Sem conducting Polymers Field of the Invention 5The invention relates to
novel polynmers containg repeating units based on benzodithi ophene or
derivati wee 20hwmen, nononers and net hods for their preparapre@o/00isiei r use
as sem conductors in organic electronic (OE) devices, especially in organic
photovol taic (OPV) devices, and to COE and- OPV devi ces conprising these

pol ynmers. 10 Background of the Invention In recent years there has been
growing interest in the use of polynmers for electronic applications. One
particul ar area of inportance ds Fotovoltalcs (OPV). Polyners
have found use in OPVs as theyé%ﬂ" %fﬁ?“ﬁé‘i&f 5% YMBES manuf act ured by

sol uti on-processi ng techni ques such as spin casting, dip coating or ink jet
printing. Sok ARRSEibRY can be carried out cheaper and on a |arger
scal e conparegiic—pﬁ%—evaper tive techniques used to make inorganic thin
filmdevices. Currently, polynmer 20based photovoltaic devices are achieving
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an ext ensi on QRV devicesfaamprsing trgsegeelymers.ength. 1t is general ly observed

in conjjggat ed 35pol ymers that an increase in the conjugation length results

in a decrease of the bandgap, |eading to a higher degree of absorbed
i nci dent | i gBackaround of the Invention

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

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

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

A class of polymers that is achieving the highest efficiencies in polymer
based photovoltaic devices is based on units that have a high quinoidal
contribution. Poly(thiophene), for example, has both an aromatic and a

25 quinoidal contribution as shown below:
s A N\ s s. | \__s
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30 aromatic quinoidal

A quinoidal structure reduces the torsion between adjacent rings, which
results in a more planar polymer backbone leading to an extension of the
effective conjugation length. It is generally observed in conjugated

35 polymers that an increase in the conjugation length results in a decrease
of the bandgap, leading to a higher degree of absorbed incident light.



2 - The quinoidal state can be stabilised by fusing an aromatic ring to the

t hi ophene backbone. The fused ring is only fully aromati c when the backbone

is in theWQaPHYO8HB state. This neans there is a strongPE&dPREOOBIS8Bt he

polynmer to be in the quinoidal state. Pregvious work has denonstrated that

t he bandgap can be reduced by using a befizo-fused thiophene, as in

pol y(i sot hi anapht hene) (1) shown below [see J. Roncali, Chem Rev., 1997,

97, 173] or by using a thieno[ 3, 4-b]thiophene, as in poly(thieno[3, 4-

b] t hi ophene- benzo[ 1, 2-b: 4,5-b']dithi ophene) (2) shown bel ow, wherein R

10i s an octyloxy group and R' is a dodecyl oxycarbonyl group [see Y. Liang;

Y. Wi; D. Ferde @iingidarstate can-he Stabiﬁ'§edabyIIU$ing anvarondaticiiing @htm Soc.
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boronic acid

15

(1)
20
However, poly(isothianapthene) (1), which is either prepared chemically or
electrochemically suffers from insolubility due to a lack of solubilising
functionality. Soluble alkylated poly(isothianapthenes) have also been
discussed by J. Roncali, Chem. Rev., 1997, 97, 173, however, there is no
hint to the semiconducting properties of this or similar materials, or that
this or similar polymers could be suitable for use in OPV devices.

25

Regarding polymers based on benzo[1,2-b:4,5-b’}dithiophene units
(hereinafter also referred to as "BDT"), like poly(thieno[3,4-b]thiophene-
benzo[1,2-b:4,5-b’']dithiophene) (2), these have certain drawbacks with
respect to their polymerisation methods as usuaily employed.

30

Usually, such polymers are synthesized by an organometallic catalyzed
aryl-aryl coupling reaction of the monomeric units. Typically used coupling
reactions include e.g. Yamamoto coupling of the monomers with reactive
halide groups (see e.g. Yamamoto, T.; Morita, A.; Miyazaki, Y_;

35



50r boronic acid ester groups (see e.g. Schluter, A D. J. Polym Sc., Part
A. Polym Chem 2001, 39, 1533-1556), or Stille coupling of the nononers
wi t h reacwOwvel19ganoti n groups (see e.g. Bao, Z.; Chan, POA/ER2010007881T. J.

Am Chem Soc. 1995, 117, 12426-12435). 10However, when preparing polyners
from t hi ophene-cont ai ni ng nononers, |iKe’thieno[ 3, 4-b]thi ophene-2, 6-diyl,
via a Suzuki coupling reaction where the thiophene rings are functionalized
wi th boronic acid or boronic acid ester groups, an undesired side-reaction

call ed deborqpation can ur _to siLgni fi can eqree [s Jayakannan,
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halts the polymerization and leads to the formation of low molecular

weight polymer chains which lack the requiste physical properties. On the

other hand, Stille coupling, which was reported in the literature for the

preparation of polymers like (2) above, employs the use of highly toxic

20 organotin reagents, which is undesirable for mass production.

Therefore, there is still a need for organic semiconducting (OSC) materials
that are easy to synthesize, especially by methods suitable for mass
production, show good structural organization and film-forming properties,

25 exhibit good electronic properties, especially a high charge carrier mobility,
good processibility, especially a high solubility in organic solvents, and
high stability in air. Especially for use in OPV cells, there is a need for
OSC materials having a low bandgap, which enable improved light
harvesting by the photoactive layer and can lead to higher cell efficiencies.

30
It was an aim of the present invention to provide compounds for use as
organic semiconducting materials that do not have the drawbacks of prior
art materials as described above, are easy to synthesize, especially by
methods suitable for mass production, and do especially show good

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



extend the pool of OSC materials available to the expert. Qi her ains of the
present invention are imrediately evident to the expert fromthe follow ng
det ai | ed we=eor/q98i1en. 5The i nventors of the present inveoTiEreolearsst ound
that these ains can be achi eved by providi ng conjugated sem conducti ng

pol ymers as descri bed hereinafter. These*pol yners conprise an acceptor unit
based on a group that is forned by introduction of two thiophene units onto
a benzene core, to give 4, 8-benzo[1l, 2-b; 4,5-bl dithi ophene (4, 8-BDT), or

derivatives qr, 10i soner of .. which h ddi ti onal, so| ubilisipg groups
Rin o and SxGRLIBTGA of BoEIhaehBl Aaiabidh ' xpen. heramsal S, O\ PR
is e.g. al kykhe ptasgnt imemtipn are isinkgdiatejcavident/to, therekprt fromethg. al kyl .
25When prepa’f&lﬂﬂviﬁ?'dlé@fe% @é(scﬁ‘fp\ﬁhharyl coupling of 4,8-BDT nonomer units as
used in the present invention, the coupling reaction occurs on the benzene
ring of the BDT nononers, and not on the thiophene rings as in 2,6-BDT.

Thi s i § expeqhedniéntopsbrmeoprednnindEAtich hade m@mméwﬁgﬁ%&%sm

observed in the. Suéﬁ)kl cou Ilna of 2, 6-BDT rrgnomers. Al so, e use of
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hi gh charge tagivieet, Zo[ 1.¢;b; WithiophenepEoBiBD Tg oB Bewvatives ar f or

or gani el ecidombis thErdViviiRh h§§Qﬁ&i’tiﬁgélysci%ilﬂ)&ﬁ’%gﬁ@ééscﬁﬁn 2-3nlf g.POMEr ant z,
J. Wang, S. Seong, K. P. Starkey, L. uyen, D. S ryni ck,

Macr onol ecul 888I®994, 27 7478-74853 reports a pol yner of
benzo[1,2-b:4,5-b[dithiophene-4,8-diy|vinylene, whi ch was prepared by a
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wherein X is S, Se or O, Y is CH, CR' or N', R is e.g. alkyl, alkylcarbony! or
alkyloxycarbonyl, and R' is e.g. alkyl.

25 When preparing polymers by aryl-aryl coupling of 4,8-BDT monomer units
as used in the present invention, the coupling reaction occurs on the
benzene ring of the BDT monomers, and not on the thiophene rings as in
2,6-BDT. This is expected to reduce or even avoid the above-mentioned
problems observed in the Suzuki coupling of 2,6-BDT monomers. Also,

30 the use of Stille coupling with highly toxic organotin agents can be
avoided. The monomers and polymers of the present invention are
therefore especially suitable for large scale production. At the same time,
they show good processability, high solubility in organic solvents, a low
bandgap and a high charge carrier mobility, and are thus promising

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



sol ubl e precursor and then thermally converted as a thin filmto an

5i nsol ubl e conjugated pol yner. However, the final polynmer was reported to
be i nsol MPAM1IA8Y3 t here was no reported indication t hBCTEPIIBHPTBUL ed
benzo[ 1, 2-b: 4, 5- b] di t hi ophene unit woul d. show prom si ng performance in
sem conducti ng polyners or be useful as*an acceptor unit in copolyners for
OPV use. Besides, there is no hint to prepare polyners by aryl-aryl
10coupling reactions of the nononeric units, or the potential problens

linked to th Lons, passi S t erco these probl ens.
It was fountrzerfﬁbaérﬁﬁ%aat%o‘ﬁ%ﬁtgggégg%o:iﬁfg}que&% suﬂi tabl e for
use as OSC aFynigks nrcgrne . ) v seports a eted>. s, as

i gh ohar ge SaEoBBESES HIdhidoHENG £8 diinkiche. Wferpluat e dBR by 0 oI Ty
In particul a?oﬁup'%gequé‘iﬁfoarhg’[e”t @rmélﬁ\éﬁ?wﬁt%??@tglfb@%ﬁ%@ﬁto t he
presend insolibl¥ eBhjuyated poWéraHbWe&ér,&ﬁégihbD?plyﬁiérSNésﬂr cept or

Samary of *t RE TSRO AlFS. thefe Was i nofd ot e Sl Lgat e
pol yner conpbeszold,2bet,b+b’ ldithopheneantii walildeshow pfamigintg pefeatanog iani t s of
formila 11 gorRcoMifilcBhg potfiners or be useful as an acceptor unit in copolymers
for OPV use. Besides, there is no hint to prepare polymers by aryl-ary!
10 coupling reactions of the monomeric units, or the potential problems linked
to these reactions, or possible ways how to overcome these problems.

It was found that the polymers according to this invention are suitable for

use as OSC materials in electronic devices, especially in OPV cells, as
15 they have good processibility and solubility, and at the same time show a

high charge carrier mobility, a low bandgap and a high oxidative stability.

In particular it was found that the repeating units according to the present
invention are suitable as acceptor units in dono-acceptor polymers,

20 especially for use in bulk heterojunction (BHJ) OPV devices.

Summary of the invention

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

R
A

2

X X

30

35

wherein



one of X1 and X2 is selected fromS, Se and 0, and the other is selected
fromCH, CRx and N, 5one of X3 and X4 is selected fromS, Se and 0, and the
ot her is welzectt@gitBrom CH, CRx and N, Ron each occurreneeTiEbenbiosmsst y or
differently denotes straight- chain, branched or cyclic alkyl with 1 to 35
C atonms, in which 10one or nore non-adj‘@cent C atons are optionally

repl aced by -0-, -S-, -CO, -00-0-, -0-CO, -0-00-0-, -CR=CR- or -CC and
in which one or nore H atons are optionally replaced by F, C, Br, | or CN,
or denotes aryl, heteroaryl, aryloxy, heteroaryloxy, arylcarbonyl,

het er oar yl car bonyl ) 15ar%l car bonyl oxy, heteroaryl carbonyl oxy,

aryl oxycar bogiyé op X' leideX O galecteddrdm g ISenand I ahditheddthér Btseidctedat i s
unsubstituted or substj é’i}@ %)O&id R more non- aromatic groups Rl, 20Rx 25
s on each occurrence ca T differently straight-chain, branched
or cyclic alkyl with 1 to 15 C atons, in which one or nore non- adj acent C

atoms gre Op@g%?gz%nrde)?‘* %c§é1 ¥éd tR5m S, S and Sand the-&her |S%&%ted0 00-0-,

- CR=CR- din WhIC gne or nore H at'ons are optionally repl aced
by F, CI, Br, | or CN,from gkl GR'aard Nadependently of each other H or
optionally substituted carbyl or hydrocar byl optlonally conpr|5|ng one or
nore hetero atons, 30 Rlis ﬁn each occ rren gggmc of dlffel,ét(antly H,

hal ogen, - CN -NC, - NeDHEAREECUITERE Id peEs)SHailghtr o) R
-NH2, -NRR, -SH, -SR el#@idHbranchedRr cy@ht adeDZI;th 1Ae35 C%Bmsom wdnicti |y
gg? ;sg'napt ed silyl, 35085@& rﬁérehﬁ(cgﬁ—%ﬁfc@ﬂ C‘%tbn'nslar{eoopl%%ngll?%’ﬂﬁcé@at ' S
by -O-, -S-, -CO-, -CO-0-, -O-CO-, -0-CO-0O-, -CR’=CRY- or
-C=C- and in which one or more H atoms are optionally
replaced by F, Cl, Br, | or CN, or denotes aryl, heteroaryl,
aryloxy, heteroaryloxy, arylcarbonyl, heteroaryicarbonyl,

15 arylcarbonyloxy, heteroarylcarbonyloxy, aryloxycarbonyl! or
heteroaryloxycarbonyl having 2 to 40 C atoms that is
unsubstituted or substituted by one or more non-aromatic
groups R’,

20 R* is on each occurrence identically or differently straight-chain,
branched or cyclic alkyl with 1 to 15 C atoms, in which one or
more non-adjacent C atoms are optionally replaced by -O-, -
S-, -CO-, -CO-0-, -0-CO-, 0-CO-0-, -CR’=CR- or -C=C-
and in which one or more H atoms are optionally replaced by

25 F, Cl, Br, | or CN,

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

30

R’ is on each occurrence identically or differently H, halogen, -
CN, -NC, -NCO, -NCS, -OCN, -SCN, -C(=0)NR°R®, -
C(=0)X°, -C(=0)R?, -NH,, -NR°R?, -SH, -SR°, -SO:H, -
SOzR°, -OH, -NO,, -CFj3, -SFs, optionally substituted silyl,

35 carbyl or hydrocarbyl with 1 to 40 C atoms that is optionally



7 substituted and optionally conprises one or nore hetero atons, or P-Sp-,
I's a polynerisable or crosslinkable group, Spis a spacer group or a single
bond, xi swbaboges1310The invention further rel ates to apcenpo@aiedspol yner
of formula Il (Ar)y (A)xmn *I | 15 wherein Ais is on each occurrence
identically or differently a repeati ng'Jn‘lt of fornmula | as described above
and below, 20 Aris, on each occurrence identically or differently,
optionally substituted aryl or heteroaryl, Y1 and Y2are independently of
each other H F, d or .25 1S on egach occurrence identical or
differently 1, 2 or 3,S%t5HtEé§’a%'?1ao88€?n$lé{rﬁ%H rbseerﬁ?r&eapfg‘%%%&ﬁl@erently 0
or 1, wherein in at | eakmsmr B&@p-unit ((Ar)-(A).) x is 1, 30is on each
occurrence identically or differently 0 or 1,

P is a polymerisable or crosslinkable group,
5
Sp is a spacer group or a single bond,
x° is halogen.
10 The invention further relates to a conjugated polymer of formula Il
*—Hf(Ar)y——(A);)—}m — I
15 ]
wherein
A is is on each occurrence identically or differently a repeating
unit of formula | as described above and below,
20 _— . .
Ar is, on each occurrence identically or differently, optionally
substituted aryl or heteroaryl,
Y'andY? are independently of each other H, F, Cl or CN,
25 : o .
m is on each occurrence identically or differently 1, 2 or 3,
X is on each occurrence identically or differently 0 or 1,
wherein in at least one sub-unit ((Ar)y-(A)x) x is 1,
30 : - .
y is on each occurrence identically or differently 0 or 1,
n is an integer > 1.
35 The invention further relates to monomers containing a unit of formula |,

which are suitable for the preparation of polymers as described above and



Is an integer > 1. 8 - below. The invention further relates to a polyner
bl end conprising one or nore polyners according to the present invention
and one owomorimeeddi ti onal 5pol yners, wherein these addiptirapadiopoisgners are
preferably selected from pol yners havi ng sem conducti ng, charge transport,
hol e/ el ectron transport, hole/electron~ gﬁbcking, el ectrically conducting,
phot oconducting or light emtting properties. 10The invention further
relates to a formulation conprising one or nore polyners or pol yner blends
according to the present invention and optionally one or nore solvents,
preferably skelewt ed fromorganic solvents. The invention further relates to
the use of polymers, polyner blends and 15fornulations according to the

i |
Conduct i ng. - e NETaARrE: IS/ BRaNRd pab i BSHA EomBlpinG| 61 bt fitre”
el ectroopt i cpblymere according t@tf&pmenmrwegb@mandrormm mon@raddg@@ﬁt
conpongnt s 0%0 ﬁ%@r&%he?é?ﬁ %?efé@éieaﬁhbﬁé! ad%e?sr afe%:%?@r%biwsé}e&%rfg&n

transport, conducti ng ectrically conductin tocon ucting or
light emtti ﬂ@ymﬁféﬂawn%e'@ e el ¢ &f?H@P%'%eh‘gP §l8FtEOhol yner s,

pol ymer bl enggngp or{ Hdeletddtests bivekingd elegtrically %nﬁuewtphdw@diﬁdl.wﬁng%'rhe
I nvention furtkh reJates to an optical, electrooptical or electronic
conponent or°H ‘ﬂﬁ ¥ne or nore pol ymers, pol yner bl ends,
formul ati ons, conponents or materials according to the present invention.

The opypcal , TRL GRS fufler r@bRSE oY dmRh&I QHPHSRG THE ofidre
polymers or polymer blends according to the present invention and
optionally one or more solvents, preferably selected from organic solvents.

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

15 formulations according to the present invention as charge transport,
semiconducting, electrically conducting, photoconducting or light emitting
material in optical, electrooptical, electronic, electroluminescent or
photoluminescent components or devices.

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

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

The optical, electrooptical, electronic electroluminescent and

30 photoluminescent components or devices include, without limitation,
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

35 displays, backlights of displays, organic photovoltaic devices (OPV), solar
cells, laser diodes, photoconductors, photodetectors, electrophotographic



30phot ol um nescent conponents or devices include, without [imtation,
organic field effect transistors (OFET), thin filmtransistors (TFT),

i nt egr at egtoeot1euesiis (1 C), logic circuits, capacitors, radirEpbéienusecy
identification (RFID) tags, devices or conmponents, organic light emtting
di odes (OLED), organic light emtting transistors (OLET), flat panel
35di spl ays, backlights of displays, organic photovoltaic devices (OPV),
solar cells, laser diodes, photoconductors, photodetectors,

el ectrophot o hi.c recording devices,

hi 9 - ' | h
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transport | agensoratevicdse chaygs mjectiopdhyens; charget tramspart lagers ades ( PLEDs)
organi c pl as 1Lt L | - 'l | : | Si ng

| ayers, anti @%ﬁ&ggéfﬁg%&rﬁ&gﬂgﬁer el Cc{@%%{%ﬁﬂ%%?)ﬁ%gc?@éﬁ conduct i ng
substrat es, emﬁtﬂngtdlfP@eSp(‘@PE , Sehattkyrdiadesntlananging jayepstantistatis

al i gnnent | ajpks norASFERLESIVIE hshbRinesSPEM), bnBBEHI ] SSbstrREs) i tY
devi ces, and

component s or devi ceg for defﬁec i ng .and discri.m nati ng DNA
Setuonces.  10PRIEINGRRITES| SRCEOO HRAIEHGL MRS Ig8, N BREIBYS | 5 and
schemati cal | bio_@@ﬁé@ff?It:);ﬁ)dl‘ﬁ’;ﬁé,(s@cuﬁl‘ydnaﬂﬂilﬁg&rsééuﬁﬁ)\ﬂ@lﬂdeje&@niaiccord! ng to the
present invention. i gure xe Fi t s a
Pypi cal and BPERERPRE prosvesubateaie dhaabsaN e SR e B
i nvention. Detail ed Description of the Invention 20The nononers and
pol yneyg of b%fﬁ)re%éﬁ iort BY Y bRIWiARE €asy to synthesize and exhibit
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15 Figure 2 exemplarily and schematically depicts a typical and preferred
inverted OPV device according to the present invention.

Detailed Description of the Invention

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

25

In addition, they show the following advantageous properties:

i) The repeating units of formula | contain two five-membered thiophene
rings that are fused to the central benzene ring which itself is contained

30 within the backbone of the polymer. This increases the quinoidal
contribution compared to an unsubstituted benzene and therefore lowers
the band gap of the resultant polymer and results in improving the light
harvesting ability of the material.

35 i) Additional solubility can be introduced into the polymer by inclusion at
the terminal thiophene positions of solubilising groups or co-monomers
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the form of higher charge carrier mobility.

v) The addition of reactive functionalities on the 4- and 8-position of the
BDT units enables the preparation of regioregular homopolymers and

20 copolymers, for example using Yamamoto, Suzuki or Stille coupling
polymerization methods, which are known from the literature. The
regioregular polymer has higher structural order in the solid state
compared to regioirregular materials synthesized using a non-selective
polymerization method. This leads to a polymer with a higher degree of

25 intermolecular order and therefore higher charge carrier mobility in OFET
and OPV devices.

vi) The positioning of reactive functionalities, such as a boronate, on the
benzene ring at the 4- and 8-position in the BDT units enables the

30 preparation of regioregular copolymers using Suzuki coupling
methodology. Bis(boronate) monomers where the boronate functionality is
sited on a benzene ring are liable to more hydrolytically and thermally
stable than those where the boronate functionality is sited on a thiophene
ring, which generally lead to low molecular weight polymers [see M.

35 Jayakannan, J. L. J. van Dongen, R. A. J. Janssen, Macromolecules,
2001, 34, 5386]. This will therefore allow the preparation of higher
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of units denved actually or conceptually, from molecules of low relative
molecular mass (PAC, 1996, 68, 2291). The term "oligomer" generally
means a molecule of intermediate relative molecular mass, the structure
of which essentially comprises a small plurality of units derived, actually or

20 conceptually, from molecules of lower relative molecular mass (PAC,
1996, 68, 2291). In a preferred sense according to the present invention a
polymer means a compound having > 1, preferably 2 5 repeating units,
and an oligomer means a compound with > 1 and < 10, preferably < 5,
repeating units.

25
The terms "repeating unit" and "monomeric unit" mean the constitutional
repeating unit (CRU), which is the smallest constitutional unit the repetition
of which constitutes a regular macromolecule, a regular oligomer
molecule, a regular block or a regular chain (PAC, 1996, 68, 2291).

30

The term "leaving group" means an atom or group (charged or uncharged)
that becomes detached from an atom in what is considered to be the
residual or main part of the molecule taking part in a specified reaction
(see also PAC, 1994, 66, 1134).

35
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uni ts of forchiorometinane) (BN, chloroform), chlorobenzene or 1, 2, 4-trichloro-
15 benzene. Unless stated otherwise, trichloromethane 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
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.
20 Cowie, Polymers: Chemistry & Physics of Modern Materials, Blackie,
Glasgow, 1991.

In the units of formula I, the group

25 N2 /
X\m/x and x“\\J/\x3 , respectively,

denotes a group that forms a conjugated system together with the central
benzene ring, and thus denotes

30
1./ 2 1.°N\2 / 0\ I\ _
X\ /X X\ /X x“\/x3 or x"'\%x3 respectively.
35 Unless stated otherwise, the molecular weight is given as the number

average molecular weight M, or weight average molecular weight My,
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10 The term "carbyl group" as used above and below denotes any

monovalent or multivalent organic radical moiety which comprises at least
one carbon atom either without any non-carbon atoms (like for example
-C=C-), or optionally combined with at least one non-carbon atom such as
N, O, S, P, Si, Se, As, Te or Ge (for example carbonyl etc.). The term

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

A carbyl or hydrocarbyl group comprising a chain of 3 or more C atoms
20 may also be straight-chain, branched and/or cyclic, including spiro and/or
fused rings.

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

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

30 40, preferably 7 to 40 C atoms, wherein all these groups do optionally
contain one or more hetero atoms, preferably selected from N, O, S, P, Si,
Se, As, Te and Ge.

The carbyl or hydrocarbyl group may be a saturated or unsaturated acyclic
35 group, or a saturated or unsaturated cyclic group. Unsaturated acyclic or
cyclic groups are preferred, especially aryl, alkenyl and alkynyl groups



A carbyl or hydrocarbyl group conprising a chain of 3 or nore C atons 20may
al so be straight-chain, branched and/or cyclic, including spiro and/or
fused ri nge.2011Rwefierred carbyl and hydrocarbyl groups i rcirmbeodlokiss?

al koxy, al kyl carbonyl, al koxycarbonyl, al kyl carbonyl oxy and

al koxycar bonyl oxy, 25each of which is opftronally substituted and has 1 to
40, preferably 1 to 25, very preferably 1 to 18 C atons, furthernore
optionally substituted aryl or aryloxy having 6 to 40, preferably 6 to 25 C

t furth | kyl b I b "
a1 y1 car bonyl @epesmly Syl ARG IS0y C e datD Yo G A B GBOLBIR 1 y
tSEbSt i tuted I|Bath rb@p&ﬂé? b@t%gﬂit&ﬂiatn Brbﬁankﬂ\eﬂ aTh)egGh @Wae:aebgg alb:
ese groups nzi\ q‘r& e%A@PS:f%Fn Lg) e 4eraﬂo(ﬂ p@ p(Tn’ rably
lected fro Y %’ o g 25
ﬁgdregcgr bylrOglkouy)omyaalkybglmupuaa(ﬁ264a)a|kenyd£r0tlai@@zé&@(ﬂlkwﬂgmumm or a
saturaged or @g%ﬂgpé‘r%ﬁycgcé @4 IE@ e]nypﬁﬁ)t“g; %t@PCaﬂiGIgéﬁyI%roE}SCé' C groups

are preferre

(especial |y QB-IQABWS)( .grouer 8 6h$40@1_ 3@‘@0’ SERURy 12 Gﬁ'cﬁyéﬂ%lﬂ'tﬁmuer 3épis
acyclic, thecgy ?’I doupt b IO}y @malk@fgl raus e thENkeClPrefétredr byl or

hydrocar byl rou udes Tor exa 40 al kyl ou a Gram al koxy
or oxaal kyl QFES’unSt 3 TeRaoiRd 8[%91‘3/? €t 9&3‘7209'%9&5’ zi'l%lhﬁ‘l’ g&e
5C3- C40 al | ygraupe@pC, aCodlalkgfyledriopupda @3yCoctigligroun, 4C 26, gk eyl gr oup, a

g géllg ;Z: oﬁfﬁjﬂo geﬁ)?z géﬂ@iJ)@éﬁé@ch—@%go%@i%B ?é&?e%hbgl& Efs%Up’ a

Pref erred animeiudettafeocapbinagions efigsounsehaving cafmpraatoys gnd ouRs C2- C20

a ‘glﬂg: e%;FUHBVIﬁg%teQQtO%&{RE'e r&yg{}yﬁy%%o ?&fébdblygéwﬁyll %ﬁﬁ?o
respecti vel ysuwt%t)q%‘é’lth@eﬂlyég lﬁblﬁ’g‘?fﬁéﬁ?'bﬁstnﬁp(yli")ﬂltﬂ@aﬁav| ng carbon atons

and groups having hetero atons, |like e.g. an aIkynyI group, preferably
ethynyl,- that is substit ut | 1 p, kyl si |yl
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aromati c or heteroaromatic group with up to 25 C atoms that may also comprise

condensed rings and is optionally substituted with one or more groups L

as defined above.

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

Especially preferred aryl and heteroaryl groups are phenyl in which, in

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

30 thiophene preferably 2-thiophene, selenophene, preferably 2-
selenophene, thieno[3,2-b]thiophene, thiazole, thiadiazole, oxazole and
oxadiazole, especially preferably thiophene-2-yl, 5-substituted thiophene-
2-yl or pyridine-3-yl, all of which can be unsubstituted, mono- or

polysubstituted with L as defined above.
35
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pent adecyl , fiongxy, -~ dgcoxy. “Undecoxy, = dodeco ecoxy or t et r adecoxy,
for exanple. hﬁﬁzépk%QIatBF‘ﬁ@” fREPrEing Y)f?epr(? eV"ﬁYJIQPﬁglFbu'pQr&V@prepl aced
by - 10 CH=GHnyasutbe, 8t bﬁthB-eﬁwlp’emiﬂ h2-a8cbegent-4-eny, et ¢4, 20 3-,
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1E-butenyl, C,-C;-1E-alkenyl, C4-C7-3E- aIkenyI and Cs-C7-4-alkenyl. Examples for
20 particularly preferred alkenyl groups are vinyl, 1E-propenyl, 1E-butenyl,
1E-pentenyl, 1E-hexenyl, 1E-heptenyl, 3-butenyl, 3E-pentenyl,
3E-hexenyl, 3E-heptenyl, 4-pentenyl, 4Z-hexenyl, 4E-hexenyl,
4Z-heptenyl, 5-hexenyl, 6-heptenyl and the like. Groups havingup to 5 C
atoms are generally preferred.
25
An oxaalkyl group, i.e. where one CH; group is replaced by -O-, is
preferably straight-chain 2-oxapropyl (=methoxymethyl), 2-
(=ethoxymethyl) or 3-oxabutyl (=2-methoxyethyl), 2-, 3-, or 4-oxapentyl, 2-,
3-, 4-, or 5-oxahexyl, 2-, 3-, 4-, 5-, or 6-oxaheptyl, 2-, 3-, 4-, 5-, 6- or 7-
30 oxaoctyl, 2-, 3-, 4-, 5-, 6-, 7- or 8-oxanonyl or 2-, 3-, 4-, 5-, 6-,7-, 8- or 9-
oxadecyl, for example.Oxaalkyl, i.e. where one CH, group is replaced by -
O-, is preferably straight-chain 2-oxapropyl (=methoxymethyl), 2-
(=ethoxymethyl) or 3-oxabutyl (=2-methoxyethyl), 2-, 3-, or 4-oxapentyl, 2-,
3-, 4-, or 5-oxahexyl, 2-, 3-, 4-, 5-, or 6-oxaheptyl, 2-, 3-, 4-, 5-, 6- or 7-
35 oxaoctyl, 2-, 3-, 4-, 5-, 6-, 7- or 8-oxanonyl or 2-, 3-, 4-, 5-, 6-,7-, 8- or 9-
oxadecyl, for example.



1E- pentenyl, 1E-hexenyl, 1E-heptenyl, 3-butenyl, 3E-pentenyl, 3E-hexenyl,
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6- hept enywoand/tkas!l i ke. G oups having up to 5 C atons aCe/Epenenaissy
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5-, 6-,7-, 8- or 9- oxadecyl, for exanple.Oxaal kyl, i.e. where one CH2
group is rephaaredlklyygmuprwhiaeailppe’edﬁldbg;omisaéglht:edl’uyi—ﬁ) ansikeme bpy|
(=met hoxymet Ayl ) t et hyl), 2-,
3 or 4:oxa gé ﬂwlegeéédfaéig‘)é%'ﬁte@rja@@%{ﬁ Y )ﬂbcérd?néﬁttﬁ%@@

6- oxaheptyl raglmalgtogether@rm @camonylogggmggc{:QO @Jangoxycgrboryj 6-, 7- or

8- oxangny| gqro%P o3co 4Pre1%rab|§1h|§ ro§p |§§tréighﬂ6ﬁéiﬂféﬂd héé)Q e%agpl e. - 16
- In an alk oup, wher ei.n i s re - and one by -

CO-, these r@@f‘?ﬁal' is AcCopding r%fﬁ ejah& 9¥3écpr N?(% B'I‘t)}'“flﬂé\ée radi cal s
t oget her fOrﬁér&aﬁaylbwylh@xamcgﬁl@wpac@@*ld)eynmthylnpmwoaylbwmétmroup -0-00-.

ncoor di ngl y. BuEPdvRRet it HeraoRRiumyh oyt Byl 2nrBbRIIgN: oy oxy
hexanoyl oxy, emythjbuWyy‘rengthyl ﬁmenWMQDWEBWDPIODMWWIQDWWEt hyl ,
pent angy! Oxygfa% ?9 )gpoacet tﬁ5 B! nylzetﬂb &B%hﬂxé%d&bcabonyl

2- but yryl ox oxy rop ropi onyl oxypro

104- acet yl ox w@@(yq:ar Y' é’[‘ﬁ ¥eR1beRyImet V@SHW@M bonyl ,

but oxycar bonaérbohgmﬁémyp@w@dswcarm SHEARAGYY dmbdsryylmethl
et hoxycar bon Irret

th b t hyl ,
2- (et hoxyca h%{ ’?ﬁf‘%‘ﬁﬁ 239 ?‘MB#P%&F\{}/‘ i%?(%rrog@)&/ e
g Eprﬁpoxycacdamlyw»eﬂiwI3—(rﬁe(hmvw>bpoh ablbrwyb lﬁpﬁedwtyl) P ,Cfrbcxlyl)plr?(pslll,
et car [ t hoxycar bon ut n a rou
wher ei ﬁé%/wo gﬁﬂ%’%%gx%%ﬂ)%r}%ﬁ are re)pl)l aced )l;y - 0- )a/md/or -00)6- gan Ee

strai ght-chain or branched. It Is preferably straight-chain and has 3 to 12

C atoms. Accanpdijglgrolip wherBintwey eiinbrd CH, RbBEX ¥re replaced by -O-
and/or -COO- can be straight-chain or branched. It is preferably straight-
chain and has 3 to 12 C atoms. Accordingly it is preferably bis-carboxy-

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

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

30
A thioalkyl group, i.e where one CH, group is replaced by -S-, is
preferably straight-chain thiomethyl (-SCH3), 1-thioethyl (-SCH2CHa), 1-
thiopropy! (= -SCH2CH,CHj3), 1- (thiobutyl), 1-(thiopentyl), 1-(thiohexyl), 1-
(thioheptyl), 1-(thiooctyl), 1-(thiononyl), 1-(thiodecyl), 1-(thioundecyl) or 1-
35 (thiododecyl), wherein preferably the CH, group adjacent to the sp
hybridised vinyl carbon atom is replaced.



20met hyl , 2, 2-bi s-car boxy-ethyl, 3, 3-bis-carboxy-propyl, 4, 4-bis-carboxy-
butyl, 5,5-bis-carboxy-pentyl, 6, 6-bis-carboxy-hexyl,

7, 7- bi s- omokoxybenasyl , 8, 8-bi s-carboxy-octyl, 9, 9-bi s-cachmpyenomss7

10, 10- bi s- car boxydecyl, bis-(nmethoxycarponyl)-net hyl,

2, 2- bi s- (nmet hoxycar bonyl ) -et hyl , 3, 3-bi s {net hoxycar bonyl ) - propyl ,

4, 4- bi s- (et hoxycar bonyl) - butyl, 5,5-bis- 25(nethoxycarbonyl)-pentyl,

6, 6- bi s- (net hoxycar bonyl) - hexyl, 7,7-bis- (nmethoxycarbonyl)-heptyl,

8, 8- bi s- (et hoxycar bonyl ) -octyl, bis(ethoxycarbonyl)-nethyl,

2, 2-bi s- (et hoxycarbonyl)-ethyl, 3, 3-bis(ethoxycarbonyl)-propy

4, 4- bi s- (et haflyoeodikyl\grpupus prefefabﬁy Btralget-hbalgnqmrﬂmma}lcyh@ﬁdm, 30 A

t hi oal kyl f bl
str ai ght - charietsi bR AR ATEs ?’é@@*ﬁ’i“?ﬁ“ﬂ&ﬁ%@@%% i opr opyl (=
- SCH2CH2 CHB) CsFis4, @eﬁmsoﬁnlfysl gr. CaFrg .t vang psefeyably CsEx hi ohexyl ), 1-

(thi ohgptyl), 1-(thiooctyl), 1-(thiononyl), 1 (t hi odecyl ), 1- (t h| oundecyl)

1- 35(t hiod | bly t th 2
hybi | di sed VTG pogupisRsd ph alfexdeakenyl oradicl fibaRELERIOW oup s
]lcor ef erlabl ylzérﬁ@bahiorwltadyrgmpéloaorbmhmkalthéﬂitallgrowbs; IéamcularIySan i ?:t8 le:gsr

t
very pref er diiePeRE EhlrabyBupkiate Z800) (EhesmiBioby, Zidetn il or”
O)r(\aal Ikyl thnne#hy{géntyb@rlb@ﬂW'pamM eaeﬂbwrhwwksz @ppulpsnb&nnumr?@miar at or
cnira rou I I _
oo o yI pp@m ;g’l‘ﬁﬁtgi“ﬂ ﬁ{]étmgsﬁ@@ QGHetﬁ?llﬁ)'éﬁ guﬁétr@@rfgwez%hyu
2- et hyl hexy! hexaxys dppeiw %PfOXYr 3 qsdylexy - 9¥a‘§ m%tm/étt Yyh 8 %ﬂp thyl-
i rrrre; Ey: Eg; 8 B&nty Pmmelfwoct IRERY1 02X e xPt IZBdeleI' ammbut K\2-deécytt Pdodel IXGXIZlﬁ;[h-l
L et hy | hex ot ortay S o doR G B by, S5 aRBH oY
oxyoct oxy, Geanbohyl, Gemettylbaty oty | Jemetmivdlesoy|oxy. 4znathyenayioyloxyalbony | |
2- met hykbut V{E@Oqumg%nWybvah@boy h?é&mlbﬂyzw'femm' L ¥hylZaleryl-

15chl or opr op f oro- 3-net
2- chl or o- 4- nexma chiare-Bymethyyalenyloy Grrpetny. tqmp@a%r%rmﬁwyl -3-oxa-

2- et hyl - 3- Oﬁé mi %etha xySiopy L2 3G xmﬁa -2-0xy,

PRI ES S SR 3T E S ?’ﬂwqrpas?ﬁogﬂ? bar ff@@rg 2-
1,1, 1-trifl ugem&yothﬂ-,tnf&:drbblz}bmwtzlﬂh@@h)étb Yipclytoxyefoasrample/every
ZOET ef %0 ed a preeferreg ré/ 2-h ng(?Cé% tyl22 88{)'¥AX?)(¥ 1, ‘?'THﬂLPOrE)ri RL»'%W ?,12,1 hexyl,

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

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

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

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

30
The polymers may also be substituted with a polymerisable or
crosslinkable reactive group, which is optionally protected during the
process of forming the polymer. Particular preferred polymers of this type
are those of formula | wherein R' denotes P-Sp. These polymers are

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



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

(=3- net hywobubylgesiBert. butyl, isopropoxy, 2-nethyl-proporErand od8s7

25met hyl but oxy. -CY1=CY2- is preferably, -CH=CH, -CF=CF- or -CH=C(CN)-.

Hal ogen is F, d, Br or I, preferably‘F,SCI or Br. 30 The polynmers may al so
be substituted with a polynerisable or crosslinkable reactive group, which
is optionally protected during the process of form ng the pol yner.

Particul ar preferred polyner f .this type are, thgs f formula | wherein
Rl denotes %—'@p.duf'ﬁ‘gs %’ﬁ@?gsﬂ?%"é%ﬁ&me&dﬁ“&r? &'ﬁ?@?& "@s semi conductors
or charge t rsemicontuctar eonapanemstotield arasslinkedmsdghentiews with higre gr oups P,
for exanpl & Lol UFRE! RBLIAY ahd high #ermat! hehahiEaNhPendihical I ocessing

t he pol yner o or a sem conductor conponent, to yield
crosslinked gebilitter filns with high charge carrier nmobility and high
thermag, mechanical and chem cal stability. Preferably the polynerisable or

éﬁgi‘a\hn ggb | Sw%é%%mel So@%eerfsta%?e b o0 Qiniptd érzooup\ PR PR -
1 0]

W7
—N I
O

7/ N\
CH=CW'-CO-O-, CH;=CW'-CO-, WHC—CH— = ©
0

WZQ (CHD1"O" | CH,=CW2-(O)is-, CW'=CH-CO-(O)s-, CW'=CH-
CO-NH-, CHp,=CW'-CO-NH-, CH3-CH=CH-O-, (CH,=CH),CH-OCO-,
(CH2=CH-CH_)2CH-0-CO-, (CH2=CH),CH-O-, (CH2=CH-CH_)2N-,
(CH»=CH-CH>);N-CO-, HO-CW*W>-, HS-CW?W®-, HW?N-, HO-CW*W?>-
NH-, CH;=CH-(CO-O)k1-Phe-(O)kz-, CH,=CH-(CO)k1-Phe-(O)k2-, Phe-
CH=CH-, HOOC-, OCN-, and W*W°W?®Si-, with W’ being H, F, CI, CN,
CF3, phenyl or alkyl with 1 to 5 C-atoms, in particular H, Cl or CHs, W2 and
w? being independently of each other H or alkyl with 1 to 5 C-atoms, in
particular H, methyl, ethyl or n-propyl, W*, W® and W® being independently
of each other Cl, oxaalkyl or oxacarbonylalkyl with 1 to 5 C-atoms, W’ and
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, ki1, k2 and ks being independently of each
other 0 or 1, ks preferably being 1, and k4 being an integer from 1 to 10.

10

15

20

25

Alternatively P is a protected derivative of these groups which is non-
reactive under the conditions described for the process according to the
present invention. Suitable protective groups are known to the ordinary
expert and described in the literature, for example in Green, "Protective
Groups in Organic Synthesis", John Wiley and Sons, New York (1981),
like for example acetals or ketals.

30

35 Especially preferred groups P are CH,=CH-CO-O-, CH;=C(CHj3)-CO-O-,

CH,=CF-CO-0-, CH,=CH-O-, (CH,=CH),CH-0-CO-, (CH2=CH),CH-O-,



| CCO- CH2=CW2- (0) kr, CW=CH CO (0)k3-, CM=CHwW2(CH2) _ CO NH,
CH2=CWL- CO- NH-, CH3- CH=CH 0-, (CH2=CH)2CH OCO-, 15(CH2=CH CH2) 2CH O 00-,

( CH2=CH) 2€b-2011/098@2=CH- CH2) 2N-, (CH2=CH CH2) 2N- 00-, HOpPCY\&W8010/0bi88TV\2V\B- ,
HWN-, HO CVWWB- NH-, CH2=CH ( C0-0) ki - Phe-(0) k2-, CH2=CH (CO) ki - Phe-(0) k2-,
PheCH=CH, HOOC-, OCN-, and WAWWSSI -, ''with W being H, F, d, CN, CF3,
phenyl or alkyl with 1 to 5 Catons, in particular H C or CH3, W and
20WB bei ng i ndependently of each other Hor alkyl with 1 to 5 Catons, in
particular H nethyl, ethyl or n-gopyl, W, W andW being i ndependently

of each other O, aal kyl or ox ca bonyl al kyI wth 1to5 Catons, W and
1. A8 being ingd endently of eag KH}—( or alkyl with 1 to 5 G atons,
Phe being 1,4V ;bféﬁyf&l'd'tlmtd V¢ optl nal2ly submtprotected derivatives nor e

orer b or Ahefspn PERNERBHrerctiarolips Beh %&éagfdaﬂ“?éﬁﬁm?%f%% Fre 10
Al terngtivel qf \Fl’nY'QX)ﬁ, mkaé%tfééﬂt?@ﬂ('@@c ﬂV@fQﬁCfY'ﬁ& &higr 6%53 xgfans .
non-reacti veahpdebxy pﬁo@pmdﬁew BRSTe fibHE frbResh E@fyﬁte%rnﬁ@msyla@cgwbd[:ng to

the 30 present |nven lon. Suitable protective groups are known to
ord| nary expert and described in the literature, for exanple in G een,
"Protective RoRupsisatioprafgroup & cambeicattied obihastidrdinganin&bsls thiataréor k

(1951, 1L R ol ind e P T g, rOAAR 7000 T

( CH2=Cyy2CH D oosroe(rcezﬁnayl R 0. Mol, Magrogob Ghem\i 99 182, 5%nd
W2 ( CH2) ki - 0-
The term "spacer group" is known in prior art and suitable spacer groups
Sp are known to the ordinary expert (see e.g. Pure Appl. Chem. 73(5),
888 (2001). The spacer group Sp is preferably of formula Sp'-X', such that
15 P-Sp- is P-Sp'-X'-, wherein

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

20 replaced, in each case independently from one another, by -
O-, -S-, -NH-, -NR-, -SiR°R®-, -CO-, -COO-, -OCO-, -OCO-
O-, -S-CO-, -CO-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-, -CO-, -COO-, -OCO-, -0-COO0-, -CO-NR"-, -NR"-
CO-, -NR%-CO-NR%-, -OCH,-, -CH,0-, -SCH,-, -CH,S-, -
CF,0-, -OCF»-, -CF5S-, -SCF,-, -CF,CHj-, -CH,CFo-, -
CF,CF,-, -CH=N-, -N=CH-, -N=N-, -CH=CR"-, -CY'=CY%, -
C=C-, -CH=CH-COO-, -OCO-CH=CH- or a single bond,

30

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

atoms, and

Y'and Y2  are independently of each other H, F, Cl or CN.
35



, or protected derivatives thereof. Further preferred groups P are
sel ected fromthe group consisting 5of vinyloxy, acrylate, nethacryl ate,

f | uor oacrybabayjosghBor acryl at e, oxetan and epoxy groups, pCeEmRP2@oAbBmEAbI y
froman acrylate or nethacryl ate group. (golyrrerl sation of group P can be
carried out according to nethods that & known to the ordi nary expert and
described in the literature, for exanple in D. J. Broer; G Challa; G N
Mol , MacronmoL Chem 1991, 192, 59. The term "spacer group"” is knovvn in

prior art ang, .suit c he~er expert
(see e.g. P s%ﬁera@xeﬁa %8@886&%1)ﬁﬁe§ é% C% oUp
s
plriffarabl y OfCH&- mS(éFﬁp-CbKéCHsuc(k‘aFini , T 18eCF i-s- CFF&FZL,XC Mherel n Sp is
al kyl ene wt 0 2_U S
. tu’?egpbychﬁlq CC"I’-HTE'R WQW (‘:\3 1%1@ 6:'5%?9‘35 anHDiﬁoparﬂéular

pol ysubs | SO pOSéI Tor one or

CN,
nor e non- adj &ten®- d'-‘ii‘cgrtﬁmS'QY) l%ar%BQ'&c%H‘d '%aéﬁg'l?rcpé@ r'|"‘-‘rﬁ’oIependentIy

from oge anoér‘%bdlrﬁéfnt-xﬂs a grdup thits, ablélfb formr aicBAjuRated Sdtefn, SucROO-,
-000-, -000- CC in such a manner that O

and/or S atoﬂ% -Gre- HBfCT(l né?d af ?e%’?@? b[0880ne another, Xis -0-, -S-, -CO,
-000-, -000-, -0-000-, -CONR-, -NR- CO, -N e CO-NR-, -OCH2-, - CHZO- ,

hor: ~ eypea (EAs oo o R - CATZUOn AR C BB

-000- CH=CH 6H2EHei Sr§l R Gldmcr QHaﬁ(h"bFQ‘lHr@HBCﬁUeﬁéfmﬂStﬁ R/ -&pedtth Rt her H or

al kyl ypth 1béﬂgla’n ﬁtégi(&%mw> ¥4, %‘Bém‘ézéﬁ Mité duetaw afR®a%d ot her H,
F, d or CN refera 2-, -CH20-, -SCH2-,

- CH2S-, -CFZB— hawt‘ﬂéhe megty SQ'VSCFaZS\O"e CHZCHZ- -CF2CHZ- - CH2CF2- |
-CFZCF2- - - N=CH, -N=N, -CH=CR-, -CY1= CY2- - C= C— or a si ngle

pr o brr deé‘éh'f,%%'rrﬁéramstps B 5 SHTR ne b s Bl %Rf’LSSI ed

system suchhexyieneO‘tGptVMﬂe ootrylesnesmngy@nboddcylwm undegylentys Sp' are, for

_e)éa_llgpc:_l %%g&ylené %g&%#%?él et%%ﬁﬁ@xyethyl@h@%ﬂ%l%@%utﬁéne

ethylene—thloet ylene, e hylene-N -me hyI iminoethylene, 1-
methylalkylene, ethenylene, propenylene and butenylene for example.

The units of formula | are preferably selected from the following formulae:

20
S S X/KY X/KY
25 ' ! >>i<< ’ >_>__<<
Y Y Y Y
R R R R
A B C D
30
wherein X is S, Se or O, and Y is CH, CR* or N, and R and R* have
independently of each other one of the meanings given in in formula | or
one of the preferred meanings as given above and below.
35 The polymers containing units of formula |, especially those of formula Ii,

are preferably selected of formula lla



10being an integer from2 to 12, q being an integer from1l1l to 3 and R and R
havi ng the neani ngs gi ven above. Preferred groups Sp' are ethyl ene,

propyl enewolwiloene, pentyl ene, hexylene hept yl ene, octryirareo1000138t ene,
decyl ene, undecyl ene, 15dodecyl ene, ecylene et hyl eneoxyet hyl ene,

met hyl eneoxybut yl ene, et hyl ene- thloet

et hyl ene- N- net hyl -i m noet hyl ene, 1- nethylalkylene, et henyl ene, propenyl ene
and but enyl ene for exanple. The units of formula | are preferably sel ected

fromthe follow ng fornul ae: A wherein Xis S, Se or 0, and Y is CH,
CRx or N, an 2R and Rx h |nd Edently of each ot her ony of the meani ngs
given inin f Ia(1b‘ )0r e lof |t preferred neani ngs as gi ven above and
bel ow. - 21 - R2 [ ( (Ar)y (A). )rdn R3lla wherein A, Ar, m n, x and y
have the neanings of formula | and I, and R2 and R3 have independently of

each ot her one of. the meanin f Rl ref erabl | ogen, or denqgte H,
CGRalg - CHOVhet@R A T, &, kedy ha) e B R R o R,

-B(OH) 2, or P-Sp, vvhereln P and Sp are as defined in fornula |, and R, R
and R' have inde f.th | f 1gi ven in
formula I, 'ﬁ ﬁaﬂﬂ% ?ho%yei? tl\? %’lgﬁgﬁ‘eﬁl %@ttﬁg%égﬁﬁgg étero atom
to which they are at preféraly haloges, pbd?h@teé‘l a@d‘anl,l 1€gHO0- @HéCtHze pr esent

invention, the totalg fi Rt JgrgRUN R'PLB lo¥ Fagpvery
pref er ably 10, nost p?ﬁ?teqrqab?é r%'gd@ ah(?FQr ef Bt(éwo %P‘ o@o d\fen?p

prefer ??l y up to 1, 0ubereigf aB? @fFE?E?o?%/dﬂEFEE%meOGDB ﬁ@ﬂlﬂ
conbi nati on of the aRonrRNhdependémwesf sath otheebné iofiths méarnngs of R°
given in formula I, and R’ and R" may also form a ring together

with the hetero atom to which they are attached.

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

20 : .
The polymers of the present invention include homopolymers and
copolymers, like statistical or random copolymers, alternating copolymers
and block copolymers, as well as combinations thereof.

25 Block copolymers may for example comprise or consist of one or more
blocks formed by units of formula | and one or more blocks formed by
units Ar, wherein Ar has one of the meanings as described above and
below.

30 Another aspect of the invention relates to monomers of formula la
R%-A-R® la
wherein A is a unit of formula | or selected from its preferred subformulae

35 or preferred meanings as described above and below, and R? and R®
have the meanings given in formula lla.



The pol yners of the present invention include honopol ynmers and copol yners,
| i ke statistical or random copol yners, alternating copolyners and bl ock
copol ynerwo 2061/008118 as conbi nati ons thereof. Bl ock copolpymipsommyskor
exanpl e conprise or consist of one or g)%e bl ocks formed by units of
formula | and one or nore bl ocks formed%y units Ar, wherein Ar has one of
t he nmeani ngs as descri bed above and bel ow. Anot her aspect of the invention
relates to nmonomers of fornmula la R2-A-R3la WO

2011/ 098113PCT/ EP2010/ 007887 - 22 - Especially preferred are nononers of
formula |a wherein R2 and R3 are, preferably |ndependently of each ot her,
sel ected f rcErspémalg/r mte;ﬁenedaremmy)mérs@f fanulaI la Wheresy Ribad R are,f | at e,

0- | at SAR7

Czngs%( ;3)e2 pre guﬂhgpeg i%fgfe erei n (Zﬁ.ggre sé 8¢ @Z@gyst{%geo
consi sting ol &rklIO-4esylatey O-trilaie, %énwl@tes anena@ateub%MQzEte%l &dmd- two
groupss Z2 ey @bgz fB(@zészcyeszg_r PLPC=CH arlPd eeﬁezénl thkanrzéﬁea%bl ng units

of formula I, noMers o formula 11

T elanied o Ihe rEUE cPnsbing o 31/ had 5, S5t B S tgn Ayt & b

enbodi ment s: sutiéht@ted ¥Adawe grelips Zéendy alsoJornba eyalic@rogmd X2 and X4 are
selected fromCH, CRx and N, 15- X2 and X3 are selected fromsS, Se and O,
and X1 and X4 are selected fromCH, CRx and N, the groups of X1-4 sel ected
fromsS, Se aRreférabiynthesrepeating units affferrguladpsndthexmanaseersmfddrmulam S, Se

and 0 not e denote 0,
t he grggps o#asézad éggrﬁ l'ect eé%wélaq&ﬁ&g% %ﬁf\rﬁﬁt@%ﬁ? (rag g e %‘bté@ﬁoﬂq
groups of Xithe folpwingelistiof preferedgm aﬂlmem- #enote CRx, the groups of X1- 4

Zglngftee&f ' o_m X angRX3 are seleg g(#om '§ 52e5anc§q) aanCéI:I %133913 )8tare seleacrt]gd X2 and X4
from CH, CR* and N,

15 - X2 and X2 are selected from S, Se and O, and X' and X* are selected
from CH, CR* and N,

- the groups of X' selected from S, Se and O denote S,
- the groups of X' selected from S, Se and O denote Se,
20 - the groups of X' selected from S, Se and O denote O,
- the groups of X" selected from CH, CR* and N denote CH,
- the groups of X" selected from CH, CR* and N denote CR”,
- the groups of X" selected from CH, CR* and N denote N,
25 - X'and X®denote S, and X? and X* denote CH,
- X' and X* denote S, and X* and X* denote CH,
- mis 1andyis 0, thereby forming a repeating unit [A],

- mis 1andyis 1, thereby forming a repeating unit [Ar-A],

30 - m s 2, and in one sub-unit ((Ar)y-(A)x) y is 0 and in the other unity is 1,
thereby forming a repeating unit [A-Ar-A] or [Ar-A-A],
- m s 2, and in one sub-unit ((Ar)y-(A)x) x is 0 and in the other unit x is 1,
thereby forming a repeating unit [Ar-Ar-A] or [Ar-A-Ar],
35 - Aris an aryl or heteroaryl group which has electron donor properties,

including but not limited to aryl and heteroaryl groups selected from the



X1 and X4 denote S, and X2 and X3 denote CH mis 1 and y is 0, thereby
formng a repeating unit [A], mis 1 and y is 1, thereby formng a

repeat i ngwonoti/dodeisAl, 30mis 2, and in one sub-unit ((ACKHEPeAPPOWSTS 0 and
in the other unit y is 1, thereby form a repeating unit [A-Ar-A] or
[Ar-A-A], mis 2, and in one sub-unit"4{Ar)y-(A)) x is 0 and in the other
unit x is 1, thereby formng a repeating unit [Ar-Ar-A] or [Ar-A-Ar], 35-
Ar is an aryl or heteroaryl group whi ch has el ectron donor properties

S b B o ) Sy 2o
t hi enol 3, 2- b]b]thloplm-Zzs@yd,l Menq{hﬁdﬂﬂ[lapmnﬂ-,ﬂtﬁ d!yh@edselmﬁhemow 2-
sel enophenof[ 3, @ ﬁéh%ﬁh@ﬂg@gr}ﬁ gérgﬂb?‘heno[z 3-b]selenophene-2,5-diyl,

sel enophenol 2, eno
sel enopheno[ 3, ael@m@mh@m{g;?ebhh@pbepe 2,56l neaiererhenai23-blthigphene-
52, 5-dsyl, benzeldiyRpBnopt,-bl4l5tHjdnA n&ﬁGfﬂ Izﬁd%uepheh@mene, 2, 2-
di el eno Ef‘iﬁezﬁ?e%ﬁapﬁéea @ﬁmgn?wd% B3 féﬁﬁ’sz %ﬁwﬁ AinySlobental2, -
Lpdggex[ é,ltZ)_ bh:3, f}bll]dnlmbbhepéejﬁ-diyln mwthueln@yb{;a?rbazo:ez}zw -di-thien-2-

) . , IS al O ,
102, 7-di -t hi en '31 %vdﬁgéﬁ%'?‘im? Bh%ég’]ﬁﬁﬁ?ﬁﬁénﬁeznéq""é: 7-di -t hi en- 2-yl -
benzo[ 1", 2": 4, lSemiq[$'* 244, F4hb5a55' s (s]l6lof8, B:1s3' Z—Ulmuohhem)eaé)diyl 7-diyl,
2, 7-di yghi en- 2yl a.&h%?@ﬁywmefoemgsz% 56dbfdnfmcqarréfeb@z%ﬁt .é.hlzgl which are

unsubst I'tuted, tjituted, preferab or RY as

defi ned above @Wcﬂé" dwi, qg-:f’ r4 P doig(silaiol3, 2(93%1%]%8?9?”%%%&&'6% ch has
el ectron accepp qtdlghm?ﬁzlyll.(p‘henaﬁﬂirdpl T(ggla.lb,d}gfg]dambéﬂﬂetall ef whiohnd

het er oaryl groups sel e d fromthe ro of, 4 Il en-2-yl -
benzol 1. 3. 31t ntseat iy bEMceE o pBYRuBSDtsEh Patef et Wit R i
3, 4- di f I uor ot hRb pbaietin2dSatmtivel andeélow th| en-2-yl -t h| eno[ 3, 4- b] pyra2| ne,

5, 8-di 1 hi en-2-yl - qui noxal i ne, 20t hi eno[ 3, 4-b] t hi ophene-4, 6-diyl,
4, 6-di -t hi en- 2Ayis-amiagior 31949'19]3[%959% ich has electron acceptor properties,

including but not limited to aryl and heteroaryl groups selected from the
group consisting of 4,7-di-thien-2-yl- benzo[1,2,3]thiadiazole, 4,7-di-
thien-2-yl-benzo[1,2,3]selenadiazole, 3,4-difluorothiophene-2,5-diyl,
2,5-di-thien-2-yl-thieno[3,4-b]pyrazine, 5,8-di-thien-2-yl-quinoxaline,

20 thieno[3,4-b]thiophene-4,6-diyl, 4,6-di-thien-2-yl-thieno[3,4-b]thiophene,
thieno[3,4-blthiophene-6,4-diyl, 6,4-di-thien-2-yl-thieno[3,4-b]thiophene,
3,6-di-thien-2-yl-pyrrolo[3,4-c]pyrrole-1,4-dione, all of which are
unsubstituted, or mono- or polysubstituted, preferably with R, R' or RY

o5 as defined above and below,

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

- Aris selected from aryl or heteroaryl, preferably selected, on each

occurrence identically or differently, from the group consisting of

30 selenophene-2,5-diyl, thiophene-2,5-diyl, thieno[3,2-b]thiophene-2,5-
diyl, thieno[2,3-b]thiophene-2,5-diyl, selenopheno[3,2-b]selenophene-
2,5-diyl, selenopheno[2,3-b]selenophene-2,5-diyl, selenopheno[3,2-
b]thiophene-2,5-diyl, selenopheno[2,3-b]thiophene-2,5-diyl, benzo[1,2-
b:4,5-b'|dithiophene-2,6-diyl, 2,2-dithiophene, 2,2-diselenophene,

35 dithieno[3,2-b:2’,3"-d]silole-5,5-diyl, 4H-cyclopenta[2,1-b:3,4-
b’ldithiophene-2,6-diyl, 2,7-di-thien-2-yl-carbazole, 2,7-di-thien-2-yl-



t hi eno[ 3, 4- b] t hi ophene-6, 4-diyl, 6,4-di-thien-2-yl-thieno[3, 4-b]thiophene,
3,6-di-thien-2-yl-pyrrolo[ 3, 4-c]pyrrole-1,4-dione, all of which are
unsubst i twbed11/081180n0- or pol ysubstituted, preferably wcrhkpRioBi7ser RY as
defined above and bel ow, 25- Ar is opt;g aIIy substituted by one or nore
groups R, Rl or RY as described above “below, Ar is selected fromaryl
or heteroaryl, preferably selected, on each occurrence identically or
differently, fromthe group consisting of 30sel enophene-2, 5-diyl,

t hi oph t hi 3 ' - -2 5-.diyl,

th: ggo[ege?) 13]f?"ff¥/r8 ﬁe‘ﬁ'lgggg oﬁ@gégﬁoﬁﬂﬁﬁgﬁgﬁﬁglcﬁwsa enophene2, 5-di yl ,
sel enopheno[ 2, Berdof ¢1,214 41 6":2, Slis(pllolofkR-dndidnithigpizene)-2,7-diyl,

o) RLophenc: 2.5 dhiiori2 RARRRSRGI 2.y SELOVIARSR, & kool 1. 2-
35di t hi eno[ 3, 2benzo[132: 6]%41 5l éa%]lsswkylpfg aﬁéﬁmyuﬁpla?rze) f 16-ciyla-

bl di t h ophene- 276d|0lhsém2 %)h@hahfﬁr@j’! -0,918-6  HAgPrbazbld - 47-dithea-2- Y - -

24 - fluorene, ace) Whiia Z'Q?‘? 21&;'? E%ﬁ%eﬁ{g[?ﬁﬁ)ﬁﬁ'@ﬂ@?'a}dﬁ iyl

benzo[ 1", 2" 4Y5|Be

2, 7-di - t hi en- 23>4Ld|ﬂ0daﬂle|ophéné-2)551|)6 bI5dditthiempPrghthieno[3,4-b]pyrazine,
2,7-di-thien-2:

4", 5": 4" 5]bi s?ié"?etﬂﬁﬁqg%é"g‘“‘o“%%""%ﬁ‘he"%% bhigpheng-4,6-diyl, 4,6-di-
52 /- d' -1 i en- thign-2pyidnienotd.fbifhicphere, hianel% 4-pitbiamienetad-diyl6h-- t hi en- 2-
aengol 1. 2, diiuadigagefofsta byoditne sd-ul trikenoahbyfolliad.cnad! azol e,

3 4 di uorothlophene hi en- 2- b] pyr azi ne,
5, 8- di - t hi en- 2¢clpyrrgle- ﬂd‘x‘é‘loinﬁea" oh whigh areungubsti \éﬁﬁ‘én@' @O%QUPS/I
4, 6-d

i thi en- 2- yhishbsetafed, préfrabippiieiR, R br Ricisdefinektdicvehans- 6, 4- di yl ,
6,4- 10di-thie % | -t hieno[ 3, 4-b]thi ophene 3,6-di-thien-2-yl-pyrrol o[ 3, 4-

c]pyrrole-1,4- all of which are unsubstituted, or nono- or

pol ysubst““teg is B ’F'e@% 8obleret ath,ealeB%b%,vvgém? £e¢|g§@|é£?%% apd ! ow

nis atgl east ast I"éa 0, and
up 15to 2 000, tcpZélU@r mfyramyuatgtﬁ@o Mvis at Ieast 5, 000 preferabl y at
| east 8, 000 very preferably at |east 10,000, and preferabl P/ to 300, 000,
very pref er abl Mwijs atdeasid @é@ preferably at least 8,000, very preferably at Ie st

10,000, and preferably up to 300,000, very preferably up to 100,000,

- Ris primary alkyl with 1 to 30 C atoms, secondary alkyl with 3to 30 C
20 atoms, or tertiary alkyl with 4 to 30 C atoms, wherein in all these groups
one or more H atoms are optionally replaced by F,

- Ris aryl, alkylated aryl or alkoxy aryl with 4 to 40 C atoms,

- Ris -CO-RY, -CO-O-R’, or -O-CO-R’, very preferably -CO-RY or -CO-O-
25 RY, wherein R is straight-chain, branched or cyclic alkyl with 1 to 30 C
atoms, in which one or more non-adjacent C atoms are optionally
replaced by -O-, -S-, -CO-, -CO-O-, -O-CO-, -0-CO-0O-, -CR’=CR%- or
C=C- and in which one or more H atoms are optionally replaced by F,
Cl, Br, | or CN, or RY is aryl or heteroaryl having 2 to 30 C atoms that is
30 unsubstituted or substituted by one or more non-aromatic groups R' as
defined in formula |,

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



Ris primary alkyl with 1 to 30 C atons, secondary alkyl with 3 to 30 C
20atons, or tertiary alkyl with 4 to 30 C atons, wherein in all these
groups ongoanimegAa3H atons are optionally replaced by FpcTRP2G10B0I8ET

al kyl ated aryl or alkoxy aryl with 4 tg, 40 C atons, Ris -COR, -00-0-R
or -OCOR, very preferably -CO RY or -2 o 25RY, wherein RY is

strai ght-chain, branched or cyclic alkyl with 1 to 30 C atons, in which one
or nore non-adjacent C atons are optionally replaced by -0-, -S, -CO

-00-0-, -0-CO,-0-Q0-0- . 2GR ) SCR-. Of - i i ch H

atons are opt i%yn§|-K‘3ﬂ?bp¢§c'g§&b§WW$fetﬁO‘? 'SBQ',1’I£?)£ 4|C9r:{ g\g‘lfec%f’?%{e?r%lylrg?gre

het eroaryl havi pg22ahd R0 RE andRE até independontis abeach othet @rCsublkyl, t ut ed by
: : . : i ) | v :

o kyt w1 BRI By ORI, BichlT: bBRthally %ﬂ{iﬁ“ﬁ%" Ry oot S ondary

al kyl with 3 tmogdF@tamsmgndovhérgin patignallyigne e Rh R"aad R isH, 30 C

atons,gwherein_in all these groups one or re Hatons are 35optionally
repl aced by +,R’is anyl oralkpélptgga qd’)”é) i‘CﬁQ%R@,m%erei noiso0 1, 2, 3, 4

or 5, very preferab 0, or % nd Ra, Rb and Rc are independently of
each ot her m-%lﬁ-%JL%W'?h\]?etPﬁ Pé%?‘ébw Cl- C8-al kyl, which is optionally

and Re is H - Ryand BT e Seledid T B Greur g™ 0730 C atons, R s
al kyl with 1 t@215@al AelecRdAinTs, RiSost!-8H,29 Ci98) lbALcH,-CLO-al kyl,
10 SIRR'R™, -SnR'R'R" -BR'R", -B(OR)(OR"), -B(OH)2, P-Sp, C1-Cz0-
alkyl, C4-Cpo-alkoxy, C2-Cao-alkenyl, C4-Cao-fluoroalkyl and optionally
substituted aryl or heteroaryl,

- R?and R®are, preferably independently of each other, selected from
15 the group consisting of Cl, Br, |, O-tosylate, O-triflate, O-mesylate, O-
nonaflate, -SiMe;F, -SiMeF», -0-S0,Z", -B(0Z?%), , -CZ°=C(Z*),, -C=CH
and -Sn(Z*)s, wherein Z'* are selected from the group consisting of
alkyl and aryl, each being optionally substituted, and two groups Z* may
also form a cyclic group, very preferably from Br,

20 - Ris P-Sp-.

Preferred polymers of formula Il are selected from the following formulae:

25
i

30

35



R2 and R3 are selected fromH, halogen, -CH2Cl, -CHO, -CH=CH2 - SRR'R ",
-SnR R'R', -BRR', -B(OR)(OR"), -B(OH)2, P-Sp, G -C20al kyl, Ci1-C20-al koxy,
C2- C20- alwenyi1,/098i13 C20- f | uor oal kyl and opti onal | y subst ipCutepdoi@ioyissor
heteroaryl, R2 and R3 are, preferably é@(_iependently of each ot her,

sel ected from 15t he group consisting of , Br, I, O-tosylate, O-triflate,
0-nesyl ate, 0- nonaflate, -Si Me2F, -Si MeF2, -0-S0271, -B(0Z2)2 ,
-CZ3=C(Z4)2, -CCH and -Sn(Z4)3, wherein Z1-4 are selected fromthe group
consi sting of al kylgRjand aryl, each being optionally substituted, and two
groups Z2 may also fforma cyclic group, very preferably fromBr, 20- Ris
P-Sp-. Preferred g mers of fornmula 11 are selected fromthe foll ow ng

formul ae: R1 R1 R1 2
5
10
H3
15
14
20
25
R1
8" R3
R4 115
) 7
0 S "t
3 S
R2

35



10 15 113 R2 R1 25 R1 R2

WO 2011/098113 PCT/EP2010/007887
-27-

(5]

5
10

7
15
20

18
25

19
30

35



- 28- R R1 10 15 wherein Rl, R2, R3, R4, R5 and R6 have

I ndependently of each other one of the neanings of Ras given in fornmula 1
or sel ectwo 2bri9stibe preferred neani ngs of R as descri bedrarovenanssds bel ow,
preferably wherein RL and 20 R2 indepe%%ntly of each other denote -CO R
or -COO-RY wth RY being as described "&ove and R3, R4, R5 and R6

I ndependently of each other denote Hor R Very preferred pol yners of
formula Ila are selected of the forrmula 25

{110
5
10
1
15

wherein R1, R2, R3, R4, R5 and R6 have independently of each other one
of the meanings of R as given in formula | or selected from the preferred
meanings of R as described above and below; preferably wherein R1 and

20 R2 independently of each other denote -CO-R” or -COO-RY with RY being
as described above and R3, R4, R5 and R6 independently of each other
denote H or R”.

Very preferred polymers of formula lla are selected of the formula

25
R%chain-R®
wherein "chain" is a polymer chain selected from formulae 111-1111, and R?
and R® have one of the meanings of R? and R? given in formula lla or one
30 of the preferred meanings of R? and R® given above and below.

The polymers of the present invention can be synthesized according to or
in analogy to methods that are known to the skilled person and are
described in the literature. Other methods of preparation can be taken

35 from the examples. For example, they can be suitably prepared by aryl-
aryl coupling reactions, such as Yamamoto coupling, Suzuki coupling,



R2- chai n- R3 wherein "chain" is a polyner chain selected fromformnul ae
111-1111, and R2 and R3 have one of the neanings of R2 and R3 given in
formul a Iwe 201r1/@8a3300f the preferred neani ngs of R2 anecRipgeremnrsgbove and
bel ow. The polymers of the present invention can be synthesized according
to or in analogy to nethods that are Krnowih to the skilled person and are
described in the literature. Qther nethods of preparation can be taken
35fromthe exanpl es. For exanple, they can be suitably prepared by aryl-

aryl coupling.reactions,. such Y, upl i | upling, - 29
- Stille coLr%ﬁ"{enaeu%a%&%mgﬁaﬁﬁa&%ﬂ?ﬁ@iﬂé@&@%ﬂ%ﬁ ‘%g‘g‘lfﬂ"@ljghml d

coupl i ng. SuzuglingoSpizukigceunlingaanthyamamotpldougling aresppetially y pref erred.
5The m)norrelrﬁr \fé‘pr&ljl are polynerised to formthe repeat units of the

pol ynmers ca Be prepared according to nmethods which are known to the person
skilled in the art. Preferably the polynmers are prepared from

m)gogei}s s of A‘h@% Eﬂ&rﬂ:dwér&{vhi%hsetnrﬁ%mﬁéﬁf@ﬂt@fﬂ?ﬁﬁih@&@béaﬁﬁ?ﬁbéﬁtﬂebed_ above

and bel ow. Anot her aspect o invention isg a prpcess for pr ring a
pol yrrer by cBRIMMERS CARPPISRATES ARESREING. {6 methgds RTINS g s of
formul a | orpemoanskilledoh therartil a 1a with each other and/or with one or nore
15conmononers in a polynerisation reaction, preferably in an aryl-aryl

coupling reaction. Sui tabl e and preferred conononers are those of
the fornul a Rosterakly B palymsrs ase prepargddrars naeromersief forratlaalsonkits

Preferqgd me,igdsed @mbstiniBits 88'delBribé® abbes antitadbwg to C G coupling or

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

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

Suitable and preferred comonomers are those of the formula
20 R%-Ar-R?
wherein Ar, R? and R® are as defined above.

Preferred methods for polymerisation are those leading to C-C-coupling or

25 C-N-coupling, like Suzuki polymerisation, as described for example in WO
00/53656, Yamamoto polymerisation, as described in for example in T.
Yamamoto et al., Progress in Polymer Science 1993, 17, 1153-1205 or in
WO 2004/022626 A1, and Stille coupling. For example, when synthesizing
a linear polymer by Yamamoto polymerisation, monomers as described

30 above having two reactive halide groups R? and R’ is preferably used.
When synthesizing a linear polymer by Suzuki polymerisation, preferably a
monomer as described above is used wherein at least one reactive group
R? or R® is a boronic acid or boronic acid derivative group.

35 Suzuki polymerisation may be used to prepare homopolymers as well as
statistical, alternating and block random copolymers. Statistical or block



25C- N-coupling, |ike Suzuki polynerisation, as described for exanple in WO
00/ 53656, Yamanoto pol yneri sation, as described in for exanple in T.
Yamanot o w0 2ai1/0908R@80gress i n Pol ymer Science 1993, 17, PC53Pr@050m87i n WO
2004/ 022626 Al, and Stille coupling. Fo% exanpl e, when synthesizing a

| i near pol yner by Yanmanoto pol yneri sat 91,' nmononers as descri bed 30above
havi ng two reactive halide groups R2 and R3 is preferably used. Wen

synt hesi zing a linear polynmer by Suzuki polynerisation, preferably a

9 ! . . . RO
o RS 15 a baEekFa b AispaRiotekaidle fom fEEAnAREHToRgEIe B OUP
pol ymer i sat i fonmuitey lsbwhewia ang ertépaﬁécmwmpwﬁr@gg Jehalogenanst i sti cal ,

al ternating t%'éd%tHEPFé%dti@B BUB 998! B6TBAE-ackl 8F bsidridhcia'ddivatite grod?. -
copol yners can be prepare

for exanple. fromthe above nononers of fornula
o Whor ei n ohee sYnibess ehstaligioal aliguatied and bieck CORAYTEE S HRSCTREdot her
reactige grojdétail forxzmnple inAND 08/048225IA2 GeMD @E0BXI4688 A2 oup. The
synthesis of statistical, alternating and bl ock copolyners is described 5in
detail for exanple in WO 03/048225 A2 or WD 2005/ 014688 A2. Suzuki

pol ynmer i sat i Snzekipdobyrmeasairopmpdoys @ d(0) corfplekior asBifll) shitePeefeeedPd( 0)

I ; . ) .
pd(Phap 4. - ARS(TIRPERes Bl Mloscboonra'Rt IBIEHN: PRorhiAg fpaHa Bueh as
10t ol yI ) phosPBH{RfeP)a.. Anotha( prefemred phospghinerlig@ndds tis(oghpt s i ncl ude
pal | adigm acﬁ)tl)@;ﬁvosiphﬁle,'?@( ﬁﬁ@éﬂ'ol)?jyp#éférr@@hd(@féaﬂﬁih@!ﬂldbspélﬁﬂflﬁﬁm‘«‘d in the
presence of a se, faqr agpl e sodi um car banat e, ROt assi U{Sq phosEBat e or an
br gani ¢ baseaceiate.i. FAOAGH TurR AP NMEtsAioR s bty SRIPSREF? sat | on
enpl IOyS a N 6Pa b@@&ﬁfoeexahmlesnd'rmh eatbar(ate SpotasSsiym _plm@s;ﬂditenylahf n; ckel I(0) .
As ternatives to [ s of fornula
-0- gOZZl cano[ﬂ?qﬁ%Qag%v%ggﬁ%ﬁqégg:ég]%ésrnﬁg)sn@?ﬁ\égab ‘%’ﬁagve?g'ﬁgﬁ‘?{gm ar exanpl es
of such | eavpolymgrisationaneploys v Ni(@) corsplgxafas example bis(ade. Especial ly

sui t abhe andfgélﬁé@gaﬁq,ﬁgn%fmf nmet hods of the repeating units and

nmononers of r nd their hono- and co-polyners of fornula Il
and Ila, are illustrated in the synthesis schenmes shown hereinafter.

Ther ei nt Ri SA@SaAféeﬁ%m%@ tbm%@gmé ?s gesgriﬁwéhgibdé@tlﬁaﬁhg@w%ﬂgf gmhuﬂagr t Ih_e
reparatli on o =40l DI QND- Denz L . - | ene- -dl cal boxX | C
DT E b s (01 ROrs0t san b isk BRefeit 7' & A5 iednibedafBYS " Paricih Y

examples of such leaving groups are tosylate, mesylate and triflate.

20
Especially suitable and preferred synthesis methods of the repeating units
and monomers of formula | and la, and their homo- and co-polymers of
formula Il and lla, are illustrated in the synthesis schemes shown
hereinafter. Therein R is as defined in formula 1.

25

A suitable synthesis method for the preparation of 4,8-dibromo-benzo[1,2-
b;4,5-b'[dithiophene-2,6-dicarboxylic acid bis-(alkyl) ester is exemplarily
shown in Scheme 1.

30 Scheme 1 - Synthesis of 4.8-dibromo-benzo[1.2-b:4,5-b'ldithiophene-2,6-
dicarboxylic acid bis-(2-ethyl-hexyl) ester

35



30Schenme 1 - Synthesis of 4,8-dibrono-benzol. 1, 2-13: 4, 5-bil dithiophene-2, 6-
di carboxylic acid bis-(2-ethyl-hexyl) ester WO

2011/ 098 M:8RGiN/JePAG 10/ 007887 - 31 - FeSO4. 2H20 / H2S@éT/EPR01RB07887

Ti (acac) 2 /tol uene 15 31
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o
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/\ﬂ/ Br /DCM Q
————>
EtOHINEta
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S N
R—0O S e}
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15

A suitable method for further functionalisation of 4,8-dibromo-benzo[1,2-
b;4,5-b']dithiophene is exemplarily shown in Scheme 2.

Scheme 2 - Synthesis of 4.8-functionalised-benzo[1,2-b:4,5-b'ldithiophene

20
R1 o o) R1
\B—B/ jz
2 ;:0’ ‘o N
Pd / KOAc O O
N 4
Br Br i[ B B, jlg
or o o
25 ii. BOR), A
R2 R2

The polymers can be synthesized by various organometallic catalyzed
reaction such as Yamamoto coupling (see e.g. Yamamoto, T.; Morita, A,;
30 Miyazaki, Y.; Maruyama, T.; Wakayama, H.; Zhou, Z. H.; Nakamura, Y.;
Kanbara, T.; Sasaki, S.; Kubota, K. Macromolecules 1992, 25, 1214-1223,
and Yamamoto, T.; Takimiya, K. J. Am. Chem. Soc. 2007, 129, 2224-
2225), Suzuki coupling (see e.g. Schluter, A. D. J. Polym. Sci., Part A:
Polym. Chem. 2001, 39, 1533-1556), or Stille coupling (see e.g. Bao, Z,;
35 Chan, W. K.; Yu, L. J. Am. Chem. Soc. 1995, 117, 12426-12435). The
homopolymers are preferably synthesized using Yamamoto or Suzuki



A suitable method for further functionalisation of 4,8-dibrono-benzo[1, 2-
b; 4, 5- bl di t hi ophene is exenplarily shown in Schenme 2. Schene 2 - Synthesis
of 4, 8-f wwotonmekiised- benzof 1, 2- b; 4, 5- bl di t hi ophene 20 Poe/rpodiymerss7 can be
synt hesi zed by various organonetal lic (‘.ﬁal yzed reaction such as Yamanoto
coupling (see e.g. Yamanoto, T.; Mrita;“A ; 30Myazaki, Y.; Maruyama, T.;
Wakayama, H.; Zhou, Z. H.; Nakamura, Y.; Kanbara, T.; Sasaki, S.; Kubota,
K. Macronol ecul es 1992, 25, 1214-1223, and Yamanoto, T.; Takimya, K J.
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coupling (see e.g. Bao, Z.; 350han W K; Yu, L. J. Am Chem Soc. 1995,
117, 12426- 1% i’a‘i%(e nTétﬁoBewepmevmapaw&rs%i.Sﬁ aRkYeopulriess Rth &4, 80

Yamanot o or | ustrat ed n t he nmes _bel ow.
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5bel ow, wher Ar. and are S defl n informula | and |1, At.' has one
of the msanltﬁ Jhganings of d% (g Ag@Y or 1. scheme 3 - Synthesis
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Synthesis of <ldfen! S0RRIPS HSRbBoRnets Br AHIBRAZ0[4:2B:415°-
1Adi t hi ophe
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Scheme 4 - Synthesis of alternating co-polymers of 4,8-benzo[1,2-b:4,5-

b'ldithiophenes
20
ZZNS 7 s
Pd/L
X; X, + X;Ar—X, — = A
tBase
25 S o SNGZ

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

30 Scheme 5 - Synthesis of random co-polymers of 4,8-benzo[1,2-b:4.5-
b'ldithiophenes

35



Z s Pd/L XAr-X2 Base X1 = Br; X2 = B(OR2 Xi = Br; X2 = SnR3 X1 = B(COR) 2;
X2 = Br Schene 5 - Synthesis of random co-pol yners of 4, 8-benzo[1,2-1):4,5-
Mli t hi ophwoes11/09¥¥D32011/ 098113PCT/ EP2010/ 007887 - 33 - PpCTAPING/00B3SE!

nmet hods of preparing nononers and poly s as descri bed above and bel ow are
anot her aspect of the invention. The pol‘yners according to the present

I nvention can al so be used in polyner blends, for exanple together with

ot her pol yners having charge- 15transport, sem conducting, electrically
conducti ng, photgconducting and/or light emtti ngRsem conducting
properties, or fgr exanple with polyners having hgle bl ocking or electron
bl ocki ng properties for use as interlayers or ch§rge blocking layers in
OLED devices. T anot her aspect of the pgven rIat t.0 a pol ymer

bl end conprixsi Qi+ Xpt-ar-pB] ¥ mersar28accordiT o,go _ sNvention
and one or nore ther pol ymers havi ng ori®®8r npre| of the above-nenti oned
propergies. Thege bl ends can be prepared by convégitonal nethods that are
art and|kposux t@@drye| skil | ed peRrson. Typically the

described in prio
polymers are mxexl wWith ea¢h =g x,=snR,

X, = BOR),; X, = Br

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

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

15 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

20 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.

25
Another aspect of the invention relates to a formulation comprising one or
more polymers or polmyer blends as described above and below and one
or more organic solvents.

30 Preferred solvents are aliphatic hydrocarbons, chlorinated hydrocarbons,

aromatic hydrocarbons, ketones, ethers and mixtures thereof. Additional
solvents which can be used include 1,2,4-trimethylbenzene, 1,2,3,4-
tetramethyl benzene, pentylbenzene, mesitylene, cumene, cymene,
cyclohexylbenzene, diethylbenzene, tetralin, decalin, 2,6-lutidine, 2-fluoro-
35 m-xylene, 3-fluoro-o-xylene, 2-chlorobenzotrifluoride, dimethylformamide,
2-chloro-6fluorotoluene, 2-fluoroanisole, anisole, 2,3-dimethylpyrazine, 4-



ot her or dissolved in suitable solvents and the sol utions conbi ned. 25
Anot her aspect of the invention relates to a fornulation conprising one or
nor e pol ywenrsiiamwspaoel nyer bl ends as descri bed above and permmaodosse or
nore organi ¢ solvents. 30Preferred sol%ggts are aliphatic hydrocarbons,
chl ori nated hydrocarbons, aromatic hydrotarbons, ketones, ethers and

m xtures thereof. Additional solvents which can be used include
1,2,4-trinethyl benzene, 1,2,3,4- tetranethyl benzene, pentyl benzene,

ityl , I ' I . lin,
Gocal 15 didisrasnl HiforgaNFor eRTRRE Ey B EbY AGHAEnsbR, 2! ' "
2-chl or obepzpherrie“td:lugFmdﬁ)ylaihsiebh@Fmeﬂ?yiaﬁi%§, 4-flupreBemethylaniselel aeng,
2-fl uor oani :@logob%_q%?srﬂrfp% @-ﬂﬁbFB\Pé‘?%tlFé(ll, Qw—%é%[%#gﬁ]so'é' 3_34 - fl uoroani sol e,

3-fl uoroani , Tl uoro-net hf\{ anj sol e,  2- ?/I ani sol e, phepetol,
4- et hyl ansifilasobsnzgiitije.ahdsdmethylanisglss ¢.4direthylanisale kenzenitrile,

f1 uor openzom brdikfsthahisers, N N-ginicthyladilibedetiyl bghasateol fluofo-35-
fl uorobenzonitri ée, 2, 5-di théhf}" | S?]ltﬁ 2é4Nd| nt%tg | ani,sol e, ,benzonitrile,
53, 5- di met hydiRIataxbeEnzeneqTeynaantigne NyethylRysOLdInong, 8r (or o- 3, 5-
di met hoxybenfgsrebedzoteflbytide pherriteferids; behhotriflyoride, diosams, 3-
fl uor obenzot ri.fl uorj i [ i | . dj osane,
trifluor onetﬁﬁ'ﬁ%?@gﬂ%ﬁ%ﬁ%ﬁ%ﬁ%r‘%ﬁ‘gﬁ%g ﬁf?tﬁﬁg‘?’?%ig@{d@g’ﬁgﬁ‘%m di ne,
t ol uene, 2- ftoluens, @-lieoretolaene udifloprabenzetriflugdde dé-flugretolueng; - uene, 4-
10i sops@py! bi ; hidinae ne, 2,5-
di fl uo?gt ol u'lgﬁéwtgﬂﬁ%ﬁ%y ?ﬁ@%\%t?e@?gggiggéﬂ—%ét?ﬂﬁfreg‘2;?— I di ne, 3-
chl or of | uor oBiHeEt@luenee ht Qfﬂ'#)&r‘ﬁﬁ'é?f? fBzene, ‘ﬂB?'E?pZ,”a-”
421-cm or OH uoemgmm@ﬂ@bemiﬁrm{,@b@mmolr@nﬁnzbher mhmml @5-5 _ f

- chl or of | uor,gbenzene, p-xylen n n - m xture of o-, m,
and p-i sorrerg'.%ugEﬂZQ%WFQBwﬁfw?qrépH?f%n%eﬁ%\/ﬁﬂé%gﬁﬂ%ﬂé’r > general ly
preferred. Fdichlongbenzend, 2-chigrafhiorebenzene; h-tyleyie, boixyleng, cenpeneacur es and
sol ventgm xt yr. pref 1 Spi ' ; : s like
xyl enet‘gnd to')ﬁélﬁégbg?é "gr (;%Trngfgésfﬁ%rSEgg%ﬁ@vg?gee%gg%&g{“ﬁ& prc'a ?r?ged
sol vent s i ncgeaerallyiprefried. e inkigtgrinting solvents with high boiling

temperatures and solvent mixtures are preferred. For spin coating
alkylated benzenes like xylene and toluene are preferred.

€dif | uor obenzene,

20 Examples of especially preferred solvents include, without limitation,
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

25 acetate, n-butyl acetate, dimethylformamide, dimethylacetamide,
dimethylsulfoxide, tetraline, decaline, indane, methyl benzoate, ethyl
benzoate, mesitylene and/or mixtures thereof.

The concentration of the polymers in the solution is preferably 0.1 to 10%

30 by weight, more preferably 0.5 to 5% by weight. Optionally, the solution
also comprises one or more binders to adjust the rheological properties,
as described for example in WO 2005/055248 A1.

After the appropriate mixing and ageing, solutions are evaluated as one of
35 the following categories: complete solution, borderline solution or
insoluble. The contour line is drawn to outline the solubility parameter-
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to a bignd of 'non' solvents that will dissolve both the polymers of the

pr esent inve{Jtion al t hough,.i t ?I)ri desirable t? have e‘t beast c*ione true
sol vent in al B¢ @RlYMe§ 2RRrYROpihe P VFIUPB GNLIHP 88HEY% 'Avent i on can
al so be usedpatterpetit@8Gddy€Sinlthg elevices ashdesteibedebore atesbelobedoabove and

bel ow. For appli LOAS ] : ' L el rally
desirabl e togé)fgl?éiiébgmi nﬁaﬁ&gﬁr‘ﬁé&é&%é&ﬁggg{ gg'lr‘%rs%”wgergg%g%gscost (nore
devi ces/ uni t gasenatepmadisirustyies o pasterns toiedupataost (mate deviees/initayer s
conpri §5ng a;RRY) VARA F_@%PE:QhEGmbﬁoﬁ.f’Paﬂ?éﬁrﬁfQ“bf ihilY RiyerPBompRAsiAg Farried out
for exanple %y 3’hot oli thograﬁ‘hél, el ectron _beam [ it hogr gpfm or | aselr
patterni ng. Polymer according to the present invention can be carried out for example

by photolithography, electron beam lithography or laser patterning.

For use as thin layers in electronic or electrooptical devices the polymers,
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
25 techniques include, without limitation, dip coating, spin coating, ink jet
printing, letter-press printing, screen printing, doctor blade coating, roller
printing, reverse-roller printing, offset lithography printing, flexographic
printing, web printing, spray coating, brush coating or pad printing. Ink-jet
printing is particularly preferred as it allows high resolution layers and
30 devices to be prepared.

Selected formulations of the present invention may be applied to
prefabricated device substrates by ink jet printing or microdispensing.
Preferably industrial piezoelectric print heads such as but not limited to
35 those supplied by Aprion, Hitachi-Koki, InkJet Technology, On Target
Technology, Picojet, Spectra, Trident, Xaar may be used to apply the



For use as thin layers in electronic or el ectrooptical devices the

pol ynmers, 20polyner blends or formulations of the present invention may be
deposi t edwbypoamgsaai t abl e nmet hod. Liquid coating of deviPCEEP2GI000TSE7

desi rabl e than vacuum deposition technigues. Sol ution deposition nethods
are especially preferred. The formul ati*0hS of the present invention enable
the use of a nunber of |iquid coating techniques. Preferred deposition

25t echni ques include, without limtation, dip coating, spin coating, ink
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such as subsjy lg %8Pk idhiiges afmréthwﬁéonrmtéur@r@hmmatéwér@haﬁwones
substituted ahd non-substituted N, N-di-Cl_2-al kylanilines and ot her

fluorinated or chlorinated aromatics. A preferred solvent for depositing a
pol ynmer accopdireteried sbloent fa¥ &lepositing a polymer according to the present

20 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
propyl group or three methyl groups, in either case there being at least

25 three carbon atoms in total. Such a solvent enables an ink jet fluid to be
formed comprising the solvent with the polymer, which reduces or
prevents clogging of the jets and separation of the components during
spraying. The solvent(s) may include those selected from the following list
of examples: dodecylbenzene, 1-methyl-4-tert-butylbenzene, terpineol

30 limonene, isodurene, terpinolene, cymene, diethylbenzene. The solvent
may be a solvent mixture, that is a combination of two or more solvents,
each solvent preferably having a boiling point >100°C, more preferably
>140°C. Such solvent(s) also enhance film formation in the layer
deposited and reduce defects in the layer.

35
The ink jet fluid (that is mixture of solvent, binder and semiconducting



20i nvention by ink jet printing conprises a benzene derivative which has a
benzene ring substituted by one or nore substituents wherein the total
nunber ofwoanhansatons anong the one or nore substituenpeTiEP2@i/obB8st

three. For exanple, the benzene derivallye may be substituted with a propyl
group or three nethyl groups, in eithér?case there being at |east 25three
carbon atons in total. Such a solvent enables an ink jet fluid to be forned
conprising the solvent with the pol yner, which reduces or prevents cl oggi ng

of the jets and separatjon, pf.th n o ' =\ The
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agents hydrﬁ)ﬂgg}g M sbitedhesi ve agents, flow inprovers, defoam ng
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auxiliaries, colourants, dyes or pignents, sensitizers, stabilizers,
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of the present invention are typically applied as thin layers or films.

Thus, the present invention also provides the use of the semiconducting
polymer, polymer blend, formulation or layer in an electronic device. The

20 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 use in an
electronic device, the layer comprising a polymer, polymer blend or

25 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 any of the aforementioned
solution coating or printing techniques.

30
The invention additionally provides an electronic device comprising a
polymer, polymer blend, formulation or organic semiconducting layer
according to the present invention. Especially preferred devices are
OFETs, TFTs, ICs, logic circuits, capacitors, RFID tags, OLEDs, OLETs,

35 OPEDs, OPVs, solar cells, laser diodes, photoconductors, photodetectors,
electrophotographic devices, electrophotographic recording devices,
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S5Especially preferre ectroni c device are OFETs, OLEDs and OPV devi ces,
in particular bulk heterojunction (BHJ) OPV devices. In an OFET, for

exanpl e, thepgetiy th OFV gevidus ting pelypiuielccbrding & tHd prabent hvehtonesir ce may
I exa in an OLED devi ce,
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excl usi vel y sémiconductase The petypetsesmicandiestyr isceansstidad byra RAWMET n-t ype
(el ectron acgepsAing to the present invention. The n-type semiconductor can be an
inorganic material such as zinc oxide or cadmium selenide, or an organic
material such as a fullerene derivate, for example (6,6)-phenyl-butyric acid
20 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, Vol. 270, p. 1789 ff and having the
structure shown below, or an structural analogous compound with e.g. a
Cyo fullerene group (C70PCBM), or a polymer (see for example Coakley, K.
25 M. and McGehee, M. D. Chem. Mater. 2004, 16, 4533).

30

CeoPCBM

35

A preferred material of this type is a blend or mixture of a polymer



sem conductor. The p-type sem conductor is constituted by a pol yner
according to the present invention. The n-type sem conductor can be an

I nor gani cwoabardogdizsuch as zi nc oxi de or cadn um sel eni ger/EPro@MoBEYani C
material such as a fullerene derivate, r exanple (6, 6)-phenyl-butyric
acid 20met hyl ester derivatized nethano O fullerene, also known as "PCBM
or "C60PCBM', as disclosed for exanple in G Yu, J. Gao, J.C Hummelen, F.
Widl, A.J. Heeger, Science 1995, Vol. 270, p. 1789 if and having the

Al erone oS RiaeRer e LSRN SRR RIS 54
and McGehee, fulerdne IleeRCBWt Brefe@ilyithelgitiogss@ner:R0lerate GGfmﬁlﬂ\m ta
preferred may %e@httmo%w&%réﬁy?roﬁﬁ@&%1m é@w?@}\ bl ymer - 39 -

accordi ng to enton er ene or nodified

ful | erene ||m@f@@mmrby wiedghty Fonthe biended anixives.: anippierai@nnealipgm 2: 1 to
1:2 byswei ghétfprmégﬂblérﬁéc% ahy'td 6|9trﬁ1ﬂze2blén& ehorpdhsloBy M iHseqtleaitly

preferably t he bl ended m xture, an optional annealing
5step nay beoﬁééggﬁ'ﬁﬁgf’eﬂ@rﬁmcﬁ ze bl end norpohol ogy and consequently OPV
devi ce performance The OPV device can for exanple be of any type known

(2006) ] 10 Ehated e Sord fon'SHabfe £ offny RRRpou i terafide 22007
preferred OD[\éeewchaldaofreh alg Applt Reypriette 89, 2838hT (2006)Eonpri si ng:

10

Figure 1 exemplarily and schematically depicts a typical and preferred

OPV device according to the present invention, comprising:

- a low work function electrode (11) (for example a metal, such as
aluminum), and a high work function electrode (12) (for example ITO),

15 one of which is transparent,

- alayer (13) (also referred to as "active layer") comprising a hole
transporting material and an electron transporting material, preferably
selected from OSC materials, situated between the electrodes (11,12);
the active layer can exist for example as a bilayer or two distinct layers

20 or blend or mixture of p-type and n-type semiconductor, forming a bulk
heterjunction (BHJ) (see for example Coakley, K. M. and McGehee, M.
D. Chem. Mater. 2004, 16, 4533),

- an optional conducting polymer layer (14), for example comprising a
blend of PEDOT:PSS (poly(3,4-ethylenedioxythiophene):

25 poly(styrenesulfonate)), situated between the active layer (13) and the
high work function electrode (12), to modify the work function of the
high work function electrode to provide an ohmic contact for holes,

- an optional coating (15) (for example of LiF) on the side of the low
workfunction electrode (11) facing the active layer (13), to provide an

30 ohmic contact for electrons.

Figure 2 exemplarily and schematically depicis a typical and preferred
inverted OPV device according to the present invention, comprising:
- a low work function electrode (21) (for example a metal, such as gold),
35 and a high work function electrode (22) (for example ITO), one of which
is transparent,



a low work function electrode (11) (for exanple a netal, such as alum num,
and a high work function electrode (12) (for exanple ITO, 150one of which

i s transpmoenii/oosasl ayer (13) (also referred to as "act ipce/Hrayieni)ss?
conprising a hole transporting material ,and an el ectron transporting
material, preferably selected from OSC Taferials, situated between the

el ectrodes (11,12); the active layer can exist for exanple as a bilayer or
two distinct layers 20 or blend or m'xture of p- type and n-type

sem conductor, form rjungcti. for e | e Coakl ey,
K. M and MTGe® r@?gt&'ﬁgéﬁer’%ﬁw@s St '%’@H% sing g rB’E‘?imc:nal d
conducting polt;ampdraygrmqtew)al am«bnaneedacmbretraosmntlagrtgamrllal pnefepdblipEDOT: PSS
(pol y(3, 4-et hy f;,Ye('é]Tg,s | ted

bet ween t he ac%l vggl ayer @%?ﬁggé&'alﬁ%qﬁldéébg fﬂg{;&%ﬁfre%és 2 %2?( 12), to
nmodi fy the \Aorthefaﬁttyﬂ'aheb?a’i ﬁélshfcgremm efgitbil Qﬁﬁfé?féwpr%‘é@qtéﬁyﬁf%w de an

ohm ¢ gont act 6P55Ieh8'<ﬁ~°mlxﬁﬁ\'ecﬂftp Wammwwsémodd&toremmh aHbi F) on
the side of the

ow Wo c&l on el ect deéé‘g) %% acin he active |ayer
(13) Lo provi @8 OBHOBBLRRHACUBRRRNEL VST () 19 EXapTHIE COTPTBINGDI ar | |y and
tsg htegt | (r:glsla%t Blfleﬁ\t/i?f?ElDQTpPSSI singtegr mdteeeadthe rarcave @/@@Bm\%gﬁ gggoz gll)ng
D or e IohiE e MBI B 1y 10 Rgb e W I 20 61

(for exanple a as go |gh unctron el ectrode
(22) (for exanpleetrb?ﬁ@) one of which is transparent, -40 - a layer (23)

(al so j fe”edahgp%naﬁeéét@n Sz%z?lror)exﬁ bF‘r prgglees.% aﬂﬂ@oﬁ@hng

mat eri al and an ectron tr rtlng eria erably seleCted from

OSC mat eri al s, werkfugetien S@cﬂeéﬁ (28bf 9@"&?“%%@@’9( ayen@3), toiRIoKIEE e | ayer

can exist for gkmi®kLentast forthdieyer or two distinct |ayers 5or blend or
m xture of p-type and n-type sem conductor, formng a BHJ, an optional
conducting polyner |ayer (24), for exanple conprising a blend of PEDOT: PSS,
si tuated bet wethe ORY detices of theepreses) invedt inventiowasexeniplaclyidepictedct r ode

(21) tqgprov 0? C f@Qating (25)
(for ejarrpl ehbg 9?"8 glzt’cﬁ% gqué %Pdth %ﬁ'\%’ﬁ?&ﬁp dé%“%%ectgr ode (22)
faci ng the aprefeahlngelectexBirom thegnatariads. dlhedhﬁwp@lmfyﬂeremsmr@&

as described above. If the bilayer is a blend an optional annealing step

may be necessary to optimize device performance.

20 The compound, formulation and layer 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 source and drain

25 electrodes, wherein the organic semiconducting channel comprises a
polymer, polymer blend, formulation or organic semiconducting layer
according to the present invention. Other features of the OFET are well
known to those skilled in the art.

30 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

35 compounds according to the invention and thus the processibility of large
surfaces, preferred applications of these FETs are such as integrated



In the OPV devices of the present invent invention as exenplarily depicted
15in Figure 1 and 2, the p-type and n-type sem conductor naterials are

pr ef er ablywo2eiiaetad fromthe nmaterials, |ike the pol ynepchuprh@veosssyst ens,
as described above. If the bilayer is a plend an optional annealing step
may be necessary to optim ze device pér4‘ Fmance. 20The conpound,

formul ati on and | ayer of the present invention are also suitable for use in
an OFET as the sem conducting channel. Accordingly, the invention also
provi des an OFET c I,Si a gate electrnd an insulating (or gate

i nsul at or) I%S‘Fé'l‘t,'y’gﬂ}s)'éﬂpggaq@ %rgf%ﬂgftygpgﬁgqeq?ngr ectrode and an organic

sem conducti ng channel connecting the source and drain 25el ectrodes,
wherein the | C ] 4 p@‘&e ' : yner, pol yner

bl end, for wﬂg‘?gggirle’()s?iﬁggfégﬁlgg%élgy%%n uct_%rﬁééﬂf%@%rﬁ%glggor Jing to the present
i nventi on. Gemsiconduciingaysr in the OFET dedcemay keatinnogdimad¥ skilled in

the arg. 30@%%}1%n‘6§?bﬁmﬁdb@%t"fﬁé%bh&!e arsd ardiReedrotfe drel Sdparhiddm bet wveen a
tr and a d

gate dielectri rai.n and sour el.ectrgode, ar eneral |,y known,
and are descff(P’HéBeﬂ?rte@JFé?ﬁH‘é by, n§,"%§§9i@£ﬁ“%§@?@9§?§'@9§e 88ddne23 394
and in the redmicendastosildyes boih ichatdut theinsuraingdayémandihe soardene

advant ages, |,ke |,ow { d ' | lybilit Les of the
35conpounds %!88@?‘&? ﬁG%ﬁﬁetqu{éﬁ’ﬁ %éék?@%ﬁagﬂgmﬁtﬁgts&%hée%'rc éhég@?r&oﬁ%b of |arge
surfaces, preferred applications of these FETs are such as integrated - 41
- circyptry, ?%Lvﬂc)ésé’éw th YoréddHt s b gsuy.ce and
drain el ect r%ﬁtl;ds-':g‘r; t he ?nsu?@?ﬁﬁgth%m se%lﬁlﬁé@@ﬁrﬁg}?a% |‘r)1 %ga OFET
devi ce may beaseuEggyelgciradany S5sequence, provided that the source and drain
el ectrode are;wppiaradéafodé,omthe gate el ectrode by the insulating |ayer,
the gate el ec%rogefe@‘y the sem conductor |ayer both contact the insulating

| ayer, and th "0&ctrode and the drain el ectrode both contact the
sem conduct i hg seayieonducting layer,

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

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

20
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.

25

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

30 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

35 perfluoropolymers Teflon AF® 1600 or 2400 (from DuPont) or Fluoropel®
(from Cytonix) or the perfluorosolvent FC 43® (Acros, No. 12377).



10An OFET device according to the present invention preferably conprises:
a source electrode, a drain electrode, a gate electrode, a

sem condugbi20g/degper, 15- one or nore gate insul ator | ayergpo0@0pbisgnal |y a
substrate. wherein the sem conductor |ayer preferably conprises a polyner,
pol ymer blend or fornulation as descri'b&d above and bel ow. 20 The OFET
device can be a top gate device or a bottom gate device. Suitable
structures and manufacturing nethods of an OFET device are known to the
skilled in the art and_are des§ribed t.he Iiterﬁture

i for exanple in US
2007/ 0102606 SRl RRETE] 878 AISAMc SlelpatE matplnG iayie 2de! T ces
f1 uor opol ymggermiiitivity ¢orpdietentric oomtant) fedrnyl. G vabl Giblesy pyeforatdp i JI.&r Cyt op
LOTM 1) (Fr a5 3w R ARtdrialt”) che hRAdsdd 1or bmpld HUSIR07/0Y G696
deposited, e.g. spl n-coati1ng, doctor blading, wre bar coating, spray or
di p coating At OOLEQEV,Q%W-SOWH hods, froma fornul ati on conprising an
insuI350r| materi)al an](ctl oneI or nore IsoI ventls wth Xne or gFre fluoro atons
(fluorosolvents), preferably a uor osol vent . sui tabl e .
per f | uor osol Iq;ues(qcuirlgy %P@'!C%EO & ?%P@q{r‘@r‘ﬁcﬁ&‘%@} SeIHCANGWSENG unber
12380|) : kOt P%a’@éﬂdl@lbbeorﬁing)tmw present mvenfidn|dikesrdnsistos arrdaiokiee,v\can'z Zogr i or
art, like r _exa I . r
(from DuPont eHFe'g}??ngr{%Ezlﬁ%og{%%{% Hﬁ%ﬁ@f%}%m%q&%ﬁ %hgi)ggg?@ent FC
43(r) (Acr oscounderfeiting of docunents pf paltiedikeybankebtes, etedit eargisgriilDe
di el ec§gic [ ' bk Q¢ I\ | nt) from
10 toll 5, "CES: Aot Dbincils PRIGRSES of e, s iy El e fidr ek algnt
di scl osed f okkeestamnse tickelssshares gheauessel- or US 7, 095, 044,

Alternatively, the materials according to the invention can be used in
OLEDs, e.g. as the active display material in a flat panel display
15 applications, or as backlight of a flat panel display like e.g. a liquid crystal
display. Common OLEDs are realized using multilayer structures. An
emission layer is generally sandwiched between one or more electron-
transport and/ or hole-transport layers. By applying an electric voltage
electrons and holes as charge carriers move towards the emission layer
20 where their recombination leads to the excitation and hence luminescence
of the lumophor units contained in the emission layer. The inventive
compounds, materials and films may be employed in one or more of the
charge transport layers and/ or in the emission layer, corresponding to
their electrical and/ or optical properties. Furthermore their use within the
25 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
30 in OLEDs is generally known by a person skilled in the art, see, e.g.,
Meerholz, Synthetic Materials, 111-112, 2000, 31-34, Alcala, J. Appl.
Phys., 88, 2000, 7124-7128 and the literature cited therein.

According to another use, the materials according to the present
35 invention, especially those which show photoluminescent properties, may
be employed as materials of light sources, e.g., of display devices such as



In security applications, OFETs and ot her devices with sem conducting
materials according to the present invention, |ike transistors or diodes,
can be uswo 00mo9FABD tags or security marki ngs to aut herCireeb@omaodspr event
counterfeiting of docunents of value |like banknotes, credit cards or ID
10cards, national |D docunents, |icenset3or any product with nonetry val ue,
| i ke stanps, tickets, shares, cheques etc.. Alternatively, the nmaterials
according to the invention can be used in OLEDs, e.g. as the active display

material in a flat pa ' 5appl i.cat,i ons,, or .as backLjgh f a flat
panel di spl aﬁﬁﬂq‘?@dé’.‘&% Qdé%ég%’%'r?/@@%b m%%fﬁa?meoék&@-‘?@ realized
using nmultilgaseB33tructures. An em ssion |layer is generally sandw ched

bet ween one or nore electron-transport and/ or hol e-transport |ayers. By
applying an electric voltage el ectrons and hol es as charge carriers nove

t owar ds t he Afudéraaspenyof tritvention m@latesf@dmtbithathm«\secgad redueask

excitagion %ﬂnh@ﬁsdo 'wﬁfsea@&reihﬁggqmgqﬁwwn.mﬂhtems%ragaiﬁ@fi n the

em ssion layéer. The inventive conpo terials and filns . be

enpl oyed i n @Jaetrons fesutsgp fPHBaW}r“Trngé mgmﬂgswhﬁ%@mc ﬁmm. YR i5 e

em ssi ?_” ! ayr%htdb‘hﬂhéﬁﬂwt?ﬁ'm@céﬁ okcber on éktpﬁémregalc_o@ﬁkﬂbml{op@ms.pal -
properties. Furtherpore.their e within the 25em ssipgn | a i.s.especially
D v ant ageousSUabIEIBREDln A mERRaY of Bopaliis KA L e ARG B e

i nventi on shany @gefronroERD 528GE2, US 588, 183 ot WNOH8/2885Dr conpri se

el ectrp um nescent groups or conpounds. The sel ection, characterization as
wel | as the processing of suitable nmononeric, oligoneric and pol yneric
conpounds or Thedeping Brocess tyricalyeimnydies tregtmest p§ igondugtebwn by a

person skil | gdtdshliWith éﬁbxicﬁa@iﬂ? & -réduci %rg*érhltm a%g%)g(;?ééd;i?yﬁf);f?izr? S e

Ililtlerlitzhr (2302‘#@93%@%3 i@ﬁlf‘r’?gé@fﬁﬁ i tﬁgp"lf‘.ﬁteéiﬁi;ts"ﬁg}ﬁ\%ég?"‘?%"ﬁm%ri al s according
to the presegéurbtionsderioad frosptie applied dopsantahSoitalsie aupiriprethodsiescent
Broper e ERohEe SPLAGEe AL AL ek tgbind bl i HE SRpstnd 1 % °8)
Sci ence, 279prek806; o83ba gaduced prasshes, elegunhenticaldoping énaiseiution ates to
both the oxidisathiRg'd diliHt Sringing a dopant into contact with the semiconductor
material to be thermally diffused, and ion-implantantion of the dopant into
the semiconductor material.
20
When electrons are used as carriers, suitable dopants are for example
halogens (e.g., Iz, Clz, Bry, ICI, ICl3, IBr and IF), Lewis acids (e.g., PFs,
AsFs, SbFs, BF3, BCls, SbCls, BBr3 and SOs), protonic acids, organic
acids, or amino acids (e.g., HF, HCI, HNO3, H,SO4, HCIO4, FSOsH and
25 CISO3H), transition metal compounds (e.g., FeCls, FeOCI, Fe(ClO4)3,
Fe(4-CH3CgH4SO3)3, TiCls, ZrCls, HfCls, NbFs, NbCls, TaCls, MoFs, MoCls,
WF 5, WClg, UFs and LnCl; (wherein Ln is a lanthanoid), anions (e.g., CI,
Br, I, I35, HSO4, S0,%, NO3, ClO4, BF4, PFg, AsFs, SbFg’, FeCly,
Fe(CN)53', and anions of various sulfonic acids, such as aryl-SO3). When
30 holes are used as carriers, examples of dopants are cations (e.g., H*, Li",
Na®, K', Rb" and Cs"), alkali metals (e.g., Li, Na, K, Rb, and Cs), alkaline-
earth metals (e.g., Ca, Sr, and Ba), Oz, XeOF,, (NO") (SbFs), (NO2")
(SbClg), (NO2") (BF4), AgClO4, HolrCls, La(NOs); - 6H.0, FSO.00SO,F,
Eu, acetylcholine, R4N", (R is an alkyl group), RsP* (R is an alkyl group),
35 ReAs’ (R is an alkyl group), and R3S™ (R is an alkyl group).



5form of the conpounds according to this invention. Either |oss or gain of
electrons results in formation of a highly delocalised ionic form which is
of hi gh cwocdocd®iiBy. This can occur on exposure to CcomMrOm/EROQANITSST
Sui t abl e dopants and net hods of dopi ng e known to those skilled in the
art, e.g. fromEP 0 528 662, US 5, 198,153 or WD 96/ 21659. 10 The dopi ng
process typically inplies treatnent of the sem conductor material with an
oxi dating or reduci ng agent in a redox reaction to form deI ocal ised ionic

centres in the rlal he. c ondin t. ed from
the applied p ods i

Eandicdig ot & BEseiboaRRoAhah SR UL Al EGLRETe
exposure to L%de ag orgpoic 'inmetalidén appheationsi inclpdings lbuénotlllattea t@,educed
pressure, el i
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sem cogduct Oéor{micﬂo«.la %hbsﬁaté&muelr@bma@tsam eldetRRicapsiRvations Such st abl e

dopants are ) 12, C12, Br2, 1Cl, 1C13, IBr and
IF), Lew s aleﬁ"?i "Et% Fas SRd e %ggfz%rs BF3, BCI3, SbCl5, BBr3 and SCB),
protoni c acids, organic aci ds or amno acids (e.g., HF, HCl, HNG3, H2SOM4,
HCl 04, FSC3 nd . , FeQOCl,
Fe( C104) 3, EE'?% &ﬂg’ggﬁﬁ%ﬁ%ﬁr@%%"%%‘%%mh#%ﬁ&BK%’IL?%& ﬁN%at'Qﬁe"?% 5,

MDF5, I\/bCI5 algehe siiiable tgrauseniin ergen® plapmpsiemitting diogdes AR, @p, ani ons

(e.g. %g( déc?rbe'éﬁ@f‘exa%m KNS et 41, %tur%ﬁéhotoﬁﬁ,@ Zodﬁ&ﬁrbhsﬁég 6-
Fe(CN) ani ons efé'l 0 sul foni'c acids, such as aryl - . V\h en
30hol es are 9%'&&93 asptember @@npl es of dopants are cations (e g ,  H+,

Li, Na+, K+, Rb+ and Cs), alkali netals (e.g., Li, Na, K Rb, and Cs),

o 0o AR Ao SR Er P Ry o SSRE el T RIS
acet yl chol i nean BéNised(dhone artogether withaaibér, mBtrialg R osasaligihment gr oup) ,
35ReAsy5(R i & 3R Al Kb F'OLRD déide 3R adRribsd 36 Sdnipledh ) -
2003/0021913: The use of charge transport compounds according to the
present invention can increase the electrical conductivity of the alignment
layer. When used in an LCD, this increased electrical conductivity can
reduce adverse residual dc effects in the switchable LCD cell and
20 suppress image sticking or, for example in ferroelectric LCDs, reduce the
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
25 emitting material. The compounds or materials according to the present
invention having mesogenic or liquid crystalline properties can form
oriented anisotropic films as described above, which are especially useful
as alignment layers to induce or enhance alignment in a liquid crystal
medium provided onto said anisotropic film. The materials according to
30 the present invention may also be combined with photoisomerisable
compounds and/or chromophores for use in or as photoalignment layers,
as described in US 2003/0021913.

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



- 44 - The conducting formof the conpounds of the present invention can be
used as an organic "netal" in applications including, but not limted to,
char ge i nweabiiansilayers and |1 TO planarising | ayers in OrEDExpgliocmB? ONs,
films for flat panel displays and touch gcreens, antistatic filnms, printed
5conducti ve substrates, patterns or tre#?5 in electronic applications such
as printed circuit boards and condensers. The conpounds and formnul ati ons
according to the present invention any al so be suitable for use in organic

pl asnon-em tting di ode Ds Qdescri bed f.or le in Koller et
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for exanpl e 2002 e18,q918s¢ D.iTc MécMaade A UE ePulien, e W dBwbgeh & lgEmpReduced by
the swi tchi ngggé ‘Hlﬁ %%Ent aneous pol arisation charge of the ferroelectric
LCs. When us a D device conprising a light emtting nmateri al

provi ded onto the alignnment |ayer, this increased electrical conductivity

can en*ﬁgnce bhfes%'tﬁ&%ﬂié%d’é(‘fﬁ Heﬁ:a?%]s bitrlviseNhs 2R8I HreRGI0R) $6rhdd - The

conpounds or “naterials acco e presenf | nvention haV|ng nmesogeni c
or liquid crokthg terms r}%’%‘ﬁeﬁ’?ﬂ@%%‘éﬁ’ﬂﬂ*%ﬁ‘l%ﬁ!”@m the sipgrighifrmi apRs as
descri bed abgje.vepdn.ch are especially useful as alignnent |ayers to induce
or enhance alignment in a liquid crystal nedium provided onto said
anisotropic film The materials according to 30the present invention my
al so be conbiThealighiouh thendescripdiopr arshblaéns ofifosisgecificatian, tbémardshor es f or
use i nigr as. nl Y 021913.
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35especi al | y“adneprisingtand searopiisesdemeant incduding gnut asahhmlt@dmu RNg@Arar or

i onic side gpgLpRand¥d fod@ndald o) ¥xeAidedsthBr c6MpoRen®TP! oyed as chemi cal

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

20 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
example only of a generic series of equivalent or similar features.

25
All of the features disclosed in this specification may be combined in any
combination, except combinations where at least some of such features
and/or steps are mutually exclusive. In particular, the preferred features of
the invention are applicable to all aspects of the invention and may be

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

It will be appreciated that many of the features described above,
particularly of the preferred embodiments, are inventive in their own right
35 and not just as part of an embodiment of the present invention.



-45 - sensors or materials for detecting and discrimnating DNA sequences.
Such uses are described for exanple in L. Chen, DD W MBranch, H Wng, R
Hel geson,wb.20lMm811and D. G Wiitten, Proc. Natl. Acad. SBcir/EPebiB/0srss1999,
96, 12287; D. Wang, X. Gong, P. S. Heeger, F. Rininsland, 5G C Bazan and
A. J. Heeger, Proc. Natl. Acad. Sci. U'SA 2002, 99, 49; N D Cesare, M
R Pinot, K S. Schanze and J. R Lakow cz, Langnuir 2002, 18, 7785; D. T.
McQuade, A. E. Pullen, T. M Swager, Chem Rev. 2000, 100, 2537. 10Unl ess
the context clearly indicates otherwse s used herein. pl ural rps of the
orms her ei rindpBepenteatn BV T R S Rt e Bon CRE" e
Ver sa. Thro@twuatl\télm daymvmttloorpraaelnw daimedf this specification, the
vvords 15" corrpri se" and ' cont ain" and vari ations of the words, for exanple
"conprising” and "conprises", mean "including but not |im ted to", and are
not i nt endedTheinvemtioadvilaiow bgdesgebed emase detaikby keferance toithge’

appr ecs at ed f&)ﬂa*, ﬁgaékﬁhb@%s viich Bfe NINERERIe6nI§ ERICISTRBE Fmitfthé Reop@iopvent i on
can be nade e still ling within the scope of the invention. Each:
feature di scthedBMERHPR-hj s speC| fication, unless stated otherw se, may be
repl aced by alternative features serving the sane, equivalent or simlar
pur pose. Thug unke s stated otherw se, each feature disclosed is one
exanpl e onl y—%?;g—egineri c series of equivalent or simlar features. 25 All
of the features disclosed in this specification nmay be conbined in any

conbi ngh 0”,1%6%%%;%@@%@3@;&#3@@@ gts] 4figslo-BeRFedd Such features

and/ or steps C I e preferred features
of the invention are applicable to all_aspects of the invention and may be
30used in any comni nati on. Likewise, fdatufes described in non-essential
conbi nati ons may Aﬁpﬁé@%el y (Hat OBbi nati on). It will be
appreci ated tha e ?ur%‘s de bed above, particularly of the

preferred enbodi S, are e inventive inAk owgl ri ght 35and not just as
part oﬁsan eghodi Y

To a stirred solution of 1,4-dibromo-2,5-diflourobenzene (10 g, 37 mmol)
in anhydrous chloroform (300 cm®) under nitrogen is added anhydrous

20 aluminium chloride (25 g, 190 mmol). The mixture is then heated at reflux
for 113 hours. The mixture allowed to cool and poured onto ice (500 cm?)
and the product extracted with dichioromethane (3 x 300 cm3). The
combined organic extracts dried over anhydrous magnesium sulfate,
filtered and the solvent removed in vacuo. The crude is purified by column

25 chromatography (40-60 petroleum ether) to give 1,4-dibromo-2,5-bis-
dichloromethyl-3,6-difluoro-benzene as a pale yellow solid (2.68 g, 16%).
'H NMR (300 MHz, CDCl3) 7.18 (2H, d, CH, J 2.3).

2 5-Dibromo-3.6-difluoro-benzene-1,4-dicarbaldehyde

30
ct F Q
pr  FeSO,.,H,0/H,SO, Br
Cl -
Cl
Br Br |
F Cl F 0

35



- 46 - Independent protection may be sought for these features in addition
to or alternative to any invention presently clainmed. The invention wll
now be dewonhbedsila nore detail by reference to the 5folpCowipomosymsyl es,
which are illustrative only and do not rrit the scope of the invention.
Exanple 1 101 4-Di brono-2, 5-bi s-di chl'o rret hv1l- 3, 6-di fl uoro-benzene CI Br
AICl3 / CHCI3 ci C 15 C To a stirred solution of

1, 4-di brono- 2, 5-di fl our obenzene (10 g, 37 nmol ) i n anhydrous chl orof orm

300 cnB d t hy: 25 g, 190

i) - The. 1 Relbani RSB R s AR YEhRIGmE AT g@s@ﬁffﬁ%‘f&%‘#&%ﬂ% Kture

al l owed to d¢2d8 gl 1poomadd %ni@o%c%ﬂillslgmmfh(ﬁo emd) ameirpndtbselfaiet r act ed

W th dichi Orr%g%@?d}sté@ 34309 2 Rhol) K'ReSRANIMRLA MG &t #50PedbE2dr i ed
nesi um su

over anhydrou fate, nd t he sol vent r ved in

vacuo. The chQ!JdI% prixture gdowed c,tBIqS’RL ggh&(ﬂ?&%%‘l"& rﬂn?m%{b‘) trol eum

et her)sto gigg) arft fhesreacestridited viltrcdichlopomethahe3(36x 800IamhoThenzene as
H NVR CDCl 3) Tfa%'S (2H, d, CH,

3 5%.05 Ko Gt Frtrasio tied SyRbaahvRpE Haanaain
filtered through a plug of silica (dichloromethane) and the solvent removed
in vacuo. The crude recrystallised from 80-100 petroleum
ether/dichloromethane to give 2,5-dibromo-3,6-difluoro-benzene-1,4-
10 dicarbaldehyde as light brown crystals (12.59 g, 9%) 'H NMR (300 MHz,

CDCI3) 10.31 (2H, s, CHO).

Benzo[1,2-b:4,5-b']dithiophene-2,6-dicarboxylic acid diethyl ester

/?@/\/ EtOH / NEt, : :

HS/\n/ o\/

15

20 Ethyl thioglycolate (1.55 cm®, 13.7 mmol) is added to a stirred mixture of

2,5-dibromo-benzene-1,4-dicarbaldehyde (2.0 g, 6.9 mmol), triethylamine
(1.9 cm®, 13.7 mmol) and ethanol (20 cm®). The mixture is then heated at
reflux for 17 hours. Further ethyl thioglycolate (0.8 cm3) and triethylamine
(0.95 cm?) is added to the mixture and the mixture heated at reflux for 24
hours. The mixture allowed to cool and poured into water (100 cm). The
precipitate is collected by filtration and washed with water (50 cm’) and
methanol (30 cm?). The crude is purified by recrystallisation from 1,4-
dioxane to give benzo[1,2-b;4,5-b'ldithiophene-2,6-dicarboxylic acid
diethyl ester as an off white solid, (0.05 g, 2%). MS (m/e): 334 (M*
100%),306, 289, 278, 261, 233, 189.

25

30

4.8-Dibromo-benzo[1.2-b;4,5-b'|dithiophene-2,6-dicarboxylic acid diethyl
ester

35



-47 - A solution of 1,4-d

| br onmo- 2, 5- bi s-di chl oronet hyl1- 3, 6-di fl uoro- benzene (2.68 g, 6.1 mmol),

98- 100% swbfuriiwsasi d (50 cnB) and iron (I11) sul fate heptampdsoierssd. 34 g,
1.2 mol ) is heated under nitrogen at ; C for 2 hours. The m xture
allowed to cool to 23 C and poured onto'¥Ce (3000 5cnB) and the product
extracted with dichloronethane (3 x 600 cnB). The conbi ned organic extracts
dri ed over anhydrous magnesium sul fate, filtered through a plug of silica
(di chl oronet hane) and the sol vent renoved in vacuo. The crude
recrystallised from 80-100 petrol eum et her/ di cl§, or ghrettia to 9#6;

, ifluoro%/ngN'%e 1, 4- 10di car bal o-‘@ gRt  br own

crystals (12.59 ¢, _B9% s (300 MHz, CD{ZK% 2Hs s, 9CHO) .

Benzo[ 1, 2-b; 4, 5 di t hi oplfene- 2, 6- di car boxy i ¢ acid diet hyl ester

20Et hyl t hi og 3 \(ﬁl\Ej}alw 13.7 mml ) iSgadeed to a stirred mxture

of 2, 55di brono- bpnzegne- di car balstehyd Ib2 g 6.9 mol ), triethylamne
)- o

(1.9 cnB, 13.7 nmol) and etganok_( m xture is then heated at
reflux for 17 hours. Further hy olate (0.8 cnB) and

triethylamne (0.95 cnB) ﬁoad oxture and the m xture heated at
reflux for 24 25hours. m xture IIowed to cool and poured into water

(100 cnB). The precipitate is col | ect ed by filtration and washed with water
(50 an) and met hanol (30 cnB). The crude is purified by recrystallisation

from1d. o EHRfthibgysblste RFBARIF, 3:0ndn X addH RPYSNed {ﬂ_’r%%fbgéz e
301009, 306 2 Zadibromg-3 Q@iﬂuczfe@eme- 81'93?"9? VSS@&OQ, ammol)
4, 5-brl di t hi gRINNSMING 0143an1§0>3¥(1) hfmaly eddcétnérliul(wsjne‘r) TN®mixture is
2011/ 098113P en eatégl reﬁ;ux for 2 hours. The mixture allowed to cool and poured
into water (50 cm ). The precipitate is collected by filtration and washed

15 with water (2 x 50 cm®) and methanol (50 cm®). The crude is purified by
recrystallisation from N,N-dimethylformamide to give 4,8-dibromo-
benzo[1,2-b;4,5-b'ldithiophene-2,6-dicarboxylic acid diethyl ester as a
yellow solid (0.25 g, 33%). 'H NMR (300 MHz, CDCl3) 1.46 (6H, t, CHs, J
7.2),4.46 (4H, q, CHz, J 7.2), 8.28 (2H, s, ArH).

20 Example 2: A mixture of benzo[1,2-b;4,5-b"ldithiophene-2,6-dicarboxylic
acid diethyl ester (520 mg, 1.6 mmol), dichloromethane (50 cm?) and
bromine (0.16 cm?, 3 mmol) is stirred at 23 °C for 5 days. Further bromine
(0.03 cm®) is added and the mixture stirred at 23 °C for 41 hours. Aqueous
sodium sulfate (10 cm3) is added and the mixture stirred for 20 minutes.

25 Water (40 cm®) and methanol (100 cm?) is added and the mixture cooled
over ice. The precipitate collected by filtration and washed with methanol
(20 cm?). The crude is recrystallised from N,N-dimethylformamide to give
4 8-dibromo-benzo[1,2-b;4,5-b'|dithiophene-2,6-dicarboxylic acid diethyl
ester as a yellow solid (0.10 g, 13%).

30
4.8-Dibromo-benzo[1,2-b;4,5-b'|dithiophene-2,6-dicarboxylic acid bis-(2-
ethyl-hexyl) ester

35



- 48 - 0 SO-/ /(---SO .47,7/DCM  10Et hyl thioglycolate (0.34 cn8, 3.0
nmmol) is added to a stirred m xture of

2, 5- di br ono-28116098ti181 uor o- benzene- 1, 4- di car bal dehyde (0. PO0TEP2d1050788DI ),
triethylamne (0.43 cnB8, 3.0 mol ) and hanol (15 cnB). The m xture is
then heated at reflux for 2 hours. The ff xture allowed to cool and poured
into water (50 cnB). The precipitate is collected by filtration and washed
15with water (2 x 50 cnB) and nmethanol (50 cnB). The crude is purified by

recrystallisation fromN, N-di net hyl formam de to give

4, 8- di br ompbenzo[ 1, 2- by, 4, 5- bl di t hi ophene- 2, 6- di car bgxyl i c awhyl

ester as a yell QW olid (0. 2509/ ZB%exyl&rbimM\/? (300 , 1.46 (6H, t,
0 di

cH3, J 7.2), 4% @ CH OExanpl e 2: A
m xture of ben Q47§ bldlthl‘déa fehSLSe ci d diethyl
ester (520

pd,) ., di chl oronet ha (50 cnB) d brom ne (0.16 cnB, 3
mmol ) §s stlrred at 23 C for 5 days. ther bromne (0.03 cnB) is added
and the mxture stirred at 23 C for 41 hours. Aqueous sodium sul fate (10
cnB) is added and the m xture stirred for 20 m nutes. 25 Water (40 cnB) and

breci pi tat o DiAmaR LB AR biERs paffieli Ry ult AUE rii®h i 3ede) . The
crude is rectoyssasperssdn fof dni-Njb¥othoseemzd[ 1 @-vdrh-badithioghere-2,6-

Cator vo-n BERBRD b i 506%50  By i) e bty

4, 5- bi ] di t hi @p%ﬁﬁ‘ﬁz 163 anml)ba@mhveroat,sﬂel%ng (@5-craphyhe maixture veag er
Ti tani um (1 é’éftealawéﬂdx RANARGEHs URfe? Ddah- Sﬂark@oﬂ@&oﬁ'ﬁ‘(h)cm3§ cAdded to

R T\ Slrarat SHERA Bt s Rl gt o 1

generated. Further titanium (IV) oxide bis(2,4-pentanedionate) (20 mg)
and 2-ethylhexanol (1.0 cm?, 6.5 mmol) was added and the mixture
heated at reflux for a further 17 hours. The reaction mixture allowed to
cool and poured into water (50 cm’). The product extracted with
dichloromethane (2 x 50 cm®) and the combined organics dried over
anhydrous magnesium sulfate, filtered and the solvent removed in vacuo.
The crude was purified by column chromatography (SP1, 100 g cartridge,
petrol to DCM) to give 4,8-dibromo-benzo[1,2-b;4,5-b[dithiophene-2,6-
dicarboxylic acid bis-(2-ethyl-hexyl) ester as a yellow solid (0.41 g, 96%).
'"H NMR (300 MHz, CDCl3) 0.89-1.02 (12H, m, CHj3), 1.30-1.55 (16H, m,
CHa), 1.70-1.84 (2H, m, CH), 4.32 (4 H, d, ArCH, J 5.8), 8.23 (2H, s,
ArH); >C NMR (300 MHz, CDCl,) 11.1, 14.1, 23.0, 23.9, 29.0, 30.5, 38.9,
68.6, 111.4, 129.8, 136.9, 137.7, 141.1, 162.0.

15

20

25

Poly{4.7-5,6-bis-octyloxy-benzo[1,2,5]thiadiazole}-co-{2,5-thienyl}-co-{4.8-
benzo[1.,2-b:4,5-b'ldithiophene-2,6-dicarboxylic acid bis-(2-ethyl-hexyl)

ester} (1)

30

S

/
0 ﬂ
74 p + SnMe; SnMe, + Br Br

(o} S 0]
B OCgH,J OC.H,,
35
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10 (0.20 cn8, 1.3 mmol) in anhydrous toluene (25 cnB). The m xture was then
heated at reflux for 17 hours under Dean-Stark conditions (1 cnB) of water
was addedwbeotinesi@san-Stark trap to hel p renoval of thepetrheo@bogsser at ed.
Further titanium (IV) oxide bis(2,4-pe nedi onate) (20 ngy) and

2- et hyl hexanol (1.0 cnB8, 6.5 mmol) was added and the m xture 15 heated at
reflux for a further 17 hours. The reaction m xture allowed to cool and
poured into water (50 cnB). The product extracted w th dichl oronmethane (2 x
50 cnB) and the conbi ned organics dried over ydrous magnesi um sul f ate,
filtered and the sol vent renoved i ngvacuo., e crude was purified by colum
chromat ogr aphy (SP1, 100 g cartridge etrol to DCM to give

4, 8- di brono- benzo[ 1, 2- b; 4, 5- b] di tdOphene-2,76- di carboxylic acid

bi s-(2-ethyl -hexyl) ester as~a yeéllbw solid,(0.41 g, 96% . 1H NWR (300 MHz,
CDClI 3) 0.89-1.02 (12H, m CH3 0155N(i‘6H m CH2), 1.70-1.84 (2H, m
CH), 4532 (4 Hgabd), /p@;tg;ﬁz J 5 : +13C NMR (300 MHz,
CDCIS) 11.1, 14 1 23 0, 23. 8.6, 111.4, 129.8, 136.9,
137.7, 141.1, 162.0. Pol Y (4 ol |

, 2, 51th|ad|azole} co-{2,5-th 5 Hyy
benzo[l 2-b: 4,5-bil dithiophene-2, 6 dlcarboxyllc acid bis- (2-et hvl - hexyl)
ester} (1) {50 - A solutibn of 4, 8- di br ono- benzo[ 1, 2- b;
4, 5- bi di t hi ophene- 2, 6-di car BoxW i ¢ aci dqbi s- (2-et hyl -hexyl) ester (198 nuy,
0. 30 1), 2,5-bis- 15 tringethyl stannanyl -t hi ophene (246 ng, 0.60 mmol),
4, 7-di brono-5, 6-bi s- octyl oXy-benzo[ 1, 2, 5]t hi adi azole (165 ng, 0.30 nmol),
tri(o- tolyl)phosphine (15 , 0.048 nmol ) and
tris(dibenzylideneacetone)dipalladium(0) (11 ng, 0.01 mmol) in
chl orobenzene (10 cnB) is prepared in a mcrowave tube. The m xture purged
wi t h nitrogeA solution of 4,8-dibromo-benzo[1,2-b;4,5-b'ldithiophene-2,6-dicarboxylic

acid bis-(2-ethyl-hexyl) ester (198 mg, 0.30 mmol), 2,5-bis-
trimethylstannanyl-thiophene (246 mg, 0.60 mmol), 4,7-dibromo-5,6-bis-
octyloxy-benzo[1,2,5]thiadiazole (165 mg, 0.30 mmol), tri(o-
tolyl)phosphine (15 mg, 0.048 mmol)and tris(dibenzyl-
ideneacetone)dipalladium(0) (11 mg, 0.01 mmol) in chlorobenzene (10
cm’) is prepared in a microwave tube. The mixture purged with nitrogen
for 5 minutes. The reaction mixture is placed in a microwave reactor
(Intitiator, Biotage AB) and heated sequentially at 140 °C (60 seconds),
160 °C (60 seconds), 170 °C (30 seconds) and 180 °C (1800 seconds).
The reaction mixture is allowed to cool to 50 °C and precipitated into a
stirred mixture of concentrated hydrochloric acid (10 cm3) and methanol
(100 cm3) with methanol washings (2 x 10 cm3) of the reaction tube. The
mixture is stirred for 10 minutes. The polymer collected by filtration and
washed with methanol (100 cm3) to give a purple/black solid. The crude
polymer is washed via Soxhlet extraction with acetone, 40-60 petrol and
cyclohexane. The cyclohexane extract is precipitated into stirred methanol
(200 cm®). The polymer collected by filtration and dried under vacuum to
give poly{4,7-5,6-bis-octyloxy-benzo[1,2,5]thiadiazole}-co-{2,5-thienyl}-co-
{4,8-benzo[1,2-b;4,5-b"ldithiophene-2,6-dicarboxylic acid bis-(2-ethyl-
hexyl) ester} as a black solid (60 mg, 19%). GPC (chlorobenzene, 50 °C)
M, = 6,700 g/mol, M, = 10,500 g/mol, PD= 1.55.

15

20

25

30

35



20for 5 mnutes. The reaction mxture is placed in a mcrowave reactor
(Intitiator, Biotage AB) and heated sequentially at 140 C (60 seconds), 160
C (60 secwodsi19gii® C (30 seconds) and 180 C (1800 secomds)er2filo@oTs8act i on
m xture is allowed to cool to 50 C and ecipitated into a stirred m xture
of concentrated hydrochloric acid (10 cfrB) and net hanol 25 (100 cnB) with
nmet hanol washings (2 x 10 cnB) of the reaction tube. The m xture is stirred
for 10 m nutes. The polynmer collected by filtration and washed with

met hanol (13% cnﬁﬁ éo give a purplel/black solid. The crude polyner is
washed vi a xtraction with acetone, 40-60 petrol and cycl ohexane.
The cycl ohexane extract is precipitated into stirred nethanol 30 (200 cnB).

The polymer salifi, sqh@ﬁofr:e htﬁlﬁinbﬂibﬁﬁq/lﬁﬁ IRl 14REeh VRREUBLLE @i ve

pol y{4, 7 6=D1 S~ 4 radr azolej- co-{ 2, 5-Thl nnyl -co{4, 8-

benzo[ 1, 2 b =i g sl TAY: ic bwﬁégg 1)
ester}ls as aé}h ke ége(- ny, 19% GPC (chl orobenzene, 50 C) Wh = 6,700
g/ nol , PD= 1.55. - 51 - Exanple 2

Pol y{l (4 6- th| enol 3, 4 bIth| ophen- 2-v1) - 2- et hyl - hexan- 1- one} - co{{ 2, 5-

t hi enyl }-co-{4, 8-benzoll, 2- b:&, 5-bi |l di t hi ophene-2, 6- di car boxyl }
bi s-(2- Sethyl-hexyl), 25/ sol ut | 0@4\ 8- di br gno-lbenzol 1, 2- b;

4, 5- Mli t hi ophene- 2, 6- d bt S™Weaetsy| A%y
0.80 mmol ), 2,5-bistrj nyg hi ophene (655 ng, 1.

3

1- (4, 644 brormt hi_eno] ~-2- et hyl - hexan-1-agne7/(339 ng, 0.80
mml ), tri(o-taol/yl) hosphlne r39rrg 0. 3 ) and tris(di

30i deneacet one) di pal | adi um(0) (29 ny,

is prepared in a mcrowave tube. The m xture
m nutes. The reaction mxture is placed i m crowave reactor (Intitiator,
Bi ot age AB) and heat ed sequenti al I§ seconds), 160 C (60
seconds) and 170 C (1800 seconds). /Tff ixture is 35allowed to
cool te 60 C and precipitated i \ i ress--xture of concentrated
hydroch?orlc acid (10 cnB) apgd=eit W th

Pd(dba), / P(o-tol),

urged with nitfogen for 5

20

@)

25 A solution of 4,8-dibromo-benzo[1,2-b;4,5-b"ldithiophene-2,6-dicarboxylic
acid bis-(2-ethyl-hexyl) ester (628 mg, 0.80 mmol), 2,5-bis-
trimethylstannanyl-thiophene (655 mg, 1.60 mmol), 1-(4,6-dibromo-
thieno[3,4-b]thiophen-2-yl)-2-ethyl-hexan-1-one (339 mg, 0.80 mmol),
tri(o-tolyl)phosphine (39 mg, 0.13 mmol) and tris(dibenzyl-

30 ideneacetone)dipalladium(0) (29 mg, 0.03 mmol) in chlorobenzene (15
cm’®) is prepared in a microwave tube. The mixture purged with nitrogen
for 5 minutes. The reaction mixture is placed in a microwave reactor
(Intitiator, Biotage AB) and heated sequentially at 140 °C (60 seconds),
160 °C (60 seconds) and 170 °C (1800 seconds). The reaction mixture is

35 allowed to cool to 60 °C and precipitated into a stirred mixture of
concentrated hydrochloric acid (10 cm3) and methanol (100 cm3) with



- 52 - methanol washings (2 x 10 cnB) of the reaction tube. The m xture is
stirred for 10 m nutes. The polyner collected by filtration and washed with
met hanol Ww®Q0112098)13t 0 gi ve a bl ack solid. The crude pol pogEresionasBed vi a
Soxhl et extraction with acetone, netha , 40-60 petrol, cycl ohexane and
5chl orof orm The chloroformextract is Concentrated in vacuo and
precipitated into stirred nethanol (200 cnB). The pol yner coll ected by
filtration and dried under vacuumto give

ol y{1-(4, 6-thjeno| 3, 4 hj - . . .

V)2 ot nyneliiten wetpltids {2 A8k of the reaction tybg. The miprs s, , o

bl di t hi opherstirgadsforii®@amivones.i Thepplymerscallectediyy filtrekion andswashediwith bl ack

10solid (60 r TmE? i ia M =

35, 500 g§ mﬁn%&%@%q @E’SA?&PQ%Q-B %‘%ﬁ?gﬁ%?'ﬁ’e ?ﬁ“"f&?‘%ﬁ?é‘*‘é?@ég??ﬁ”"’ and

nmeasur enent S‘BWQWWEF@WWEE%?FW'@F%} anel, 6@&%9%‘]‘?%%0'8 xne ?@H’ i s

E?‘?roi) cat e? gﬁﬂ?fcﬁém EIQ? bhFrbwrdmth tret i c@mhmT mrt]ed’lm w‘/axfug;dnd ndi um t i ndoxi de
coate asSS., S r e m n ce nol, o0 . [€e usSea as a

t ransparent M%Ftpétﬁfeéfgﬁ? PgH&% é@%ﬁ%ﬁ)ﬂ%i poogyrgébcgﬁeoﬁ%%%m_ C. St ark)

i s bl ade codfiladtibm andalrieahjurdersvanium togiverpaly{l Hé,Gthieno[3i4eb]thiophen ed at

130 C on a I r ) resil Lnn ql

appr oxi mat erg'&ﬁéﬁ%%@ﬁfaééﬁ—e&ne}igﬁﬁg(ﬁgﬁ{% 'MT}_ %fg?ﬁrﬁﬂnzgt?ﬁg{go ‘yner (1) from

Exanpl e 1 anbf]dihioprera-2 §-diceranylic esid @ét(?retBYHlﬁ)@')rfﬁt%}Iase%béC!( from

Sol ennggBV)  adicf(60ptal, 89%4)dGFT ¢eIbiobeh@Bnef 5@ ECYII, &80, 300 g/mol, M,,

o- di chl or obenzen an}j cogha_l Bl‘ﬂg an addi ti onal 30/‘0 of diiodooctane Is
prepared; t he 3R:29Q8/mel aP%atio in the blend is 1:3 polyner to

C61-PCBM The blend is deposited by bl ade 30coating onto PEDOT: PSS | ayer

and dried for 2 n,at.,7Q S . | 3, about 140 nm
The device i : Hjovoyald Beff i ahd ?ﬁ it ial, Calcium (30

nm /Al um nium (200 nn), by sequential thermal evaporation through a
35shadqy MaSK.p |k heterojunction organic photovoltaic device (OPV) is fabricated

according to the following procedure.

Patterned indium tin oxide (ITO) coated glass substrates (Luminescence
Technology Corp.) are used as a transparent bottom electrode.

20
PEDOT:PSS (Clevios PVP Al4083, H.C.Stark) is blade coated from an
aqueous solution onto the substrates and dried at 130 °C on a hotplate for
30 min. The resulting polymer layer is approximately 40 nm thickness.

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

30 coating onto PEDOT:PSS layer and dried for 2 min at 70 °C. The active
layer thickness is about 140 nm.

The device is completed by depositing a top electrode material, Calcium
(30 nm)/Aluminium (200 nm), by sequential thermal evaporation through a
35 shadow mask.



- 53 - Current-voltage characteristics were neasured using a Keithley2400
SMJ while the solar cells were illum nated by a Newport Sol ar
100 MAer nw@d 2ehidogr1bi ght .

expressi on =
Jmax / Voc

750 nV, Jsc cairgn
devi ce fabr i8Sk whilatie sotaswedsware illuminated by aNewpert SalarcSimydaor gani c

rat o0 ity e wHite n‘gwprm@s%r@mwwag def & fuith! owi ng

phot ovol t ai ¢
procedure.

(Lum nescenodMieRGrittesyy e itlgminaion 'l'}?é?f' §N%13 eal
30PED(F: PSS fKdtedidee. PVP A14083, H.C. Stark)
solution onto the substrates and dried at 130 C on a hotplate for 30 mn.

Si mul at or at
The Sol ar Sinul ator was equi ppedTwrbéioAdiksdG
filters. The illum nation intensity was $a| i brated using a Si 5phot odi ode.
Al'l the device preparation and char act

Sation is done in a dry-nitrogren
at nosphere.

10Power conversion efficiency is calculated using the foll ow ng

Voc x Jsc x FF / Pin where FE is defined as 15 FF = Vmax X

"cufg tzyoﬂa%C“‘ééc%h%*‘”e%e%'eééu@ﬁ%ﬁ“%ﬁﬁgﬂ*'gyg‘ﬁﬁf" valtaic

ovoltaic

indiumti’n oxid coat | ass substrates

The resulting polynmer layer is approximately 40 nmthi ckness.
sol ution conAftine dgvickereparatien k) cliarantefsatiph és dons ih aeity-RERIgren

35(6, 6- phenylv‘%ﬁ]p'%%yrl c acid nethyl ester, from Sol enne BV) at a total

solid concen? 0f 23 ng/cnB in o-dichl orobenzene and cont ai ni ng an

10

15

20

25

30

35

Power conversion efficiency is calculated using the following expression
N = Voo X Jee X FF/ Py,
where FF is defined as

FF = Vinax X Jmax / Voc X Jse

The following device performance is obtained. Voc = 750 mV, Jsc = -4.23
mA, FF=0.31,n=0.98 %.

Example 4 - Photovoltaic device fabrication and measurement

A bulk heterojunction organic photovoltaic device (OPV) is fabricated
according to the following procedure.

Patterned indium tin oxide (ITO) coated glass substrates (Luminescence
Technology Corp.) are used as a transparent bottom electrode.

PEDOT:PSS (Clevios PVP Al4083, H.C.Stark) is blade coated from an
aqueous solution onto the substrates and dried at 130 °C on a hotplate for
30 min. The resulting polymer layer is approximately 40 nm thickness.

A solution containing the polymer (2) from Example 2 and C61-PCBM
(6,6-phenyl C61 butyric acid methyl ester, from Solenne BV) at a total
solid concentration of 23 mg/cm® in o-dichlorobenzene and containing an

A

§ BHEGBoPt om el ect r ode.

I s blade coated from an aqueous



- 54 - additional 3% of diiodooctane is prepared; the active material ratio
inthe blend is 1:3 polyner to C61-PCBM The blend is deposited by bl ade
coati ng onNDeoRAKEOEII3PSS | ayer and dried for 2 min at 70 €cr/Epeoiambdisse | ayer
t hi ckness is about 115 nm The device iﬁcorrpl eted by depositing a top

el ectrode material, Calcium (30 nm)/A™UM hi um (200 nm), by sequenti al

t hermal evaporation through a shadow mask. 10Current-voltage
characteristics were neasured using a Keithley2400 SMJ whi |l e the sol ar

| | i 1| pm " : i gl whi
'ight. The '@dcﬁtﬁ'&%ﬁ‘?@g?%?r'ﬁaé%*%ﬁ%ﬁsgggﬁeﬂ%#@é fiaietaP dtthifne v te
i | 'umi nat i orblend én3ix golyenerdalGh-R uShe glendds depesied bydladg Al | the

devi ce_Pr epAingTbABPEDEITAPEE Iagal Al diisd 49N2 mif A 76/°C MHe agken
at nosphere. Powei” conversion effém ency is calculated using the foll ow ng
expr essi on Jayer thickness.is @eeuk130M: FF / pin where FF is defined as 25FF

Vmax x5Jmax / Voc x Jsc The follow ng device performance is obtained. Voc

630 nv, J = -1.41 mA,_ _FE,= 0. i .= 0, % - - P C ai

1 Con] ugat e PG HER & BREINEIEHS oieb ey T 10 Slsaiiods mareriply Cafllip = * ™

repeati ng uni30snraj/Afumimitia (200 nm), by sequential thermal evaporation through a
shadow mask.

10 Current—voltage characteristics were measured using a Keithley2400
SMU while the solar cells were illuminated by a Newport Solar Simulator
at 100 mWem™2 white light. The Solar Simulator was equipped with
AM1.5G filters. The illumination intensity was calibrated using a Si

photodiode.
15
All the device preparation and characterisation is done in a dry-nitrogren
atmosphere.
Power conversion efficiency is calculated using the following expression
20
N =V XJee X FF/ Py
where FF is defined as
25
FF = Vmax X Jmax / VOC X JSC
The following device performance is obtained. Voc = 630 mV, Jsc = -1.41
mA, FF = 0.40, n = 0.36 %.
30

35



15wherein one of X1 and X2 is selected fromS, Se and 0, and the other is
selected fromCH, CRx, and N, 20one of X3 and X4 is selected fromsS, Se and
0, and thwoabhemsiis sel ected from CH, CRx, and N, on ea®lT@EPCMONETISE
identically or differently denotes st r_aé%gt-chai n, branched or cyclic alkyl
with 1 to 35 C 25atons, in which one or re non-adj acent C atons are
optionally replaced by -0-, -S-, -CO, -00-0-, -0-CO, - 0-00-0-, -CR=CR-
or -C=-C and in which one or nore H atons are optionally replaced by F,
Cl, Br, I or CN, or denotes aryl, h’%ttgﬁféfa\f@s aryl oxy, heteroaryl oxy,
30aryl carbonyl , heteroaryl carbonyl, aryl carbonyl oxy, heteroaryl carbonyl oxy,
aryl oxycar bonyl or heteroaryl oxycarbonyl having 2 to 40 C atons that is
unsubstitut et orCeujbgatedeeérermmpr&ﬁingmneqnmor@ridﬁatifpai ofdiffgrenR1l, 35 WO
2011/ 098113PCT/ ﬁ%%\%éghﬁ%%?of-fomla ichain, branched or cyclic alkyl with 1
to 15 C atons, in I'ch one or nore non-adjacent C atons are optionally
repl acgd by -0-, -S-, -CO, -00-0-, -0-00-0-, - CAR=CR- orand in which one
or nore H atons are optRonally replaced by F, d, Br, | or CN

x’)/'RX2

10 '
x“\\J/x:*
R
15 wherein
one of X' and X? is selected from S, Se and O, and the other is
selected from CH, CR*, and N,
20 one of X3 and X* is selected from S, Se and O, and the other is
selected from CH, CR*, and N,
R on each occurrence identically or differently denotes
straight-chain, branched or cyclic alkyl with 1to 35 C
25 atoms, in which one or more non-adjacent C atoms are

optionally replaced by -O-, -S-, -CO-, -CO-O-, -O-CO-, -
0-CO-0-, -CR’=CR™- or -C=C- and in which one or
more H atoms are optionally replaced by F, Cl, Br, | or
CN, or denotes aryl, heteroaryl, aryloxy, heteroaryloxy,
30 arylcarbonyl, heteroarylcarbonyl, arylcarbonyloxy,
heteroarylcarbonyloxy, aryloxycarbonyl or
heteroaryloxycarbonyl having 2 to 40 C atoms that is
unsubstituted or substituted by one or more non-
aromatic groups R',
35
R is on each occurrence identically or differently straight-



R and R are independently of each other H or optionally substituted car byl
or hydrocarbyl optionally conprising one or nore hetero atons, is on each
occurrencwoi2demsnal |y or differently H, hal ogen, -CN, PNCEP20OOY788NCS,
-QCN, -SCN, - C(=0)NRR, -C(=0)X, -C(=0)g&: -NH2, -NRR, -SH, -SR -SO03H,
-S2R, -OH, -NO2, -CF3, -SF5, optionally substituted silyl, carbyl or
hydrocarbyl with 1 to 40 C atons that is optionally substituted and
optionally conprises one or nore hetero atons, or P-Sp-, 10 15 Rl is a

pol ymeri sabl e group, 20 Spis,; ; angl IS hal ogen.
252. Pol ymer according to c#@?'ﬁi q@g@ggg{rege%&wgk%ﬁg tﬁ@?%t?%is(skj' )n.,
in*I1 30 wherein Ais on eaWRichceng pemase ingaradjaegntyC éfoﬁﬁﬁf%PQﬁPP? Ya
repeating unit of formula fepigceteby b@d -80 Gy, Cd-0-, -0-CO-0-, -

CR%=CR%- or -C=C- and in which one or more H atoms

5 are optionally replaced by F, Cl, Br, | or CN,

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

10
R’ is on each occurrence identically or differently H,
halogen, -CN, -NC, -NCO, -NCS, -OCN, -SCN, -
C(=0)NR°R%, -C(=0)X°, -C(=O)R’, -NH,, -NR°R%, -SH,
-SR°, -SO3H, -SO,R%, -OH, -NO,, -CF3, -SFs, optionally
15 substituted silyl, carbyl or hydrocarbyl with 1 to 40 C
atoms that is optionally substituted and optionally
comprises one or more hetero atoms, or P-Sp-,

P is a polymerisable group,
20
Sp is a spacer group or a single bond,
x° is halogen.
25 2.  Polymer according to claim 1, selected of formula Ii
*~H—(Ar)y—(A););k* I
30 )
wherein
A is on each occurrence identically or differently a repeating

unit of formula | as defined in claim 1,

35



WO 2011/ 098113PCT/ EP2010/ 007887 - 57 - Aris on each occurrence identically
or differently optionally substituted aryl or heteroaryl, Y1 and Y2 are

i ndependewblay1iafosgach other H F, O or CN, mi s on eachpogapré®noss?
identically or differently 1, 2 or 3, '7s_on each occurrence identically or

differently 0 or 1, wherein in at |east”'one sub-unit ((Ar)y-(A)) x is 1, 10
Yis on each occurrence identically or differently O or 1, nis an integer >
1. 153. Pol yner according to claim?2, selected of formula lla RR [ ( (Ar)y

(1A231)r(1d) gi In R3II 20wheri io?m é%ct%(gcmfﬂerﬁe iéeﬁﬁg%% Mﬁe%ﬁ;ﬂxrgﬁighgw of claim

t he benzene rings are optionally's tute € or’ nore
groups RL as defined i n sibstitited agylprigetefi@@/#3 have i ndependent|y of each
ot her one of the neanings of 25R1 in claim1l, or denote H -CH2C, -CHQ

-CHCH2, -SSIRR'R', - SnRR'R", -BRR', -B( ' - 2, or P-9p,
wherein P and SpY af@d Xs %@f'Pﬂ%ﬂe%%%,Ofﬁﬂf%q,ﬁe}Rthmblﬁrm i ndependent | y
of eaoh other one of the neanings of Rin claiml1l, and R and R' may al so

forma ring togertnher W tig otnhgaghegg&f)rrﬁc%ni]d%ﬂtiwiyc& éiﬁ&?én%el, 2o0r3,

X is on each occurrence identically or differently O or 1,
wherein in at least one sub-unit ((Ar),-(A)x) x is 1,
10

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

n is an integer > 1.

15 3. Polymer according to claim 2, selected of formula lla

R’*—H-(Ar)y—(A););}:R3 lla

wherein A, Ar, m, n, x and y have the meanings of claim 1 and 2, the
benzene rings are optionally substituted with one or more groups R
as defined in claim 1, and

20

R? and R® have independently of each other one of the meanings of
R'in claim 1, or denote H, -CHCl, -CHO, -CH=CH,, -SiR'R"R", -
SnR'R"R"™ -BR'R", -B(OR')(OR"), -B(OH)>, or P-Sp, wherein P and
Sp are as defined above, and R', R" and R" have independently of
each other one of the meanings of R%in claim 1, and R' and R" may
also form a ring together with the hetero atom to which they are
attached.

25

30

4. Polymer according to claim 2 or 3, wherein Ar is selected from the
group consisting of selenophene-2,5-diyl, thiophene-2,5-diyl,
35 thieno[3,2-b]thiophene-2,5-diyl, thieno[2,3-b]thiophene-2,5-diyl,
selenopheno[3,2-b]se|enophene-2,5-diy|, selenopheno[2,3-



30attached. - 58 - b]sel enophene-2,5-diyl,

sel enopheno[ 3, 2- b] t hi ophene- 2, 5-di yl , sel enopheno[ 2, 3-b] t hi ophene- 2, 5-di yl,
benzo[ 1, 2vb:2411%098tadi t hi ophene- 2, 6-di yl, 2, 2-di t hi ophen@CT/EP2010/007887

2, 2-di sel enophene, dithieno[3,2-b:2',3'-g]silole-5,5-diyl,

4H- cycl openta[ 2, 1-b: 3, 4- 5b' ] di t hi ophen®S2, 6-di yl ,

2, 7-di -thien-2-yl-carbazole, 2,7-di-thien-2-yl- quorene,

i ndaceno[ 1, 2-b: 5, 6-b' ] di t hi ophene-2, 7-diyl, benzo[1l",2":4,5;

3 7 d i en 5 hIsEleMtoPLR A5 @y%gg e@fﬁ@ﬁﬁﬁb gﬁlo%'h\é'ne 2,5-diy,

2, 7-di - t hi en- 2- yéédlenaphano[2; 3 b]tB;Ophene 5-diyl, benzo[1,2-b: 4, 5-

4" 5":4' 5'1b

102, 7 - Chi on: 22 FURIEIEE OPYE 2 g tgREr Rl deciiothone, 7. ai-

thi en-2-yl - benz@l[ﬂlleW@]?‘rh %@ﬁ a%'lk?ie55d'y| 4H.cydiopental2,1-5:3,4-

421 g giﬂ] hi en22 %’bi]tﬁﬂﬁ Heﬁe-@l@ﬂiﬁ@¢tmmbﬂé2 9L—c9ar6b'2b!¢0207t-5| m@é‘r?—Q%lrIQ 5-diyl,
, | I en I eno Z & ul noxal I ne,

t hi eno[ 3, 4- b]t%.%‘bﬁ’f@ﬁ& &“H%%’ ‘é%dﬁ’lfﬁtﬁ' #%Wy!eno 34

15b] t hi ophene, t beﬁm[ﬂ3244bt]it4h 5 5 leis (il oo, QLb 362'43 phmpheae)-z Ty,

o el Vs Pl A PR 2o
as defined in cl benza[1" 208, Bdl i, 5db,l§(ﬁ4|Q|Q[@2th oAD' BhIOﬁbeaebi TcHiylins 1 to
4, wheggin in thg Mai-thidd- Ztyﬂfﬂﬁér\%n'th%ih 709,963, cﬁé?gﬁzarﬁaﬁ‘o%%m&— X4 are CH.

6. Pol yrrer according to on cl al wherein Ris -CORY or
-COO-R, wher ei nthigniZy! pl"faﬁﬂé‘PéI ggk&adﬁ '§@ @,’ZaY'oms 25secondary

alkyl with 3 to B@nib[dtz)B}Sel@ﬁadlazdileaB,‘A-@ﬂMo!ﬂothpheﬁe-QQS-HQ/I(2Std)ms wher ei n
in all these gro ed by F.
7. Mononer of foﬂﬁﬁﬁ"?]ﬁatﬂt?ﬂ%%&ﬁﬁfﬁ?ﬁee §R‘?B—ié§f%¥l| %lﬁ?}% @} tula | as
defined in cl ai ntiend[3x-bithicphene24 6rdly|R3,Gdivihiarre-yhtkienalgs4gi ven in claim
3. 15 bJthiophene, thieno[3,4-b]thiophene-6,4-diyl, 6,4-di-thien-2-yl-

thieno[3,4-b]thiophene, 3,6-di-thien-2-yl-pyrrolo[3,4-c]pyrrole-1,4-

dione, all of which are unsubstituted, or mono- or polysubstituted,

with R or R as defined in claim 1.

20 5.  Polymer according to one or more of claims 1 to 4, wherein in the
unit of formula | X" and X® are S, and X? and X* are CH.

6. Polymer according to one or more of claims 1 to 5, wherein R is -CO-
RY or -COO-RY, wherein RY is primary alkyl with 1 to 30 C atoms,
25 secondary alkyl with 3 to 30 C atoms, or tertiary alky! with 4 to 30 C
atoms, wherein in all these groups one or more H atoms are
optionally replaced by F.

7. Monomer of formula la

30
R-A-R® la
wherein A is a unit of formula | as defined in claim 1, 5 or 6, and R?
and R® have the meanings given in claim 3.

35

8. Polymer blend comprising one or more polymers according to one or



- 59 - nore of clains 1 to 6 and one or nore additional polyners, wherein
t hese additional polyners are selected from pol yners having sem conducti ng,
char ge t rmopowmsiibol e/ el ectron transport, hol e/ el ect r orcClviBPekiong7ss?

el ectrically conducting, photoconducti or light emtting properties.
Formul ati on conpri sing one or nore polyfters or pol yner blends according to
one or nore of clains 1 to 6 and 8, and one or nore solvents, preferably
sel ected fromorgani c solvents. Use of a polyner, polyner blend or

formul ati on accordin . r f claij s . char ge
transport . s dBAELE PAINSa 80 FRER ocisBlBedubRalhotfingls shétRit "oy

light emitting rtheee iadnitiqnad)pp!y@mrﬁ areselecte frioonpolyaiass hayifig:,

el ectrol um nesC%m@ﬁn@b@ﬁﬁd,‘&ﬁa‘?&é%ﬂ%p@ﬁ,”ﬂ?&@ﬁé’l'é&rdﬂtrQﬁé(ﬁ&rES- Opti cal

el ectrooptical or electronjC conponent or device conprisin ?ne or nore

pol yners, pol yné?olgleé%gorbblopgmuﬁéﬁqt%??ﬁ'vmpet% ng’tﬁ?@"&c RIY of clains
1 to 65 8 and 9.|ig¢qmﬁmgtp;@rped@§,ce according to claim1ll, characterized
inthat it is selected fromthe group consisting of organic field effect

transistors (OFET), thin filmtransistors (TED, integrated circuits (1C),
| ogi c circui®9s, Eorpadation compaising bne pnemarg pagmeis ocpolymer pl#FdS) t ags,

devi ces or conpo . | ' L ' nic |ight
emtting transi S?%%ﬁlp&?%ﬁf& ﬁ g{tog%tgag[guh%gp a@gﬂgﬁg&ﬁtg% gr @rpg%i spl ays,
organi ¢ phot ovol selventgepraferblyoseiecteshiram erganis salveids. di odes,
phot ocgpduct ors, photodetectors, electrophotographic devices,
el ect rophot ogr aphi ¢ recordi ng devi ce 30or gani ¢ .menor evices, sensor
devi ces, chaf?%e Usp o @ Rﬂlymsgeﬁ’@}'m@ﬁileg@ ?'?@H?H%’r"?"l%ﬂ‘%ﬁgngrto O ayers in
loolt yrrtert i gp_t | enfridré I@g cwimdeisto(e;zulEa?u 9 & bhatgetrahspdes seplieovaductingg | ayer s,
antistatic filns r : . . N0
substrates, condﬁ'@gﬁﬁ’éﬂg%’ ﬁéﬁ%@ﬁd’gﬁ é’??é%@@ﬁgyiﬁfgﬁl;@ﬁnhtﬁﬁgw%r%bgglp
al i gnment 35| ayeopticdli electigoplical electionis, elestraluminesegntiaigs, security
devi cegg and co inRscafVeSRsohnts Hridakidedgd and discrimnating DNA -
60 - szguences. nqg%&rﬁr%]ongnt or Elgv?r?:g accor%gng to claim1l or 12, which
is an OFET or a bulk heterojunction OPV device. 14. Process of preparing a
pol ymer accoy i ngptiealeRecioopticdl &if elet@biie cbriporent By deviee!dongprigieg or  nor e
nmononers according to claim?7 with (?ach Bt hgr, ?nd/ QL i th one. or s jror e
monomers of the pagmpéorfé@yrﬂp_rwo ymer blends 'or formulations according to
one or more of claims 1 to 6, 8 and 9.
20
12. Component or device according to claim 11, characterized in that it is
selected from the group consisting of organic field effect transistors
(OFET), thin film transistors (TFT), integrated circuits (IC), logic
circuits, capacitors, radio frequency identification (RFID) tags,
25 devices or components, organic light emitting diodes (OLED),
organic light emitting transistors (OLET), flat panel displays,
backlights of displays, organic photovoltaic devices (OPV), solar
cells, laser diodes, photoconductors, photodetectors,
electrophotographic devices, electrophotographic recording devices,
30 organic memory devices, sensor devices, charge injection layers,
charge transport layers or interlayers in polymer light emitting diodes
(PLEDs), Schottky diodes, planarising layers, antistatic films,
polymer electrolyte membranes (PEM), conducting substrates,
conducting patterns, electrode materials in batteries, alignment
35 layers, biosensors, biochips, security markings, security devices, and
components or devices for detecting and discriminating DNA



wherein R2, R3 and Ar are as defined claim3 or 4, in an aryl-aryl coupling

reaction. 15 20 25 30
WO 2011/098113 PCT/EP2010/007887
-60 -
sequences.
13. Component or device according to claim 11 or 12, which is an OFET
or a bulk heterojunction OPV device.
5
14. Process of preparing a polymer according to one or more of claims 1
to 6, by coupling one or more monomers according to claim 7 with
each other, and/or with one or more monomers of the formula
10 R%-Ar-R®
wherein R?, R® and Ar are as defined claim 3 or 4, in an aryl-aryl
coupling reaction.
15
20
25
30

35



