hetefoaryl that is di Rierent from U, preRérany has 5 to 30

ring atons and is Qggg))nal |y substi(bgt;;)ed, preferably b)(Dg§F or nore groups
Rs,

10

15

20

25

30

35



20RSi s on each occurrence identically or differently F, Br, C, -CN, -NC
-NCO, -NCS, -QOCN, -SCN, -C(O)NRR, - C(0)X, -C(0)R -NH2, -NRR -SH, -SR,
-SO3H, - WO2R3/1@H4 - NO2, -CF3, -SF5, optionally substi rara®2ai2iogie2s car byl
or hydrocarbyl with 1 to 40 C atons that9ds 250ptional ly substituted and
optionally conprises one or nore hetero atons, or P-Sp-, R and R are

i ndependently of each other H or optionally substituted Cl-40 carbyl or
hydr ocar byl , 30 is a polynerisable or crosslinkabl e group,
Spi s a spacer group.or a gingle bond, 35Xi s hal ogen, preferably F, O or
Br, WO 2013/ 010614P€] 002625 - 87 - a, b, care on each occurrence

identically or di ‘;i; y/l, 1 or % 0 ch occurrence identically or

differently 0 or,,2 Wegernfpom 1l to MO,/ er f n\{ he pol yner conprises at

| east one repea®ing unlit of Rormula | S (FS~at least 1. 3. Polymer
t hat

accordgng to claim1 of 2, characteRized i it additionally
10conpri ses one or (vBOF repeating units Sek@ﬁﬁfd of fornmula I

10
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-RArl)a- (A1) b-(Ar2)c-(Ar3)d]-I1l wherein Arl, Ar2, Ar3, a, b, c and d are
as defined in claim3, and Al is 15an aryl or heteroaryl group that is

di f f er entwbnroma@nd Arl1l-3, has 5 to 30 ring atons, is @pTiErR@ERI092625
substituted by one or nore groups Rs as Hefined in claim3, and is sel ected
fromaryl or heteroaryl groups having el ectron donor properties, wherein
the polyner conprises at | east one repeating unit of fornula Il wherein b
is at least 1. 20 41 Polyier according to ope or gore of clains 1 to 3,
characterized in tha\t*Si' is selected of fornula . 254 .--(A)x (B)-y
wherein Ais a unythpof Yorrmula | as defi neg™ aiml, 30 Bis a unit that
is different *fTom A ne +o or hg;eroaryl gr oups
that are optional¥y setiected .of forrmula 111
as defined in claim3, X APCT/ EP2012/ 002625
- 88 _5 13/8
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isa0Oand <1, x +yis 1, and 5nis an integer >1. 5. Polymer according to
one or nore of clains 1 to 4, characterized in that it is selected fromthe
fol | owi ngwbanmaulie@410*-[ (Arl-U Ar2)"-(Ar §)On-*|Va PCT/EP2012/002625
*[(Arl-UA2)x-(Ar3-Ar3)0"-*1'Vb *-[(Arp U Ar2)x-(Ar3-Ar3-Ar3)"] n-*1'Vc 15
*[(Arl)a-(Ub-(Ar2)c--(Ar3)ciln-*1'vd

*([(Arl)a-(Ub-(Ar2)c-(Ar3)d] x-RArl)a-(ALl)b-(Ar2)c-(Ar3)db)n-*I Ve
20wherein U, Arl, Ar2, Ark™a, b, c and d have in each occurrence

identically or difgerentlkyone of the neanings gi v? inclaim4, A has on
each occurrence™ @6 or differentl? @ s—-neani ngs given in
claim3, and x, argN\as, defined in, & \ erein these polyners
can be al ternaging andochopoI ymer sR and 25wtereiNgni n fornula 1vd and
Ve in at | east one of the repeating units [(Arl)a-(Ub-(Ar2)c-(Ar3)d] and
in at feast one of the mﬁp)aating units [(Arl)a Ifyﬁ%))b-(Ar2)c-(Ar3)d] b is at
| east 1. 6. Polyner acéordl ng to one or nore 01 claims 1 to 5,
characterized in 30that it is selected fromthe group consisting of the

foll owi ng fornul ag
12

/]

R13

10
R R"
(D73)
15 . R™
R FUT
* * / *
R'?
B3 R'S
20 (D76)
RM ) R15 R1s R12
s R s
. . . A\
LI I
25 15 R" S
R R" rR" R R™
(D77) (D78)
30 R'® R' R'® R" * rR"
S \ S\ R14
* \ *
S *
R11 13 14 15 12
R R R R R™
35



WD 2013/ 010614PCT/ EP2012/ 002625 - 89 - 5 [V2 R WO
2013/ 010614PCT/ EP2012/ 002625 - 91 -

WO 2013/010614 98 PCT/EP2012/002625
* Rﬂ *
11 / ] R™ R" -
R S
5 R12 R13 R13 R12

10
15
20
25
R11
|
0= N~_0
[\
30 * NT
é12
(D88)

wherein one of X' and X'2is S and the other is Se, and R'", R'?,
35 R R™ R'>, R R and R' independently of each other denote H
or have one of the meanings of R' as defined in claim 1.



wherein R has on each occurrence identically or differently one of the
meani ngs of RL as given in claim1l. 107.Pol ynmer according to one or nore of
clainms 1 wo2613/ab@nacterized in that it | s selected of POTMPR@2M02625

R6- chai n- R6V 15wherein "chain” is a pol‘ﬁrQeT chain selected of fornulae 1V,

| Va-1 Ve and 1V1-1V5 as defined in claim6, 7 or 8 and R5 and R6 denote

i ndependently of each other F, Br, d, H -CH2Cl, -CHO -CH=Cl-12,
-SRR'R', -ShRR'Rm -BRR', -B(OR)(CR"'), -B(OH)2, -znCl, -MCl, -MBr or
P-Sp-, wherein P and Sp are as defined in claim4, R, R 20and R'' have

i ndependent | §. of Pedyrheoabeording:toodne be meaif esme 1 3 &iwksre 8hd'of, and two

of R, R" and R’ I i ther with the heterg _atomto
whi ch they are aﬂ%%hcg(}.ﬁegng%%%Pealgg%é%ﬁ%@Woorm‘?ie@f’rﬁﬁregecg?‘?gpg?ms 1to
7, wherein one ofhe@grRicomsigling oithe fallewimgFodentaee aryl or heteroaryl

select®d fromthe group consisting of the follow ng formnul ae WO
2013/ 010614PCT/ EP201,2/ 002625 - 93 -
R COOR" o
1 1 N/S\N N N
R~ S R g o/ \N/
/ \ / \ '
10 * S * * S * R11 R12 R11 R12
(A1) (A2) (A3) (A4)
[?13
15 N/SQN N/N\N . R R™
\ \ NN P
N/ \N
* / \ Iﬁ\
R11 R12 R11 R12 S * * S *
20
(A5) (A6) (A7) (A8)

S eI
0 . S
25 ' N* N
N/ \N \ /

R
I
N
/
/
N
Lo

*TNg” T s S
30 (A9) (A10) (A11)
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25 wherein one of X11 and X12 is S and the other is Se, and Rl11, R12,
35R13, R14, R15, R16, R17 and -18 i-c independently of each other denote H
or have owe 20f3/mb@4nmeani ngs of Rl as de%bged i n cl ai m 1PCT/EP2012/002625

o P R™
14
R“‘\NJ\N,R N,S\N
R" — R12 \ )
5 TN\_ ] TN
* S S * R
(A12) (A13) (A14)

10 R\/ <R12 R\ R*
) _Se >'—<
N NS VAN 72\

15 R11 R11 R13 R13 R14
(A15) (A16) (A17) (A18)
/S\ /O\ /S O
N N N N ~N ~ ~
. \ W Ni\ /EN NN
R' O R" R™ O R™ N N N N
>\ /< >\ /<
R12 R13 R12 R13 R11 R12 R11 R12
25 (A19) (A20) (A21) (A22)
R13 R15
| |
/N\ /N\
N~ N N~ N
) .. ' . "W }
N
. /A S
1 14 *
SISO 0
R11 R12 R12 R13 N\\S//N R12
35
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WO 2013/ 010614PCT/ EP2012/ 002625 - 99 - 9. Pol yner according to one or nore
of clains 1 to 8 wherein one or nore of the units Ar3 and Al denote aryl
or het er ospyeb13ab@at ed fromthe group C?Bii sting of thePCoHPOW2/00262Hr Mul ae
5 30( A9) (A10) (AL11) WO 2013/ 010612-Y101 - PCT/ EP2012/ 002625 wherein
one of X11 and )02 is S and the other is Se, and R11l, R12, R13, R14 and R15
i ndependently of each other denote H or have one of the neanings of Rl as
defined in claim1. 1510. digomer according to claiml, characterized in
that it is selected of

10 RM R

15

20 O @] o o N,SQN
W
5 ' o S W

(A34) (A35) (A36)
25 R11

S\N R12
R11 R14 / N .
Ny ) )
7 N\
0 90
T Y, 07 "o
R

(A37) (A38) (A39)
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formula VI wherein R, V1, V2, X1 and X2 are as defined in claim1l1, Z1
denotes a 25single bond, (CYl1=CY2)h, (CCOh, wherein h =1 or 2, or Ar5,
wher ei n WO 2¥B/Ep@4as defined in clai m.éofmd Ar5 has onecCofEPedie/onmani ngs of
Ail or Ar3 as defined in claim?2, 8 or 97R7 and R8 independently of each
other denote H, F, Br, O, -CN, -NC, -NCO -NCS, -OCN, -SCN, -C(0)NRR,
C(O)X -C(0)R, -C(0)0OR, -0-C(O0)R, -NI-12, - 30NRR, -SH, -SR -S03H, -S2R
-N2, -CF3, -SF5, P-Sp-, or optlonally substitgtsed silyl, carbyl or
hydrocar byl with 1 to 40 C atons_ishat is optlonally substémut ed and
optionally conpri.ses qgé& or nore he ero atoms ereyn one or nore C
atons are optiona stayf 0 at om and and X are as
defined in 35cl ai WO 2013 0l03
- PCT/ EP2012/ 00262 Qi goner accor ' ng @o claim 10, | which is sel ected

fromtﬁefollowlnglo-rrrulae 15
O
o) O
R12/ * R R14 R R14
(A40) (A41) (A42)
10
wherein one of X' and X'?is S and the other is Se, and R, R™2,
R", R and R' independently of each other denote H or have one
of the meanings of R' as defined in claim 1.
15 10. Oligomer according to claim 1, characterized in that it is selected of
formula Vil '
R ¥ X2 V! 8
2w (XL
R V2 X VO L2 1 R
20 ) v X Vil
AN v
R 1 X! R

wherein R, V', V2, X' and X2 are as defined in claim 1, Z' denotes a

25 single bond, (CY'=CY?),, (C=C)n, wherein h = 1 or 2, or Ar®, wherein
Y', Y? are as defined in claim 1 and Ar® has one of the meanings of
Ar' or A as defined in claim 2, 8 or 9, R” and R? independently of
each other denote H, F, Br, Cl, -CN, -NC, -NCO, -NCS, -OCN, -SCN,
-C(O)NR°R®, -C(0)X?, -C(O)R®, -C(O)OR®, -O-C(O)R®, -NHs, -

30 NRRY, -SH, -SR® -SO3H, -SO;R’, -OH, -NO;, -CF3, -SFs, P-Sp-, or
optionally substituted silyl, carbyl or hydrocarby! with 1 to 40 C atoms
that is optionally substituted and optionally comprises one or more
hetero atoms, and wherein one or more C atoms are optionally
replaced by a hetero atom, and R?, R® and X° are as defined in

35 clam2,andgis 1, 2 or 3.



wherein V1, V2, R, R7 and R8 are as defined in claim110, and Z has one of
the nmeanings of Z1 in claim10. 12. digoner or polyner according to one or
nore of cweains3/diodle 11, 20characterized,in that Rl and ReTiErdepemsent |y of
each other denote straight-chain, branc‘:ﬂ@g or cyclic alkyl with 1 to 20 C
atons which is unsubsituted or substituted by one or nore F atons, or Rl
and R2 i ndependently of each other denote aryl or heteroaryl, each of which

is optionally.fl ¥ al koxyl ated and has 4 to 30 ring
25at oms, or %)ﬁr?e 0 wépgcﬁdﬁﬁtﬁqag'%@nwht% et’gfogétf@:wevwrrg)mthe
af orerrentloned alfesmulagryl or heteroaryl groups, or RL and R2 together form
a cyclic alkyl group with 1 to 20 C atons, which is unsubsituted or
substituted by one or nore F atogs or by one or nore Cl-Cl0 al kyl groups.

30 13. Mxture or blend cyfprising oRe or nore ollgorrera or polyners
accordisng to one QGg-nOr ¢ SZnie: C
pol ymers havi ng seni condu 1, chgt Ok g : trgi trans {t,
hol e/ el ectron bl ocki ng, i 5 R or ht
enm tting properties. ) 65 N
2013/ 010614- 105 - PCT/ EP2012/ 002625 patter ns, el ectRode nateri aI s in
batteries, alignnent |ayers, biosensors, biochips, security markings,
security devices, and conponents B[ devices for detecting and
di scrimighnati ng DNA seqLEenog
18 or 19, which |5R/

15

wherein V', V2 R, R” and R® are as defined in claim 10, and Z has
one of the meanings of Z' in claim 10.

12.  Oligomer or polymer according to one or more of claims 1 to 11,

20 characterized in that R and R? independently of each other denote
straight-chain, branched or cyclic alkyl with 1 to 20 C atoms which is
unsubsituted or substituted by one or more F atoms, or R' and R2
independently of each other denote aryl or heteroaryl, each of which
is optionally fluorinated, alkylated or alkoxylated and has 4 to 30 ring

25 atoms, or one of R' and R? denotes H and the other is selected from
the aforementioned alkyl, aryl or heteroaryl groups, or R! and R2
together form a cyclic alkyl group with 1 to 20 C atoms, which is
unsubsituted or substituted by one or more F atoms or by one or
more C4-C10 alkyl groups.

30

13.  Mixture or blend comprising one or more oligomers or polymers
according to one or more of claims 1 to 12, and one or more
compounds or polymers having semiconducting, charge transport
hole/electron transport, hole/electron blocking, electrically

35 conducting, photoconducting or light emitting properties.



10 RO- Arl1l-U Ar2-R19VI wherein U, Arl, Ar2 are as defined in claim3 or 10,
and RO and R19 i ndependently of each other denote F, Br, d, -CH2Cl, -CHGQ
- 15CH=CHRO 208/(RIRIRM -SnI TR'R'', -BR R, - B(ORNOR"), PBIr@H®2/0026Z0Cl, -M
Cl, or -My Br, wherein R, R' and R' hav 4i'ndependent|y of each ot her one
of the meanings of RO as defined above, and two of R, R'" and R" may al so
forma ring together with the hetero atomto which they are attached. 20

22. Process qgfy pr ' : or,di tQ one or more of clains 1 to
9, by coupli ﬁlgOr@?@{ré%@eﬁ%é?@{%@%&é?ﬁﬁa g%a@f:fﬁ%e?l'??%t&ei n R9 and
R19 are sel ect ed CPMATSES Aol Mare @ligomens obpolynare agcodisg tovohé cgach ot her

and/or with one @fordDsfeIABROTRE S 2SHESHED qu_ ﬁ? owi ng fornul ae
R9- Ar3- R10CI R9- Al-R1C2 30 wherein Ar3 ?srﬁgrse | %ﬁ)r&%h’& aim2, 8 or 9, A

is as defined i nSEMYFARAUAPT @OMROURHY R19 are sel ected from hal ogen,
st annyb and boronate groups as defined in claim21, in an aryl-aryl

coupling reaqgl! ORyixture or blend according to claim 14, characterized in that the n-

type organic semiconductor compound is a fullerene or substituted
fullerene.

10 16. Formulation comprising one or more oligomers, polymers, mixtures
or blends according to one or more of claims 1 to 15, and one or
more solvents, preferably selected from organic solvents.

17. Use of a oligomer, polymer, mixture, blend or formulation according
15 to one or more of claims 1 to 16 as charge transport,
semiconducting, electrically conducting, photoconducting or light
emitting material in optical, electrooptical, electronic,
electroluminescent or photoluminescent components or devices.

20 18 Optical, electrooptical or electronic component or device comprising
one or more oligomers, polymers, mixtures, blends or formulations
according to one or more of claims 1 to 17.

19. Component or device according to claim 18, which is selected from

25 the group consisting of organic field effect transistors (OFET), thin
film transistors (TFT), integrated circuits (IC), logic circuits,
capacitors, radio frequency identification (RFID) tags, devices or
components, organic light emitting diodes (OLED), organic light
emitting transistors (OLET), flat panel displays, backlights of

30 displays, organic photovoltaic devices (OPV), organic solar cells (O-
SC), photodiodes, 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

35 (PLEDs), Schottky diodes, planarising layers, antistatic films, polymer
electrolyte membranes (PEM), conducting substrates, conducting
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20.

21.

22.
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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 18 or 19, which is an OFET
bulk heterojunction (BHJ) OPV device or inverted BHJ OPV device.

Monomer of formula VI
RS-Ar'-U-Ar2-R"° Vi

wherein U, Ar', A® are as defined in claim 3 or 10, and R? and R™°
independently of each other denote F, Br, Cl, -CH,CI, -CHO, -
CH=CH, -SIR'R"R", -SnR'R"R™, -BR'R", -B(OR')(OR"), -B(OH),, -
ZnCl, -MgCl, or -MgBr, wherein R', R" and R" have independently of
each other one of the meanings of R° as defined above, and two of

R', R" and R™ may also form a ring together with the hetero atom to
which they are attached.

Process of preparing a polymer according to one or more of claims 1
to 9, by coupling one or more monomers according to claim 21,
wherein R® and R'® are selected from halogen, stannyl and boronate
groups, with each other and/or with one or more monomers selected
from the following formulae

R%-Ar-R® C1
R%-A'-R1° C2
wherein Ar® is as defined in claim 2, 8 or 9, A" is as defined in claim 3

or 9, R® and R are selected from halogen, stannyl and boronate
groups as defined in claim 21, in an aryl-aryl coupling reaction.



