WD 2012/ 019683PCT/ EP2011/ 003512 Ant hra[ 2, 3-b: 7, 6- bl di t hi ophene Derivatives
and their Use as Organic Sem conductors Field of the Invention The

i nvent i orwoebetmEsssto novel anthral 2, 3-b: 7, 6- bl di t hi opheRr€TdEPRINAIISVES,

nmet hods of their preparation, their use as sem conductors in organic

el ectronic (CE) devices, and to OE devi €ds conprising these derivatives.

10Background and Prior Art Linearly fused acenes, |like for exanple
pent acene derivatives, are a prom si ng class of nol ecul ar sem conducti ng
materials (J. E Anthon ew. Chem Int. Ed., 2008, 47, 452; J. E

Ant hony, CherrlAmbba[Z,ii}bOBG 11 itsiopdbere) Derimativels poditheir Wse astQigarficl m by
vacuum deposi tion, pentacene was s ghol e mobilities in excess of
lcn2vi1s-1wth very high curre%@ﬁﬁ)ﬂgpey‘gﬁlos greater than 106 (S. F.
Nel son, Y. Y. Lin, D. J. Gundlach, T. N Jackson, App!. Phys. Lett., 1998,
72, 1854). qugme@ﬁth\eaauemi@teposi tion is an expensi ve processing techni que
that iszunsuitable 20for the fabrication of |arge-area filns. Device

fabri ca'Yz'l on by sol ution processi ng was made possible by the introduction of
sol ubi | i si ng Theupentiontrakatesta aomiean’nkmaez 3rmE-y']dithioidnd derivdtieebynyl

groups, and Y, kt%%% u aw, T. N.
Jackson, D. llng at mﬁélrgrégéreﬁfon fhei %?ag Yéﬁ%g%)%i@)or%gé Si nce
then, there r@ie@tr@@édO@rd@m% apf tpLQE Iﬁi@rvloggmmnrlmngaﬂpsefderwgtlpem acene
core unit to inprove its sem conducting performance in field-effect

transi si@r (FE E devi ges. émt héa[ 2,3-b:7,6-Db]dithi ophene, which is an

| so-el eCtroni dPri acene, has been proved to be another class
of nol ecul ar 30sem conductors with i nproved performances in field-effect
transi stors ( Ant hon C. Kuo and T. N.
Jackson, %e%)éﬁég% %ng?ﬁ%é?p nesdgr’g{?gwg e, s. K
Park, S. R Rapm'alng\plasa)@fzmo&apular sexnicondkating, materigls (AhtEh(Ar;thody, Am Chem

Soc. 3008yer1§9%éﬁ) ChérP it T, 2001 4ea50. Phel /Y 'ohire@hgfﬂ 'Fgeu({\;ooga Loyd,

£ Ant hory, ahee.§0 Zé)r\%ﬁn%rf]‘: I%%S'fesi aSA@rN%J'%:ﬁ%ﬁ\ bysgeuunpdenosition, ( 29). 9144) '

pentacene was shown to have hole mobilities in excess of 1 cm?V's™ with
very high current on/off ratios greater than 108 (S. F. Nelson, Y. Y. Lin, D. J.
Gundlach, T. N. Jackson, Appl. Phys. Lett., 1998, 72, 1854). However,
vacuum deposition is an expensive processing technique that is unsuitable

20 for the fabrication of large-area films. Device fabrication by solution
processing was made possible by the introduction of solubilising groups to
the pentacene core, namely, trialkylsilylethynyl groups, and yielded
mobilities of up to 0.4 cm?V''s™ (C. D. Sheraw, T. N. Jackson, D. L. Eaton,
J. E. Anthony, Adv. Mater., 2003, 15, 2009). Since then, there have been

25 reports of further substitutions of the pentacene core unit to improve its
semiconducting performance in field-effect transistor (FET) devices.

Anthra[2,3-b:7,6-b’]dithiophene, which is an iso-electronic structure of
pentacene, has been proved to be another class of molecular

30 semiconductors with improved performances in field-effect transistors (M.
M. Payne, S. R. Parkin, J. E. Anthony, C.-C. Kuo and T. N. Jackson, J.
Am. Chem. Soc., 2005, 127 (14), 4986; S. Subramanian, S. K. Park, S. R.
Parkin, V. Podzorov, T. N. Jackson, J. E. Anthony, J. Am. Chem. Soc.,
2008, 730 (9), 2706) and in organic photovoltaic cells (M. T. Lloyd, A. C.

35 Mayer, S. Subramanian, D. A. Mourey, D. J. Herman, A. V. Bapat, J. E.
Anthony, and G. G. Malliaras, J. Am. Chem. Soc., 2007, 129 (29), 9144).



Silyl ethynyl ated anthra[ 2, 3-b: 7, 6-b] dithi ophenes and their use in OFET and
OPV devices are also disclosed in W 2008/ 107089 Al and US 7,385,221 Bl. In
order to woroteanoisaprove the carrier nobilities of the &CemPgQi1lodisenr

el ongation by fusing additional aromatic_rings have been attenpted.

However, this approach has been proven t@-npart instability and reduce the
sol ubility of the materials (M M Payne, S. R Parkin and J. E. 10Ant hony,
J. Am Chem Soc., 2005, 127(22), 8028. B. Purushothaman, S. R Parkin and
J. E. Anthony, Og. Lett., 2010, 12 (9), 2060). However, the OSC materials
of prior art, and devices conprising them which have been investigated so

far, do stil |S||Wé‘lﬁyﬁ?l\é%cﬁénﬁfr§[\@%kﬁ6 tﬁ}aﬁihib‘fahéﬂéﬁ aﬁBQHérrfu'sesn crpecial ly
t he SOlumllt%/dE)g{&a S|b|I|ty,I $ @ $ W@&Q@ﬁ? iﬂ%r $n/off rati o and
stability stidl eYIGEMA B2 FUPIBRERe R_1&hd UBhere i s
still a need 7,885Q20 Bhterial s that show good el ectroni c properties,
especiadly high charge carrier mobility, and good 20processibilty,

especially a high solubility in organic solvents. Mreover, for use in
OFETs there il® qdﬁe@dfmer@@grm@ﬂcaarsemmbllmesmfvtherpcmem liokar ge

injection Int@ohest.&eaywﬁgcatdd%rﬂaw%méwnh% RapQBEER efr\ad}eal ectrodes.

In addition, for~ OFETS riving es for

sel ected di spriayevet ﬁ*h‘élaé’@rﬁégﬁBﬁ%P@epé"avﬁ’ré&h'i”?%ms'@mmy?ﬂdH@d@S@

mat ﬁ” al's Ito mémdmmwrmrmeagbtbharsw NMobPagid €S R i Pakirfiand UOE. c]g)rrpat ability
wi t h anpgal i ng_praoce ed i c an aim of t

present nverffg?@ﬁn?'o‘?ﬁg@w %% 2@@§ W@Zg 89?%0}?!&;”‘(?@@%'@8% cting
mat eri al s t haR. Barkimantalv &. tA’rﬁhdmﬁv@r@lLetton(nlm ae (QDémGOt)rat erials as

descri bed above, and do especially show good processibility, good

solubility in organic solvents, high nmelting points and high charge carrier
nobi lity. AnotRwWEVvEs m%p&‘e@énatwamfmﬂm esddaviges eanepiming themor gani ¢

sem conduct | Whi&ﬁtrﬁi\leadéerﬁm’bh t@dfs@ faRedcsieRdve SENRGEI %%ﬁ%f( sl present
are, i medi a er|de tot&%“ex ert f m3 he f oW ng

|nvent|ﬁ§ &e

detail e desctthBtFirBHe IeS3eSpggla g’ef% Whn [oqeﬁé 't3éu r%%‘ﬁaﬁ'éerachl eved by
provi di ng compobilitis cxdoft ratiorand istalilit still &gt robnvionfumiver ikproverneat! ar, it
has been found that substitution of the term nal positions of

ant hr adi t hi ophene with sterically unhindered herteroaryls will lead to

co- pl anar con] werefere, Hrarads stilba needFop OS2 chadgrials tiphtestw goatl X- r ay

struct ur al anéb}fﬁbﬁm eréﬁi@srééfeéléﬂ}@ghldh%?qaé&%(mfe\’% ntye&?@ggyﬁ as

suggestf prior a vat i on does” 'not ect the
st abi | i andp@ﬁﬁﬁﬁplltiyt 95%¢C'?|I%a r%ﬂ"bW‘HP%'tys'Pnggﬁﬂ@eﬁﬂl\!%ﬂts Haeeyer, fohi s type
of nol ecul es lb\s'aé.m@FEtr@emereei@cu heed | lfcsr @)B@ miteiafs tHa‘? aﬁ@wfuﬁfproxﬂéﬁ t was also
found that G: T devi qg Si nrg] g ? ? ﬁ]
charge |nJec o he se |conduc ing layer fr e source-drain
electrodes. In addition, for OFETSs to be applied in OTFT driving
backplanes for selected display technologies, there is a requirement for
25 the OSC materials to exhibit improved thermal robustness in order for

compatability with annealing processes used in manufacturing.

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
30 art materials as described above, and do especially show good

processibility, good solubility in organic solvents, high melting points and

high charge carrier mobility. Another aim of the invention was to extend

the pool of organic semiconducting materials available to the expert. Other

aims of the present invention are immediately evident to the expert from
35 the following detailed description.



sem conductors show good nobility and on/off ratio values, and can easily
be prepared using solution deposition fabrication nmethods and printing
t echni ques0 20B88upesary of the Invention The invention r@CarPoLOISONPOUNdS

of formula I 25wherein one of Y1 and Y2 is -CH= or =CH and the other is
-X-, one of Y3 and Y4 is -CH= or =CH an@the other is -X-, 30 Xis -0-,
-S, -Se- or -NR-, -4 optionally replaced, in each case independently

from one anot her, by - 0- -S-, -NR, -SiRR-, -cyo=cyoo_ or CC in such a
manner that O and/ or atoms are not linked directly to one another, or
denote aryl ot wastfeupdithat thiess aimscarcbe paliexed by prRVigiNg eorpeunds as ut ed or

substi t ut ed bMaPﬂ@d ﬂ’ftH@;ﬁr‘és@h@Hﬂénhon'lﬂd‘%}ﬁ&%ﬂﬁﬂ wa§5e@ﬁ%hrm1&%& denote
aryl or hetero

to 20 t
substi t ut ed b%ab%'é utgn %ﬁhé %f’@iﬂ?gIpBg't'Pgsg?@%@é%'%ﬁ?&ﬁ’lﬁ?‘nﬁﬁ'c@y Br, I,
-OH, -CN, Nmnhmden“mer-tédﬁ‘é,ryls@ﬁmlead&@\d;o pl@haﬂtNﬁBgateQQQ)dmre as( O)R

substi (0 ed APOTeSBRUPEIECYSIE! petein sty Sha Vit B Phs tnrerinai n,
branched or cfusirgteshrigue as Rpggestedaapngn amthlmiypaldfﬁerimbtimﬂbrt doexD,
preferably 1 o dfedtthd efa%.ng'aqﬁa doiuth L&%ﬁéh&%@ﬂaﬁrs@mﬁgémmﬁgvé%h one

or nore F or at oms_ or roups, stral or cycl|c

al kenyl, al kythg typs) wyne'&rcytﬁﬁﬁnas a@kwm| in the kiaratwe seyabxy or

al koxycarbonyl oxy with 2 to 20, preferably 2 to 12 C atoms which is

unsubst uted or substitu e.or nore.F or, C atons or OH groups,

is a po mer i $XASA eU] ?E‘B}H’é ﬁ?f\é&'&%&ﬂ@‘w'%ﬁoﬁ?ﬁ"eﬁS%@ g’?en@?‘é( QPFRPUNDS 3l ogen,

R and Ri ndepesetaitonguofore abbwogdmd mibility antl covoféirdtid valuéd) dnd earR@asiyat ons,
be prepared using solution deposition fabrication methods and printing
techniques.

15 Summary of the Invention

The invention relates to compounds of formula |

20 Y
Ar1—<<2 I

25 wherein

one of Y' and Y? is -CH= or =CH- and the other is -X-,

one of Y> and Y* is -CH= or =CH- and the other is -X-,
30

X is -O-, -S-, -Se- or -NR”,

R" and R? independently of each other denote straight chain,

branched or cyclic alkyl with 1 to 20 C-atoms, which is

35

unsubstituted or substituted by one or more groups L, and
wherein one or more non-adjacent CH; groups are



35Y and Yi ndependently of each other denote H F, d or CN, -5 ms 1 or 2,
nis 1 or 2. 5The invention further relates to a fornulation conprising one
or nore cwopowdsesef forrmula | and one or nore sol vent s PCpEPREnandsy2

sel ected fromorganic solvents. The invention further relates to an organic
semi conducting formul ati on 10conpri si ng-8ne or nore conmpounds of fornula I,
one or nore organic binders, or precursors thereof, preferably having a
permttivity E at 1,000 Hz of 3.3 or less, and optionally one or nore
solvents. The invention further relates to the use of conpounds and

fornul ati ons 15accordi ng QRFQNMY seRIGERE. infAsHGase indepergeulvtirmsns ¢,

seni conducting, electri cadnhcyther)mijuﬂl g, mRBI osm?@lﬂ%.t Ltog’=acy¥ight enmitting
material in an optical, g?e&t roop i cal n| C %@c{t rol um nescent or

phot ol uni nescent conponents ~ot @é‘gan%'eltﬁ rﬂ%ﬁ?r PUPtHEMC el ates to
t he use of conpounds and lfrdqedm:eaqﬂgrte onecuralhery or dehbte anykeehéteroarght i on as

charge gransport, sem CO;\{JHEW th%Q ﬁﬁf‘é&ér’r&%hﬁ% f‘sqnglﬂl%%hﬂ?%c?pot oconducti ng

or light emtting materi ectrooptic ronic,
el ectrol um nescent or phot Sﬁ'ﬁh‘tﬁéékyeqne @bi’ﬁ%@néfﬂ@sok devi ces. 25 The
invention further relates to a charge transport, sem conducti ng,

electrically qndu ng, ot oc ht emtting materjal or

conponent conpt i&] r2one 'BBeHﬁP‘gergg’n‘a{ﬁﬁgﬁﬁ‘smBFr GPW%f%rn IRERAYIWVIRY to the

plresent i nvenltl on. I30 The4 it 20ningoatoms; wrﬁcrdh 8 optesndllg sabstfutéd BY one

el ectropgtical or e eCtrO&l'ﬁlS??:gﬁ ent or device conprising one or more
R

conmpounds, fornul ations materials according to the present
i nvention. 35The optical, electrooptical, electronic electrolum nescent and

phot ol uni nesceent  conponentseMctdf YiohPP-SPSIFIes, B tlesit-di T | on.
NCO, -NCS, -OCN, -SCN, -C(=0)NR°R®, -C(=0)X", -
C(=O)R’, -NR°R%, C(=0)OH, optionally substituted sily! or

15 germyl, optionally substituted aryl or heteroaryl having 4 to
20 ring atoms, straight chain, branched or cyclic alkyl,
alkoxy, oxaalkyl or thioalkyl with 1 to 20, preferably 1 to 12
C atoms which is unsubstituted or substituted with one or
more F or Cl atoms or OH groups, and straight chain,

20 branched or cyclic alkenyl, alkynyl, alkylcarbonyl,
alkoxycarbonyl, alkylcarbonyloxy or alkoxycarbonyloxy
with 2 to 20, preferably 2 to 12 C atoms which is
unsubstituted or substituted with one or more F or Ci
atoms or OH groups,

25

P is a polymerisable group,

Sp iS a spacer group or a single bond,
30 Xx° is halogen,

R% and R® independently of each other denote H or alkyl with 1 to 20
C-atoms,

35 Y? and Y*° independently of each other denote H, F, Cl or CN,



-6 organic field effect transistors (OFET), thin filmtransistors (TFT),
integrated circuits (1C), logic circuits, capacitors, radio frequency

i denti fi caDi20re/1RBBD) t ags, devices or conponents, orgamrCt/Hreghtoodsnttti ng
di odes (OLED), organic light emtting transistors (OLET), fiat panel

5di spl ays, backlights of displays, organbc photovoltaic devices (OPV),

sol ar cells, |aser diodes, photoconductors, photodetectors,

el ect r ophot ographi ¢ devi ces, el ectrophotographic recordi ng devi ces, organic
menory devi ces, sensor devices, charge injection |ayers, charge transport
| ayers or intmrlayers in ipol 9h@r |ight emtting diodes (PLEDs), organic
pl asnon- 10em tting di odes (OPEDs), Schottky di odes, planarising |ayers,
antistatic filns, polymer electrolyte nenbranes (PEM, conducting
substrates, ddbnducting paftePhd; eiectrode materials in batteries,

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

devi cesg and onent s .or., devi ces .for, det ting and.discrimnating DNA
sequenc%s 15%%?'3@”58”&'%?5 CEICRIT fPHEuF ﬁ?ﬁ"&ﬂr'moe%r%@w&s of the
present i nventcdrpoands efifoymuba § gnd lves czrefnemllscﬂvémtbi preferabhaseladiednt ageous

properties, e carrier 20nobility, a high nelting point, a
hi gh sol ub| I |¢§rﬂlﬁg§bgarﬂq\zéitgl vents, a good processability for the device

manuf act ure process, a high oxi dative stability and a long lifetine in

el ectroni c deyh&ffventiBn3ddhét @Iate%h@lénsé@%k@%nfn%hﬁﬂ& fRfMaRBAeoUS

propert §S: 25|%Pln contrast to acen entacene, the

e
addi ti o of hed B%IPQIO”&WU%‘Qr%HPBIPPHQdﬁﬁ‘?fﬂrﬁ'tH'@ hl%@n@o&maa%c expect ed
to extend t hebmdélsu@afpr@ctwbel‘wmbr%ﬂ bmiérab@clﬁa\flhglaf}%rhhﬁwﬁ? abad 1 bpoof the

I p d h ddi I
e nnsi b shabst i, S BhrEAN L PLRRA ST bing oup of tne
nol ecul e by 30predomi nately lowering the LUMO energy |evel. The HOMO | evel,
however, I > ["Eﬁé”ﬁ(/e"ﬁft BﬁCfGﬁﬂﬁlbbélétEb%ttIYé)ﬁsQ%f i%r_tpﬁbh['ﬂg a?lp foﬁ'ﬁul%l’?i?)ﬁg'o' n Tabl e

1 bel ow, IS conte ust ness erial’s "agai ns xi dati on
will notSbe a3scrdiag tehe mresentdnvritiosraseharge transpps semicanducting,

2012/ 019683P(dleEriéay c8A8adthg, photoconducting or light emitting material in an

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

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

25
The invention further relates to a charge transport, semiconducting,
electrically conducting, photoconducting or light emitting material or
component comprising one or more compounds or formulations according
to the present invention.

30
The invention further relates to an optical, electrooptical or electronic
component or device comprising one or more compounds, formulations,
components or materials according to the present invention.

35 The optical, electrooptical, electronic electroluminescent and
photoluminescent components or devices include, without limitation,
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35

organic field effect transistors (OFET), thin film transistors (TFT),
integrated circuits (IC), logic circuits, capacitors, radio frequency
identification (RFID) tags, devices or components, organic light emitting
diodes (OLED), organic light emitting transistors (OLET), flat panel!
displays, backlights of displays, organic photovoltaic devices (OPV), solar
cells, laser diodes, photoconductors, photodetectors, electrophotographic
devices, electrophotographic recording devices, organic memory devices,
sensor devices, charge injection layers, charge transport layers or
interlayers in polymer light emitting diodes (PLEDs), organic plasmon-
emitting diodes (OPEDs), Schottky diodes, planarising layers, antistatic
films, polymer electrolyte membranes (PEM), conducting substrates,
conducting patterns, electrode materials in batteries, alignment layers,
biosensors, biochips, security markings, security devices, and
components or devices for detecting and discriminating DNA sequences.

Detailed Description of the Invention

The compounds of the present invention are easy to synthesize and
exhibit several advantageous properties, like a high charge carrier
mobility, a high melting point, a high solubility in organic solvents, a good
processability for the device manufacture process, a high oxidative
stability and a long lifetime in electronic devices. In addition, they show the
following advantageous properties:

i) In contrast to the acenes higher than pentacene, the addition of
heteroaryl groups onto the anthradithiophene core is expected to extend
the conjugation length without sacrificing the stability of the materials.
Semi-empirical (PM3) calculations indicate that additional a-terminal
thiophene rings to the ADT core reduce the band gap of the molecule by
predominately lowering the LUMO energy level. The HOMO level,
however, is hardly affected by this type of substitution, as shown in Table
1 below. In this context, the robustness of ADT materials against
oxidation will not be affected by this elongation of the n-system.

-7.59



-7.60 -1.72 R =S R=S/ -7.62 -1.80 S

WO 2012/019683 PCT/EP2011/003512
-7-
Table 1
SiMe,
S S
4 mR HOMO | LUMO
s = ) | (eV)
10 SlMe3
R=H 759 | -1.59
R= @\ 760 | -1.72
S .
15 7\
S
R= () S 762 | -1.80

ii) Due to the low single-bond torsional potential in 2,2’-bithiophenes,

20 incorporating five-membered heteroaryis onto the ADT terminals is
expected to create co-planar conjugated molecules in the solid state. The
co-planarity has been proven by the single crystal X-ray structural analysis
of one of the examples of the present invention. The extended conjugation
length of the molecules, combined with solublising groups of matching

25 sizes on the perpendicular direction (like R' and R? in formula ), increase
the intermolecular n-n overlap by adopting the face-to-face arrangement in
the crystalline state and hence enhance the charge mobility by maximizing
electronic coupling between adjacent molecules.

30 iii) The low single-bond torsional potential in 2,2"-bithiophenes as
described above enables essential free-rotation of the terminal heteroaryl
groups in the solution states. Thus, these new molecules will be expected
to have higher solubilities compared with the fused ring analogues of
similar lengths. Good solubility of organic semi-conducting materials is of

35 crucial importance to solution processing via mass-production printing
techniques such as ink-jet printing. Some of the examples of this invention



i) Due to the | ow single-bond torsional potential in 2,2'-bithiophenes,

20i ncorporating five-nenbered heteroaryls onto the ADT termnals is

expect ed wo 20rab@3co- pl anar conj ugat ed nol ecul es i n t hecsaredimvzsie. The
co-planarity has been proven by the single crystal X-ray structural

anal ysis of one of the exanples of the pBesent invention. The extended
conjugation length of the nol ecul es, conbined with solublising groups of

mat chi ng 25 sizes on the perpendicular direction (like RL and R2 in formula
), increase the internolecular TC-TC overlap by adopting the face-to-face
arrangenent ipossess sojuhiliflds nd wt & é haldghpated rythacareonbealkylateye nobi lity
by maxi m zin Ot id ] t ecules. 30iii) The

| ow singl e- bgoneglzt%@rre%i 1(i)}ir]‘:'flzl %?&%@%&W?%@g&gwﬁﬁgoﬁ;ﬁgﬁés as descri bed above
enabl es essential free-rotation of the term nal heteroaryl groups in the

sol ution st atigsAn Haditioridl eenefitgainet agithe enbiahte@ofliRREbAJeAGth e i gher
solubilities conpared Wthtft?gﬁh us%g r#nrﬁ aﬁl ogues of siml.ar |engths.
Good sof ubi | i 1§W HiOIBFYSRIR © (FHRS fsTHRSRiYre NSTeases. Hhisdsanqiigch
i nport ance t aesalt of tminoreasssinternvolacutas s-mintetactiors) hencetingrgased hni ques
such as ink-j.et. arinti - | S N -
possess sol ub'?chg i_ée'{sgrgg% \t/{fe’p H&s%{liiégﬁggééﬁgf%ogﬁﬁ%}gg(?g@ggglés. Q?f%{/}?%ajd
benzenes, THBcaMMiNG cgo(ineip Weasylefeenty shiowl that mashef the ¢ryptallineaddi t i onal
benefit gai neghip¥ i fifis NEHIRRIE ABE H@RtURIRr 138090 MérphBRgical stability of
10 the thin crystalline films of semiconducting materials is essential when any
annealing process is required during device production, and when
localised spot temperatures may rise in working devices.

Preferably in the compounds of formula | X in each occurrence in the
15 groups Y'* has the same meaning.

Very preferred are compounds of formula | wherein X is S.

Further preferred are compounds of formula | wherein n and m have the
20 same meaning.

Further preferred are compounds of formula | wherein n = m =1.

The heteroacenes of the present invention are usually prepared as a
25 mixture of isomers. Formula | thus covers isomer pairs wherein in the first
isomer Y' = Y? and Y? = Y*, and in the second isomer Y' = Y* and Y? = Y2,

The compounds of the present invention include both the mixture of these
isomers and the pure isomers.

30
The pure isomers may be obtained from the mixture of isomers for
example by methods known to those skilled in the art, including but not
limited to high-performance liquid chromatography (HPLC).

35 R" and R? in formula | are preferably identical groups.



5new nol ecules is that the nelting tenperature increases. This is a direct
result of the increased internolecular Tvrc interactions, hence increased

| atti ce ewergie/iipesthe crystalline states of conjugated molrEPad1@903512
Differential scanning calorinetry measurenments show t hat nost of the
crystalline solids in this invention do-f8et nelt under 300 C. Morphol ogi cal
stability of 10the thin crystalline filnms of sem conducting materials is
essential when any annealing process is required during devi ce producti on,
and when |ocalised spot tenperatures may rise in working deV| ces.

Pref erabl y i nVemyepretarfrsiats comppyneds ohfarmula hw@@mnd%camd/enae denotene

15groups Y1- %n@aﬂ %é@fﬁRWQh%tmN&W&%s@ﬁ&éa%ﬂ R g@gﬁ offan§ Or mul a
| wherein Xis urt her re erred are rmJIaI
wherein n and®®™ ﬂ'é%tef%vm%wm ”'PQJ?%Q"(@ %T@rw*@ﬁ'bémé't%ﬁbounds of

formula | whesigistituted by ctie oﬂ'hmrb@tr@mp@p@gafefmbdtm\,@r esent invention are
usual | y=prepared as a 25m xture of isonmers. Forrmula |I thus covers isoner
pairs erein inthe first isoner Y1 = Y3 and Y2 = Y4, and in the second
i somer Y1 = VAR L2 an agtiorally substibded silgforigeemyt gmoempt, itiimpesferaty i ncl ude

both the mxtégg a4 &f'?ﬁé?or‘n?&’lﬁqfs and the pure isoners. 30 The pure isoners
may be obt ai neci ?rom e mxture of isoners for exanple by nethods known to

those skilled in the art, including but not limted to high-performance

| i quid chromaipggreriy (HPLC). 35R1 and |R2 in fornula | are preferably

i denti Cﬁé groups. WO 2012/019683PCT/ EP2011/ 003512 -9 Very preferred are
conpoun of formula | wherein RL and/or R2 denote - CC-R3, wherein R3 is
an optional | ywhelegti tuted silyl or gernyl group, or an aryl or heteroaryl
group with 1 to 20 ring atons which is unsubstituted or substituted by one
or nore groups L as defined above. If R3 or L is an optionally substituted
silyl or gerndl group, istSiios e airefeipbly Sieardt ed of the fornula Il 11 10

15 R', R", R" are identical or different groups selected from the group
consisting of H, a straight-chain, branched or cyclic alky! or
alkoxy group having 1 to 20 C atoms, a straight-chain,
branched or cyclic alkenyl group having 2 to 20 C atoms, a
straight-chain, branched or cyclic alkynyl group having 2 to 20

20 C atoms, a straight-chain, branched or cyclic alkylcarbonyl
group having 2 to 20 C atoms, an aryl or heteroary! group
having 4 to 20 ring atoms, an arylalkyl or heteroarylalkyl group
having 4 to 20 ring atoms, an aryloxy or heteroaryloxy group
having 4 to 20 ring atoms, or an arylalkyloxy or

25 heteroarylalkyloxy group having 4 to 20 ring atoms, wherein all
the aforementioned groups are optionally substituted with one
or more groups L', and

L has one of the meanings given for L in formula |, which is
30 different from a silyl and germyl group.

Preferably, R', R" and R™ are each independently selected from optionally
substituted and straight-chain, branched or cyclic alkyl or alkoxy having 1 to
10 C atoms, which is for example methyl, ethyl, n-propyl, isopropyl,

35 cyclopropyl, 2,3-dimethylcyclopropyl, 2,2,3,3-tetramethylcyclopropyl,
cyclobutyl, cyclopentyl, methoxy or ethoxy, optionally substituted and



wherein Ais Si or CGe, preferably Si, and 15R, R', R'are identical or
different groups selected fromthe group consisting of H, a straight-chain,
branched wo 2012001p83al kyl or al koxy group having 1 to 20PCT&PoNE/003512

strai ght-chain, branched or cyclic al kenyl group having 2 to 20 C atons, a
strai ght-chain, branched or cyclic al kynyy -group having 2 to 20 20C at ons,
a straight-chain, branched or cyclic al kyl carbonyl group having 2 to 20 C
atons, an aryl or heteroaryl group having 4 to 20 ring atons, an aryl al kyl
or heteroaryl al kyl group having 4 to 20 ring atons, an aryl oxy or

he}] eroaryl orystganghtpcﬂmimj banthed &O:ytlimglk@hyhalkyoyl analkylgheony! ﬁ?\wngﬁ
25het er oary 0 e

af orenent i onatjgkﬁr gfj%o%rgﬁlgﬁYéoﬁbgquah@ %g @ggg&rﬁr@h %ﬁg{ e"]‘%ﬁ & roups
L', and L' hasbldﬂ'éeovl t3h@tré@nvhg>§ogyménrfacetyL QpﬂOﬁaHmlulastltutedmryh i S

30di fferent yﬁé’tg}@arz! Wla gﬂoﬂﬁét@éa@ra%w ary B&gfo‘?rh%l?é% r?av.ggght L are

each i n,gepen ently rom optionda stitute str hai n,

él ect
branched or cy@Ffing aPws W g‘l'crh'lskfek9"%’5‘\9'%@*‘%”%"op'i@ylcbﬁﬂéﬂsz'fmndh3 s for

exanpl e net hythiergf,lBcbelemophenyl, N-amyippydl-2-3EssAeHxgPy |
2, 3-di et hyl cycl opropyl, 2,2, 3, 3- tetranethylcyclopropyl cyclobutyl
cyclopentyl nmet hoxy or ethoxy optionally substituted and - 10 -

st rai ght - chai Furthergpreferdedis awiyliar garyhgioupadfidprmlladi whlekgihaarebomyl havi ng
2to 12 C ato Chii n | nyl ,
cis-2- but-2- rg%r? Whg é’léﬁ @é@'ﬁﬂ%r%lfﬂ 1Héo§' {%{i%? q?(,%gétmoangﬁ% giﬂ@%’t I tuted
aryl , h@@eroa@@lfefaéfwm%\rlkglz t@r8 ﬁe@t@fﬂﬁaryl al kyl, aryloxy or heteroaryl oxy
having 5 to 510 ring atons, which is for exanple phenyl, p-tolyl, benzyl,

2-furanyl, i en 2- sel enophenyl , met hyl pyrrol - 2-yl or phenoxy

Furt her pr ef ePpegarqbiyérgqn rgﬁ%o@e{f]’%}”ag'j&ﬁft? %@”@J’Pmﬂ tig 9N wherein one or
nor e ?f Rbl R’xetemlaremamggfbhprvwm 4 lto LHaing atomsGQvfi%h)@dTQhﬁl ér cycl }C grf)up
10preferably AL or Ar2.in formula |
denot e an ar o&r@y&@g'gr &fﬁ%ﬁ&?mf}%ﬁ&ﬁﬁ%%’rﬁ. diy “55"?53?18‘3&@6% whi ch
i s monoldor pmry‘cgatdzdtpeacféothetrmylmlesbondmtmlqmnltmntwo aronerel fadedi dual
rings that arﬁngﬂsﬁ a%arwr%&tewebehe ghs%esﬁsmm%dse, b%ulﬁggggﬁth%né% tain two

or nore fused r wher ei n ring 1s unsubst or substituted
with one or nﬁ\oéeﬁf‘?}!ﬂ% @Sé’seﬁ(ﬂ‘@\d ghayeabove.

Very preferably Ar' and/or A% in formula | are selected from the group

20 consisting of furan, thiophene, selenophene, N-pyrrole, pyrimidine,
thiazole, thiadiazole, oxazole, oxadiazole, selenazole, and bi-, tri- or
tetracyclic groups containing one or more of the aforementioned rings and
optionally one or more benzene rings, wherein the individual rings are
connected by single bonds or fused with each other, and wherein all the

25 aforementioned groups are unsubstituted, or substituted with one or more
groups L as defined above.

Preferred aryl or heteraryl groups containing fused rings are for example
thieno[3,2-bjthiophene, dithieno[3,2-b:2',3"-d]thiophene, selenopheno[3,2-
30 b]selenophene-2,5-diyl, selenopheno[2,3-bjselenophene-2,5-diyl,
selenopheno[3,2-bjthiophene-2,5-diyl, selenopheno[2,3-b]thiophene-2,5-
diyl, benzo[1,2-b:4,5-b'ldithiophene-2,6-diyl, 2,2-dithiophene, 2,2-
diselenophene, dithieno[3,2-b:2",3'-d]silole-5,5-diyl, 4H-cyclopenta[2,1-
b:3,4-b’Jdithiophene-2,6-diyl, benzo[b]thiophene, benzo[b]selenophene,
35 benzooxazole, benzothiazole, benzoselenazole, wherein all the
aforementioned groups are unsubstituted, or substituted with one or more



Very preferably Arl and/or Ar2 in formula | are selected fromthe group
20consi sting of furan, thiophene, sel enophene, N-pyrrole, pyrimdine,

t hi azol e,wohhediloesel e, oxazol e, oxadi azol e, sel enazol e, PamdEPRIH /003512 - Or
tetracyclic groups containing one or nore of the aforenentioned rings and
optionally one or nore benzene rings, whetein the individual rings are
connected by single bonds or fused with each other, and wherein all the
25af orenenti oned groups are unsubstituted, or substituted with one or nore
groups L as defined above. Preferred aryl or heteraryl groups containing
fused rings agmupsrL asaefihedtabioyro[ 3, 2- b] t hi ophene,

di thieno[3,2-b:2",3 d]thiophene sel enophenol 3, 2-

30b] sel enophene- 2, 5-di yl, sgel enopheno[ 2, 3- b] sel enophene- 2, 5-di yl,

sel enopheno| BN@SBPEQfPEﬁ?r%ﬁé Qng%ﬁﬁ]'n f@é’l“él?ob@f@rﬁf{@ctsdliqquhﬁ)gm 2, 5-
diyl, benzo[ 1¢gn§stﬂ,gsopﬂh@fonb@m@e@.@7eg.e§ diyl, 2-di t hi ophene, 2, 2-
dlselensphene dithieno[3,2-b:2",3 -d]silole- 5 5 diyl, 4FLcycIopenta[2,1-
b: 3, 4- bYdi t hi ophene- 2, 6-di yl benzo[b]thlophene benzo[b]selenophene,
35benzooxazol e, ‘Ben hi azol ¥ zosel enaxol eX wherein al | the

af orenenti oned ¢rpu are urns §t t ut ed, r/ stitute B \{h one or nore
groups L as dek (g bove. -eferab rjand/or A2 #n formula | are
sel ected fromthe gro@p condis of thelfobe o ng mX et Pes: wherein X has
one of the rreani ngs of L gi ven above, and _is preferablyyd, 25F, d, Br, I,
CN, COO—lo CONRR, or al or per fluoxoal kyl hayind 1 to 20 C atons, o
is 1, 2103 or & the das él ne denot he | i nkag (he adj acent
ring mforrmlaI ery prefeplr Conpodn _of/formul a ar e/t hose of the
fol I owing form}kaesS 30 - 1X- S§ R R'R' N X
X X X
X X
X o) X Se X o) X s
15 ) ) - >
X X X N X N
X X X X
X X X
X Se S
20 = X Y x—=< [ >
X N S S S
X X

wherein X has one of the meanings of L given above, and is preferably H,

25 F cl, Br, 1, CN, COOH, COOR’, CONRR®, or alkyl or perfluoroalkyl
having 1 to 20 C atoms, ois 1, 2, 3 or 4, and the dashed line denotes the
linkage to the adjacent ring in formula .

Very preferred compounds of formula | are those of the following formulae:
30

35



SRR'R" 10 15 SRR'R" S R R'R wherein R, R' and R' are as
defined in fornmula Il. 20 Above and bel ow, an al kyl group or an al koxy
group, i.woaldbesahere the termnal CH2 group is repl aeed/BErgoH00351ZaN be
straight-chain or branched. It is preferably straight-chain, has 2, 3, 4,
5, 6, 7 or 8 carbon atons and accordinglyis preferably ethyl, propyl,
butyl, pentyl, hexyl, heptyl, octyl, 25ethoxy, propoxy, butoxy, pentoxy,
hexoxy, heptoxy, or octoxy, furthernore nethyl, nonyl, decyl, undecyl,
dodecyl, tridecyl, tetradecyl,ggentgdecyl, nonoxy, decoxy, undecoxy,
dodecoxy, tridecoxy or tetradg R™f or exanpl e. 30An al kenyl group, i.e.
al kyl wherein one or nore CH2 Proups are replaced by -CH=CH can be
straight-chain or branched. It'is preferably straight-chain, has 2 to 10 C
atons and accord&ggly is preferab vinyl, prop-1-, or prop-2-enyl, but-1-,
2- or but-3-enyf;\peny- % ; -nt/uw-nyl, hex- 1-, Zn, 3-, 4- or
hex-S-%gyl, hept_- #-, %% o/ hept -6-enyl, oct-1-, 2-, 3-, 354-,
5-, 6- “r oct-7-enyl, “hon-1-, 5-, 6-, 7- or non-8-enyl, dec-1-,
2- , 3, 4-, 5-, 6-, 7-, 8- o[

SiRlR"RIII
10 SiRIRIIRIII
Fs S
P 7% A P a 12
S = STk
15 | |
SiRIRIIRI"
wherein R’, R" and R"™ are as defined in formula |l.
20

Above and below, an alkyl group or an alkoxy group, i.e. alkyl where the
terminal CH2 group is replaced by -O-, can be straight-chain or branched.
It is preferably straight-chain, has 2, 3, 4, 5, 6, 7 or 8 carbon atoms and
accordingly is preferably ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,

25 ethoxy, propoxy, butoxy, pentoxy, hexoxy, heptoxy, or octoxy, furthermore
methyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,
nonoxy, decoxy, undecoxy, dodecoxy, tidecoxy or tetradecoxy, for
example.

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

35 4-, 5-, 6- or oct-7-enyl, non-1-, 2-, 3-, 4-, 5-, 6-, 7- or non-8-enyl, dec-1-, 2-
, 3-, 4-, 5-, 6-, 7-, 8- or dec-9-enyl.



- 13 - Especially preferred al kenyl groups are C2_C7-1E-al kenyl ,

C4A- C7- 3Eal kenyl , C5-C7-4-al kenyl, C6-C7-5-al kenyl and C7-6-al kenyl, in
parti cul awoCB2D1968E- al kenyl , C4- C7- 3E- al kenyl and C5- C7P¢TaiPR@nypbisiExanpl es
for Sparticularly preferred al kenyl groups are vinyl, 1E-propenyl,

1E- butenyl, 1E-pentenyl, 1E-hexenyl, 1E-f@ptenyl, 3-butenyl, 3E-pentenyl,
3E- hexenyl , 3E-heptenyl, 4-pentenyl, 4Z-hexenyl, 4E-hexenyl, 4Z-heptenyl,

5- hexenyl, 6-heptenyl and the like. Goups having up to 5 C atons are
generally preferred. 10 An oxaal kyl group, i.e. alkyl where a non-term nal
CH2 group is replaced by -0-, is preferably straight-chain 2-oxapropyl

(=nmet hoxynet h . = - gxaput =2- xyethyl), 2-,
3-, or 4- oxap%%%?ﬁ',gnyﬂ-g re?éﬁ%?ﬁ?ér@?béo Xsa%ee%;i-,ey-éﬁ-a%_e ,%ylg-%f“'rtg-',ggbr

6- oxaheptyl , a@keng, CsL7-4mlkeryl, Gg-C7-5-alkorylowid/Cr-62alkemyl, ingeartigular 6-, 7- or
8- oxanonyl ore2o.-fE -CO3FL (X4 e. In an
al kyl g gup vﬁéﬁgi h%_-gﬁllgé'n "Zq(‘tgﬁgﬁéz ?'s‘(erﬁgl[gﬂdcgé by gg(@ﬁglngxgnhd@ﬁ%rwjmz group
is replaced bpatiedarlynreterredaikeqyareres gre vewhiiErianegbhJi-eutenyb

Accor dibngl?/ thE%%riteg:Wl,CﬂE&\é)@??t,Hg—hé?tﬁﬁya@t&ltéﬁwyBEprrﬂéﬁMP - 00- 0- gr han ,

oxycar bon - 0- D0+ refe | roup | ai -chain an as

toy6 C at grrs%%%ixg%gggf Iag%%lnxy/[ %F%%’g?%[ﬁﬁgmygﬁﬁ'ﬁ%%}yﬁ*onyI oxy,

Eut yry: OXY, péﬁfrmpmwx@-hehenwnﬁwe!pltgmylmthb?ﬂ(pﬂ@kd:]lyrlbs havingiupntyl HEy net hyl ,
t t , 2- t t )

utyryl oxyme 5%"5 ﬁﬁé@@gﬁﬂ?wé@}@ acet yl oxyet hy

252- propi.onyl oxy yryloxyet hyl, 3-acetyl oxypropyl, 3-propionyl-
oxypropy¥Y, 4-acetyl oxybutyl, nethoxycarbonyl, ethoxycarbonyl,

pr opoxycar bongh,oxauikyk yFRIDPRY hikyPRAERXY ¢RNDEAWINal @‘*HJ@%SME% F&ﬁ¥+é@t hyl',
et hoxycar bony| net hyl 0QQXx gar’giﬁn I mh |, bu F-erc roonyl et 2y ,

2- (et hoxycar BHn T:)‘%Pﬁ%[ Y% f 3%'3 -ﬁ%ﬁ?m@ = Q&PMWSS%}L -

EO?ar bﬁnypet h@deth(?bq(mmhm)wcsao*ﬁ&{(myl)(Eﬁepytho@e(h;?l)h%)&,a@rbﬁ@xbbéﬁ Vd-,

- (met hoxycar Qony! ) - b NpalKyl @roun. e Wo, o, nor groups
are repl aced yQ&}'OQ_:r g#%%h?xﬁo%o? ’cjén%b’e&g? }gg%‘“rﬁtg'c?:ﬁ] r’r%r §'n‘8'h d. It is
pref er abhPy st oxaeiyl, 235:héi, $-afrd 7Thas 83oxanony! O 2+ Sred-, BedorTdj Bgby9it is
preferably bi gzeqddiPr¥r exdbpid.. 2, 2-bi s-carboxy-ethyl,

3, 3-bi s-car boxy-propyl, 4, 4-bis-carboxy- WD 2012/ 019683PCT/ EP2011/ 003512 -
14 - butyl, 5, 5-bis-carboxy-pentyl, 6,6-bis-carboxy-hexyl,
1071 8| E_— car bow@ﬁigtwyl r&g&NhE%ﬁ@hémf ﬂiusﬂl is r8p|8tﬁ@dlj HyCO-yaritngt |
, 10- bi s-car ydecyl i S- t car bonyl.) - met hy .
2.5 b1 s et noey PO ISP e By SO B8 Phatalb A relorany niapured.
4, 4- bi s20met hAryordingiyiHegsemaydals todetihersform a carbonyloxy group -CO-O- or
an oxycarbonyl group -O-CO-. Preferably this group is straight-chain and
has 2 to 6 C atoms. It is accordingly preferably acetyloxy, propionyloxy,
butyryloxy, pentanoyloxy, hexanoyloxy, acetyloxymethyl, propionyloxy-
methyl, butyryloxymethyl, pentanoyloxymethyl, 2-acetyloxyethyl,

25 2-propionyloxyethyl, 2-butyryloxyethyl, 3-acetyloxypropyl, 3-propionyl-
oxypropyl, 4-acetyloxybutyl, methoxycarbonyl, ethoxycarbonyl,
propoxycarbonyl, butoxycarbonyl, pentoxycarbonyl, methoxycarbonyl-
methyl, ethoxycarbonylmethyl, propoxycarbonyimethyl, butoxycarbonyk
methyl, 2-(methoxycarbonyl)ethyl, 2-(ethoxycarbonyl)ethyl, 2-(propoxy-

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

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

and/or -COO- can be straight-chain or branched. It is preferably straight-
35 chain and has 3 to 12 C atoms. Accordingly it is preferably bis-carboxy-

methyl, 2,2-bis-carboxy-ethyl, 3,3-bis-carboxy-propyl, 4,4-bis-carboxy-



5( et hoxycar bonyl ) - pentyl, 6, 6-bi s-(nethoxycarbonyl)-hexyl, 7,7-bis-

(met hoxycar bonyl) - heptyl, 8, 8-bi s-(nmethoxycarbonyl)-octyl,

bi s( et hoxwyoant2anyes}- net hyl , 2, 2- bi s- (et hoxycar bonyl ) - et Ir¢IT/EP2011/003512

3, 3- bi s(et hoxycar bonyl) - propyl, 4, 4-bis-(ethoxycarbonyl)-butyl,

5, 5-bi s(et hoxycarbonyl)-hexyl. 10 A thi.opd kyl group, i.e where one CH2
group is replaced by -S-, is preferably strai ght-chain thionethyl (-SCH3),
1-t hioethyl (-SCH2CH3), 1- thiopropyl (= -SCH2CH2CH3), 1- (thiobutyl),
1-(thiopentyl), 1-(thiohexyl), 1- (thioheptyl), 1-(thiooctyl),

1- (t hi ononyl )butt 6tmbmdem~bb)<y-pbn@|hﬁ susigayboxyohiexyl, 23(Hidica yl),

wh f th 2 di |
DHGIGE RTR NE T R e e K
chiral group.deeyt, tbl&tﬁmthqp(y[@aéiwmwiylr%ﬂ lgsﬁmp@ca«yeaﬂ)dmyl)yéthyl

et hyl hexyl @é'%s é'?‘e%ﬁ’éhf’éwn* é)%ﬂyf‘g‘ﬂ? %ﬁg‘@@m&k‘ﬁﬁfé W8S P but oxy,
2- et hy? pent dRyethaxysa 9T‘¥J Q@%ﬁWH@Mﬁ?rb‘)ﬂy ﬁe%@)@y

2-octyl oxy, Q(n‘iétﬁoﬁydﬁ?bbb{%%b]ﬁyl B 8BIS( ety eh RNy loct - gRt hyl hexyl,

AN b e G o o e

2- et hyl but yr(‘yeltlmogy,caﬁadmﬂ)hyrlopgl & HpissathoXyoned by hiextg Gy5-bisaxy,

2- chl or pr opi @YA& I 3 met hyl but yryl oxy,
2- chl or 0- 4- met'hy Iaery xy, chI or o- 3- et hyl val eryl oxy,

2- met hy103 oxapentyl, 2-nmethyl-3- oxahexyl, 1-nethoxypropyl-2-oxy,
1-et hoxypropyAn%ogW?rﬂew @BWE%WC?E o %r@;&lgeé%ggg@él.é OXY,

2-f 1 uor ooct yl ox oct yl oxy,

1,1, 1-trifl uo‘?r@}{eﬁéblt%ﬁfa‘g'Zt“F'F%BF'&'Hﬁt%W'dCEEQH@)xﬂ -thigetyldnft H2CHle). y1pr ef er r ed
are 2-hexyl, tRicpgropyl.(= ZSOJHMI'@QQA-Iz)lMQtﬂlobUtyﬂ 4QEiogehty )/L(thlcaﬁ'exjﬂ) 1-

L voro. 2 hitheasR, bybudohth L HBighsrn e Mm«ﬁ%w&pgr ROUSIES L Y1

( =3- met h§1 but (ghipdodecyl), anrryerblmtm‘eferablymweﬁbbdygronmaadlﬁag:émtrtopba)sp nd

3- et hyl but -CH=CH, - CF=CF-
Clrr_zc(é\l)u O)%béigesnéoﬁ\é‘ng%fjgxgtbﬁ' S %i%[r:e erably F, CI or Br. '(I)'[le

conpounds of formula I nmay al so be substl tuted with a pol ynerisable or

reactive groug!, RMRRY EndIR 68 bearPEaNiRg 0Pd il Bl g¢>a‘?ﬁ&9§ﬁ§ of forning

the pol ymer. Partic r preferred ou are those of
formﬁl ayl tha@re&ffﬁgpﬁrﬂpﬁoﬂpsﬁﬁ? 3W§t‘ﬂfrﬂéﬁlyéor99%| medayibbtyl.2- 105p,

wher ei 2@ i s mettojipereyl, SabémymemﬂaetethﬁhskﬂU@p@@p‘ylﬁ@nt‘yﬁ i paRReAdr Zroup or
char go. ¢ anopBEt ARGk PATSRARBLE PRldhibeRos TP E R Ine Shdkips P,
for exanpl e blyexmdyy fenethathexoxy r2-octyloxyd 2roxag3-onetal/ibetyl p3-oxassmeghylhe
2P o B PEL I RO BORMA hchERN, 3 SR
hoxyoctoxy, 6-methylocioxy, 6- methyloctanoyloxy 5-methylheptyl-
25 oxycarbonyl, 2-methylbutyryloxy, 3-methylvaleroyloxy, 4-methylhexanoy-
loxy, 2-chlorpropionyloxy, 2-chloro-3-methylbutyryloxy, 2-chloro-4-methyl-
valeryloxy, 2-chloro-3-methylvaleryloxy, 2-methyl-3-oxapentyl, 2-methyl-3-
oxahexyl, 1-methoxypropyl-2-oxy, 1-ethoxypropyl-2-oxy, 1-propoxypropyl-2-
oxy, 1-butoxypropyl-2-oxy, 2-fluorooctyloxy, 2-fluorodecyloxy, 1,1,1-trifluoro-
30 2-octyloxy, 1,1,1-trifluoro-2-octyl, 2-fluoromethyloctyloxy for example. Very
preferred are 2-hexyl, 2-octyl, 2-octyloxy, 1,1,1-trifluoro-2-hexyl, 1,1,1-
trifluoro-2-octyl and 1,1,1-trifluoro-2-octyloxy.

Preferred achiral branched groups are isopropyl, isobutyl (=methylpropyl),
35 isopentyl (=3-methylbutyl), tertiary butyl, isopropoxy, 2-methylpropoxy and
3-methylbutoxy.



thermal, nmechani cal and chem cal stability. Preferably the pol ynerisable or
reactive group P is selected fromW -N 25(CH 2) kl-O
CH2=C\2- (Wplent2/01@d3- CH=CH- 0-, ( CH2=CH) 2CHOCO-, ( CH2=CH CHI)rPaH10C312
(CH2=CH) 2CH 0-, (CH2=CH CH2)2N-, (CH2=CH CH2)2N- 00-, HO Cwews-, HS- CV\2V\B-,
HWN-, HO CVWWB- NH-, CH2=CWL- CO- NH, CI—I?.gCI—I—(CI)O)kl Phe- (0) k2-,

CHz2= CH-(CO)klPhe(O)kZ- Phe- CH=CH , OCN-, and WAWWSSi -, with W
being 30H, F, d, CN, CF3, phenyl or aI kyl ‘with 1to 5 C-atons, in
particular H C or CH3, W2 and WB bei ng i ndependently of each other H or
alkyl with 1 to 5 Catons, in particul ar H, nethyl, ethyl or n-propyl, W,
Wsand W5 bein ndent h r oxacar bonyl al kyl
with 1to5 C oggxﬁ\/\'f %{ﬁtgrﬁgryb'gﬁﬁgc gdperﬂrl gﬂ‘fkg@@h other H O or
alkyl with 1 to 5 C atons, Phe being 1, 4 phenyl ene that is optionally
substituted r f as defined above, and k1l and
k2 bei ng mdepenggrqtlfy’(%l’ ggghﬂ&r%ﬁ%@o@l&@ir "ternati vel y Pis a protected
derivatPve of these groups which is non- 5 reactive under the conditions

descr i bed T OrThERORTRAMES GTI6RBlaNInEp aldbb oL asa i WRN Sﬁcaryrgégééae' e

protective grou nown t.o rdi nary exper

literature, f%rr'peéﬁg}’rﬁﬂéoﬁ% "@'@Qrﬂs OPW'@ﬁlh’di'PtR? &y SHBBQ [ h\p eres@ss ©f synt heS| s"

i ghg Wl eyI ?n@rmf thd\bwyh‘wrkPéﬁQﬁﬂdr p(r:tlfzéﬂgf(g%rg%@ﬁﬂﬁ @ftﬁgg bSarer ket gl ?IH-
sSpecl a re Il re

Gomch 0. - ( BB S WP eonsBlone B (iore Substigapid Waieh dgppte P

V2 ( CH2) d)OO- Sprwperﬂle(ﬂ isch pleiymmtsab&sont teactioé group aRdISpnisra sp?aoeun of group

P can be carr @%gbf@ e uﬂg@ér n%?m%[]%‘?%}ﬁ%f@l@%ord' hary

expert and de CI‘I tera ure or exa roer;

Challa; G N SEP\VBICOWH&QSW[ cbaga t@@@.@"t materias, astiheyteambe spesstinkept oup is

known in prioyaghé g@@lﬁbéipl fcﬁftéx%n&ﬂé cggrﬂléﬂ§at§91 Wﬁtlﬁ'&% top difag ordinary
expert (see e. gcer group Sp is

preferably of pt%)&eﬁﬁlng tég ojymersm&chaq iy film f(or a semlconJuctor omponeént, to
15 yield crosslinked polymer films with high charge carrier mobility and high

thermal, mechanical and chemical stability.

Preferably the polymerisable or reactive group P is selected from

O
20 W'
0 —N |
’ ] 5 /7 N\ WB
CH,=CW'-COO-, CH,=CW'-CO-, WWHC—CH—  §
0
05 wZSZ (CHD=O | CH=CW-(O)r-, CHs-CH=CH-O-, (CH,=CH),CH-

OCO-, (CH=CH-CH3),CH-OCO-, (CH=CH),CH-0O-, (CH;=CH-CHj),N-,
(CH;=CH-CHj,);N-CO-, HO-CW?W?-, HS-CW?W?-, HW?N- HO-CW2W->-
NH-, CH,=CW'-CO-NH-, CH;=CH-(COO)x1-Phe-(0)y2-, CH2=CH-(CO);-
Phe-(O)iz-, Phe-CH=CH-, HOOC-, OCN-, and W*W°W°Si-, with W' being
30 H, F, Cl, CN, CF3, phenyl or alkyl with 1 to 5 C-atoms, in particular H, Cl or
CHs, W? 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
35 to 5 C-atoms, Phe being 1,4-phenylene that is optionally substituted by



25P-Sp- is P-Sp'-X -, wherein Sp'is alkylene with up to 30 C atons which is
unsubstituted or nono- or polysubstituted by F, d, Br, | or CN, it being
al so posswbl2e1fwp686ne or nore non-adjacent CH2 groups te@ChEPIQnemsared, in
each case independently fromone another, by - 0-, -S-, -NH, -NR, CO,
-000-, -000-, -000- 0-, -S-CO, -COS-,_ 4gt=CH or -CGC in such a manner
that 0 and/or S atons are not linked directly to one another, 35X is -0-,
-S-, -CO, -000-, -000-, -0-000-,-NR- CO, -NR-CO Ne-, -0OCH2-, -CH20-,

- SCH2-, -CH2S-, - - 17 - CF20-, -0CF2-, -CF2S-, -SCF2-, -CF2CH2-,
(CJJJ(Z)CFCIZ—hCI—I- Cﬁ'?é?EEmore@rbd)bsLd‘sF&ﬁnedéENe angfﬁ%étkz llﬁéfné:f : E‘lzaﬁ-ooa-
- o) are i ndependent |y of each ot her or
al kyl with 1 bggﬁéh%tﬁgﬁ%&'}jﬁ% ?{d Y are independently of each other H,
F, d or CN 10X is preferably -0-, -S, -OCH2-, -CH20-, -SCH2-, -CH2S-,

:CFZO' } OCF@,:terngt:@ﬁ_y P |sS§Fp?otecfefaé%'twe o@%%@%roug g ngﬁ Bon dZC::ﬁ

parti cu$ ar - oreactive ungerthe C@ﬂdlﬁO%&i dgseringsHer thepressh@ccpiding o the
enbodi ment X plesent BiveHion. hSwtatﬁe%%l%cfl@e b%dﬁs%r@%o\)@ﬁfcﬁt@re@% m such

asor -CY—CY or si,ngl e .bond. i cal gor are, exa

_(CH2) p-, - SH8I0D ‘&d% ot In i the’ £, & &?@@e '%ﬁfewzcﬁﬁéiwwwzmz or

- (Si R? 0) g Grcbdpqomtiérgmmaﬁyntﬂe!sgsé'rJcbhimWIIéytahdl%onq Newrh]gorarﬂg&ﬂ@ger frsom

l1to and R J19s given above Preferred groups Sp'
I%dfo?%?eﬂgu\fé %g?{ﬁne &%L

are et hyl ene, "prop ntyl ene, hexyl ene, heptyl ene,
octyl en 0 nonyl ene, decyl ene, undecyl ene, dodecyl ene, octadecyl ene,

et hyl eneoxyet B¥bEASHY PRIfENES HPONYPPLatk &18,=CH-COO-, CH,=C(CH4)-COO-,

CH,=CH-, CH=CH-O-, (CH,=CH),CH-OCO-, (CH,=CH),CH-O-,
o

° 2%
/7 N\
W?HC —CH— 2 (CH,)y,-O-

15 and W , or protected derivatives

thereof.

Polymerisation of group P can be carried out according to methods that are
known to the ordinary expert and described in the literature, for example in
20 D. J. Broer; G. Challa; G. N. Mol, Macromol. Chem, 1991, 192, 59.

The term "spacer group" is known in prior art and suitable spacer groups

Sp are known to the ordinary expert (see e.g. Pure Appl. Chem. 2001,

73(5), 888. The spacer group Sp is preferably of formula Sp’-X’, such that
25 P-Sp- is P-Sp'-X'-, wherein

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

30 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,

35 X is -O-, -§-, -CO-, -CO0-, -0CO-, -0-COO-, -CO-NR’-, -NR’-
CO-, -NR%CO-NR%-, -OCH,-, -CH,0-, -SCHy-, -CH,S-, -



25et hyl ene-t hi oet hyl ene, et hyl ene- N net hyl -i m noet hyl ene, 1-

nmet hyl al kyl ene, et henyl ene, propenyl ene and butenyl ene for exanple. The
conmpoundswof2ofzanpasBa | can be synthesized accordi ng to ®CcTiER2@nabizgy to
met hods that are known to the skilled person and are 30described in the
literature. Qther nmethods of preparatiQnan be taken fromthe exanples.
Especially preferred and suitable synthesis nethods are further descri bed
bel ow. A suitable and preferred synthesis of term nal dithienyl
anthra[ 2, 3-b: 7, 6- 35bl dithi ophenes with added trial kyl silyl ethynyl

sol ubi i sing groups is @RgDRI- @oH_,_y @F(;SSC.E@'FE}T.I m:lzbﬂzshg\mopg- Schemes 1 and
2 below. Gher - 18 - ﬁh&goa_é;t/ ﬂg Hl?_gé@th d,s ooln

anal ogous manner. As sh v 'I:‘e arfl i acetal A
is iodinated by treati fg=G#,t- EH’FCBdLGO@?d—CN:@H@HFmH Jaife:] suagteobcyndal d the

i ododi acetal B in 5good yield. The diacetal is deprotected to the
correspondi ng%& he digl dehyde C, which is condensed with

1, 4- cy? ohexdReand s tcﬁf?lléﬁﬁPW@'ﬁMchﬁ?@th’fhaﬂthﬂaﬂgﬂe\ﬂ@ hite ABke D. The
qui none reacts with |itdtbms bhyal kysilyl acetylide to formthe di hydroxy

derivative E. Stifle or Suzuki coupling of E with the correspondi ng thienyl
bui I ding bl ocks yields F, which 10aronati ses to the dithienyi

ant hra[ 2, 3- b: Voﬁnd)h(a‘?tmrephéeﬁsndéiﬁlyejf&aabh othePHCE2CPRPEN2 1SnBu S3

10 X' is preferably -O-, -S-, -OCHp-, -CH30-, -SCH,-, -CH,S-, -CF,0-, -OCF,-,
-CF3,S-, -SCF2-, -CH,CHg-, -CF,CH,-, -CH,CF,-, -CF,CF5-, -CH=N-, -
N=CH-, -N=N-, -CH=CR’-, -CY’=CY®-, -.C=C-or a single bond, in
particular -O-, -S-, -C=C-, -CY’=CY®-or a single bond. In another
preferred embodiment X' is a group that is able to form a conjugated

15 system, such as -C=C- or -CY°=CY®-, or a single bond.

Typical groups Sp' are, for example, -(CHz),-, (CH,CH,0)4 -CH,CH,-, -

CH,CH,-S-CH2CHa- or -CH,CH2-NH-CH,CH,- or ~(SiR°R%-0),-, with p

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

Preferred groups Sp' are ethylene, propylene, butylene, pentylene,
hexylene, heptylene, octylene, nonylene, decylene, undecylene,
dodecylene, octadecylene, ethyleneoxyethylene, methyleneoxybutylene,
25 ethylene-thioethylene, ethylene-N-methyi-iminoethylene, 1-
methylalkylene, ethenylene, propenylene and butenylene for example.

The compounds of formula | can be synthesized according to or in
analogy to methods that are known to the skilled person and are

30 described in the literature. Other methods of preparation can be taken
from the examples. Especially preferred and suitable synthesis methods
are further described below.

A suitable and preferred synthesis of terminal dithienyl anthra[2,3-b:7, 6-
35 b’dithiophenes with added trialkylsilylethynyl solubilising groups is
exemplarily and schematically shown in Schemes 1 and 2 below. Other



WD 2012/ 019683PCT/ EP2011/ 003512 - 19 - The fluorinated dithienyl

ant hraf 2, 3-b: 7, 6-bi di t hi ophenes can be synt hesi sed by anal ogous net hods as
shown i n \8oherr#12683Schene 2 1) SiR3CCLi 2) SnCl2/ HCl PCEHIER3013/003R12 i - Pr
The novel nethods of preparing conpounds as described above and bel ow are
anot her aspect of the invention. Very pregerred is a nethod of preparing a
conpound of fornmula | conprising the follow ng steps: 30 a)

2, 3- Thi ophenedi car boxal dehyde di acetal (A) is hal ogenated by lithiation
with alkyllithium LDA or another lithiation reagent, and then reacted with
a hal ogenat i dnetageiryl derdlatides gabuse spithksised @tlahalolebs aigsietci ni mi de,
carbon tetrachl oride, N-bronosuccinimde, carbon 35tetrabrom de,

N-i odosucci ni mi de, iodinechloride, elemental iodine, to afford the

5- hal ogenat edA2 sBowniinSiahese dacomxeerdiaily dvathlzie eliadetaiB) is iodirzlled by

treating with n-BuLi and elemental iodine to yield the iododiacetal B in
5 good yield. The diacetal is deprotected to the corresponding the
dialdehyde C, which is condensed with 1,4-cyclohexanedione to yield the
diiodoanthradithiophene quinone D. The quinone reacts with lithium
trialkysilylacetylide to form the dihydroxy derivative E. Stille or Suzuki
coupling of E with the corresponding thienyl building blocks yields F, which
10 aromatises to the dithienyl anthra[2,3-b:7,6-b]dithiophenes.

Scheme 1

0/2 o/w o

15 o H
4{(0 _n-Buli | i/ \ 0 HOACHC 7\ o
s ) o ") s

H
A B C
O
20 aq. KOH
0
1) SiR,CCLi i S
2) H,0/H" ! S Ve
25 I
D
g SiR
30 l B
s s S s
SnCL/HC] X
SO U e (4
s s s s
OH
il i I {Reip
. . , = -r
35 SRy SRy 2,R=Et



b) The 5-hal ogenated 2, 3-thi ophenedi car boxal dehyde di acetal (B) is
deprotected under acidic conditions to the correspondi ng di al dehyde (O,

whi ch i s wbenixuossansed with a cyclic 1, 4-di ketone, sucRCREP2014/003512

cycl ohexadi one, 1, 4-di hydroxy-napht hal ene or its higher anal ogues, to

5yi el d the qui none of the di hal ogenat ed 1&cenodi t hi ophene (D). c) The

qui none of the dihal ogenated acenodithi ophene (D) is treated with
silylethynyllithium followed by a hydrolysis, for exanple wth diluted
HCl, to yield the dihal ogenated diol internediate (E). 10d) Heteroaryl
groups are i Mheofueewnted duthéel’d/i' pathogkh3ibed 6¢h Telithl ngedanthe (E) by
cross-coupl i ntﬁe%i&b?aﬁﬁidﬁﬁ%gtms@ R M sereppizx aci d. boroni c
ester, stannane, zink halide or nmagnesium halide, In the presence of a

ni ckel or palladium conplex as catalyst, to yield the 15heteroaryl extended
diol (F). e) ddiemheteroaryl extended diol (F) is aromatised using a

reduci agent under acidic conditions to afford the terminally substituted
het er odaryl acenodithi ophene (1,2). 20f) Alternatively to steps b)-e), the
5- hal ogenated 2, 3- bﬁl\pphene rgar box- al dehy di acetal (B) obtai oe‘&} by step
a) is reacted in a Ss-cC SBul gactionwi’th a correspgndi ng eroaryl
boroni ¢ acid, boggfic ester_,_sl,an @ %aL]_@eEm, gnesium hal i de, in
the presence a d? R 2p@hs)) AFysty T lting
product is deprotecte 25anol coﬁdensed Wi t cyclic 1,4-diketon

descrlb in step p), followed by treggnment with silylethynyH lithium and
hydroly s as described in step ¢c), and the resulting het erIaryI ext ended

diol is aromatised as described in step e). 30The invention|fuoAdren rel ates
to a fornulation conprising one or nore conpounds of formul@ I and one or
nore sol vents, preferably sglected from or gani ¢—sol vent s. Preferred
sol vents are gllphatlc hyd ucarbons chl ori ak ydr.ocar bons S5aromati c
hydr ocar bons, ketQneg, et} i ¢ SAl
which ¢ be used/i benzen 1,2 -
2012/ 019683PCT/ EP201 /00351? ﬁethy 8enzene peﬁ%yl enzene,
nesi tyl ene, cunene, cynene, cyclohexylbenzene di et hyl benzgne, ®etralin,
decalin, 2,6-1utidine, 2-fldoromxylene, 3-fluoro-o-xylene,

2-chl orobenzotrifluoride, dinmethyNormam de, 2-chl oro-6fl uorotol uene,
2-fl uoroani sol e, anisole, Znﬁampaat | pyrazine, 4- 5fluoroanisole,
3-fluoroanisole, 3-trifluoro- HF§ P ol e, siRyret hyl ani sol e, phenetol,
4-net hyl ansi ol e, 3-nethyl ani sol e, “4-flu nmet hyl ani sol e, 2-
quorob%onnltrlle 4- quoroveratroI et hyl ani sol e,
3-fluorobenzonitrile, 2,5-dineth ~thy ani sol e,
benzonitrile, 3,5- dlnethyl

2,

25 3,R=i-Pr

The novel methods of preparing compounds as described above and
below are another aspect of the invention. Very preferred is a method of

preparing a compound of formula | comprising the following steps:
30
a) 2,3-Thiophenedicarboxaldehyde diacetal (A) is halogenated by lithiation

with alkyllithium, LDA or another lithiation reagent, and then reacted
with a halogenation agent including but not limited to N-
chlorosuccinimide, carbon tetrachloride, N-bromosuccinimide, carbon
35 tetrabromide, N-iodosuccinimide, iodinechloride, elemental iodine, to
afford the 5-halogenated 2,3-thiophenedicarboxaldehyde diacetal (B).



ani sole, N, Ndinethylaniline, ethyl benzoate, 1-fluoro-3,5-dinmethoxy- 10
benzene, 1-nethyl napht hal ene, N-nethyl pyrrolidi none,

3-f | uor ob&ozotwa1pdsaori de, benzotrifluoride, benzotrifl uecirdPoidioossane,
trifluoronethoxybenzene, 4-fluorobenzotrifluoride, 3-fluoropyridine,

t ol uene, 2-fluorotoluene, 2-fluorobenzoet2gfl uoride, 3-fl uorotol uene,

4-i sopropyi bi phenyl, phenyl ether, pyridine, 4-fluorotoluene,

2,5-di fluorotoluene, 1-chloro-2,4- 15difl uorobenzene, 2-fluoropyridine,
3-chl orof | uor obenzene, 3-chl orofl uoro- benzene,

1- chl or o- 2, 5-b)i Theib+tatiegersated 213-¢hiophehédioadivaaiteiyde didaatab@)isne,

o: di ohl or obenz eibrofichél GhALE UBERPEITSASs R Kl p BRI MaiBRIL ene, Of

m xture of o- |’ some e arity are
general |y pref dpr)ewh'qbdﬁ therjcendansed with aseydlier4-digipne, Sﬂc@rﬁsbﬂ)ﬂl-l ng

tenperatures a c&mékaatorf@ XMt LIRSy ROy ﬁé@fﬁtﬂére?fé orFfsrh@Héf\aﬁ%bueg f8! Kyl ated
benzenebs i ke y g&ﬁ and _t ol ugﬂaghe prefecg c@g I nvent | on further
relates’to an ofgarNe GURRRSRA aloﬂgf‘ﬁ{ﬂ reesditbignnesed®one or nore
conpounds of formula I, one or nore organi c 25bi nders, or precursors

t hereof , preferin squhlmmierrg tlaemmmbgema/t'etichnadltﬁloﬁﬂéné-lszfs tteatedwittess, and

optionally one g Ci s of
formula I, especil’ya I%/llﬁﬂ'u\fﬁnfg)ﬁow W@h?@r}p@f&r eééﬁ‘%?ar{ﬁ&ge 'grng@n@ ‘gg
above and bel oo W@Idthﬁlfaﬁlggﬂn@tegomlnd@rmeéaata (Ehereinafter also referred
to as ;{)@e binder") results in little or no reduction in charge nobility of

the co Unde)qfleﬂce%éM Qfou;%V@r@ |ﬁﬁodlﬁ'é‘écﬁlﬁstﬁe'dhéi@?@nét@ﬁto%l(iﬁ&rm'éﬁfate .
i nstance, the c ounds in a binder resin

(for exanple pdl ‘?FB??])?PEPE’?@R&'“’&\%GO\E/I%B%”‘%'BQ EfIP2BL RRFPNIC BFids pi n

cog_t : ng), }\/8 f dsoroait estgqstansam, cimiduaiidengr ﬂnagﬁésmh'elhaiidaag Ilﬁtfﬁ%hl gh charge
mobi lity. re exhibits
excellent fil mé/%rrs%nﬁe g?ﬁ]an(r}(g{hqteéﬂpsplg%'gﬂgﬁédnﬁ ?%‘%%g%y %&5’5?e - 22 -
If an organl c s@tﬁtﬂﬁtﬁk@ﬂﬂ\@eqﬂ &y (F¥.or mul ati on of high nobility is obtained
by conbl ing a conpound of formula | with a binder, the resulting

formul ation |gafise h@te‘i@é@'l ékte?ﬂé@%@@(?? is Eﬁm&ﬁé@m&n? §'r@ & ;hpeag%?ﬁpounds

of formula | are olubethgt{ % (gﬁﬁsmedln

exanpl e from sofRASTAFIAGEP 'ﬁ’é‘séﬁéi er tegynally st‘#‘?é“%i"%é?tﬁrﬁém
formul ati on caradenhotithiopthepet(d,. | arge area in a highly uniform manner.
Furthernore, when a binder is used in the fornulation it is possible to

o L oeatumr 3 R afelT o Sikhd B AR 59 Geribd 2t SaBh i GoRE o o g
to be bound by ad¢hyde dla@:atair(Bl) hbtaiyed by isteppd)sis reattediipa edsstuauptihg use of
a binder in therefa%fIHHl\nﬁﬂw'é)Boifré%ﬁéndxﬂ %e éJrHS%lP vzgﬁ@a IHVEFF‘JHIJ:Q egra' ns

ot herwi se bei ng void, makin eorg nic se ayer
sensitive to ai$t2ARANGAIRK U?Bde PpMagngsing halidg.dp dhe armcsdzf@(@nphgl to the

process of the dhpdlRsiith corvsiex la@'%:aﬁél?yt/ VRE YeS1966g gtrédudthé JeprotddEd devices
inair. Thelnv |ondalso\§8 ﬁqn lg‘(%nlcs %}?dJctlng gayer whi ch
conpri s2§ the o?@élﬁ?% DRI IR Avhg I'4a§ QN ARPEPFHE In ste

followed by treatment with silylethynyllithium and hydrolysis as

described in step c), and the resulting heteroaryl extended diol is

aromatised as described in step e).

30 The invention further relates to a formulation comprising one or more
compounds of formula | and one or more solvents, preferably selected
from organic solvents.

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



20The invention further provides a process for preparing an organic

sem conducting | ayer, said process conprising the follow ng steps:

deposi ti /yoan12a1%asBstrate a |iquid | ayer of a formnul ati ecTEPaqi0835SMy one or
nore conpounds of formula | as descri bed above and bel ow, one or nore
organi ¢ binder resins or precursors therget, and optionally one or nore
solvents, (ii) formng fromthe liquid layer a solid |layer which is the
organi ¢ sem conducting layer, (iii) optionally renoving the |ayer fromthe
substrate. 30 The process is described in nore detail below. The invention

addi ti ogal ly tteltr@vmetayl tg;enz&!rm:weuwlbemkenecmeswmn@ cOenene cpmedleOr gani ¢

sem conductin

linitation, %’%&b(e?ﬁ Ibe&ee éftb glﬂte ﬁg?ﬁ% Er?nf Eﬁ'uﬁ]%ﬂvg‘iﬁﬁcg %uﬁﬁ?
emtting di odea- )()d)illBE)&flpﬁm-@de/d%f@ﬂ c?r¢hlsmzptrlfblgndecdmmlhylforrrramndp - 23 -
el ement, capagig hﬂfro%ﬂd&'ﬂ@lbﬂ)’éﬂé 3. ﬂ’uc(rBX?nsB% laniddhé, fﬁ%'&aﬂ'&@?ﬁzﬁg hve

SGW\COHgUCtOF channel tween the drain and source conprlse

the layer of H4RIOPRIFSIR. |‘?ﬁﬂU°W§”ahsr%‘? hestrifbiesensnethylanisels, g?e”'@h"(\)\r'énléﬁleel ectron)

'tRJ ectlont or pmmnpmnﬂe@mansnaleam ﬂa&@l@Iﬁy¢|@e4mbr&gtmétw@am§kﬂe5z' ayer of
e 1 nventi on

d t d
| ayers forrredﬂ‘f‘?{é’EQPF%wH Jé?@@%ggf | E& fj'lmectey'?ﬁre P, nvggplé&nyalnn
relation to thlenlpr ?éfSedlnmihyelabmdxler@m{dnde’dwrlarbsmlehﬁemamtrﬂﬁ)@ M%éﬂ'mllixc'f l ][19
d of f l[ity, 0
More t ﬂanoo oSS N AR ABHnB Bu 6GIdite, BBl S eiBhontys |
especi allfy prbﬁi@leﬂﬁ yi- methvdn@phthaier@, N- mﬁl‘mymﬂﬂﬂldm@er@sﬂuqmbéazm-bl y of
nore than 0. St#BNAE: BenzotnﬂJ&ﬂié"Hé‘i‘n%tnﬂW@hH@ dléséﬂ(é"tﬁﬁu&ﬁén?etﬂglq?'ﬁe

conprise either an ins sem conducti n or
m xt ures t her 2GRS 45@”9@#@8?@6‘ ’t’Br"ﬁ%r%ﬂHo%yﬂﬁ@e@F%‘d@ﬂ%%ﬂ%@l@r t he
pol ymeri ¢ bi ndduers, 2flugropenbetriiuodes.. 3-HueifcftdiluedeMfsiﬁfrépyﬂﬁfi}h'éﬁkﬂg to the

D bermi i vi 1 ohEA e rBYAbLR, - BlosbQEPEL 25 YiglloioniehE: o' Siorpera "Y' "
pr ef er abby hadlﬂaomemzeneﬂtfkdomwrldme)OﬂcthlnmfﬁJoBolmermenlee§schlmrflaopr-ef erably
2.9 or less. preidanl é‘hl&ﬂfz‘ygmﬁb%ﬁan'}gﬁg hap &?ﬁ@&%&higﬁéy E at 1,000 H

of 1.7 or m)re I's especl al referre ermtti'vity of the
binder is in € erqtmg@nfereﬁl@'grqh?nzege wahlog@ﬂuﬂipbamme@ xdene, mound by

any particul axyleheos-xylehel st rARtuR\VST®-{ atadd B-istsiRer SHIVHRE With
relatively low polarity are generally preferred. For inkjet printing solvents
20 with high boiling temperatures and solvent mixtures are preferred. For spin
coating alkylated benzenes like xylene and toluene are preferred.

The invention further relates to an organic semiconducting formulation
comprising one or more compounds of formula |, one or more organic

25 binders, or precursors thereof, preferably having a permittivity € at 1,000
Hz of 3.3 or less, and optionally one or more solvents.

Combining specified soluble compounds of formula |, especially compounds
of the preferred formulae as described above and below, with an organic

30 binder resin (hereinafter also referred to as "the binder") results in little or no
reduction in charge mobility of the compounds of formula |, even an increase
in some instances. For instance, the compounds of formula | may be dis-
solved in a binder resin (for example poly(a-methylstyrene) and deposited (for
example by spin coating), to form an organic semiconducting layer yielding a

35 high charge mobility. Moreover, a semiconducting layer formed thereby
exhibits excellent film forming characteristics and is particularly stable.



25with a permttivity E of greater than 3.3 at 1,000 Hz, may lead to a
reduction in the OSC | ayer nobility in an electronic device, for exanple an
OFET. | n wodntzwams3hi gh permittivity binders coul d al sopcespRaitionssincr eased
current hysteresis of the device, which is undesirable. 30An exanple of a
sui tabl e organic binder is polystyrene-22irther exanples of suitable

bi nders are disclosed for exanple in US 2007/0102696 Al . Especailly
suitable and preferred binders are described in the foll ow ng. In one
type of preferred enbodi nent, the organic binder is one in which at 35| east
95% nore preferably at | east 98% and especially all of the atons consi st

of hydrogen, f.L:\H%rr ?@c%@%n&@ﬁ@@&l dlggér fé)rmu%f’flon Aftr] ¢ﬁ SR tgrg §gtglir£éact the

bi nder nor nal NS con a con| bl e

bonds and/ or w@?mbmng ar@npm}fb%ﬁ%@éfa iswamaoblpdem éh%lmfsplﬂm capabl e of
forming a fi |f8}mmé'h6nﬂé&i§f@§é\)érél édi@ﬂtb@@s derf@xaRﬁ?ﬂzér@ﬁée ¢fe styrene and

a-nethyl styre ners,includ |n
et hy 12 yr orOTRARITR SLOERL T ESreA Nl ey raicheidenptisrhicra Mayidi o
permttivity fof examplenfromesguisrentVithihe adiditionbhvse bﬁ’mep@hd”aﬂﬂﬁat di pol es
whi ch could n tions,in cular site
energi es. TheBBﬁH%t?ﬁ é\ﬂ%?tse @?%% (ﬁﬂctafrllagﬁé %Ees 4 ' ?lgggynurglg HeE R ehed by the
ASTM D150 tesEurtimrrrme wben & bindests yaest isrthedomhalatiom ittilpopsiblectot i nvent i on
bi nders are zﬁﬁ.\q H%o‘ﬁf
hydr oge{‘n bondi n cont Pnﬁfét | o%gjfg? ﬂrcr);@glra?gr\a( %t%hht"l'&ﬁ/r&%ﬁ%%a}a%gr manent
di pol es!0 A prww leriscosiy $Id eotenbsUERRE tgNSien. éﬁ@t'%trfsot(\mﬂalﬁ%ﬂ be
parameter') %o@dowdﬁ p%WcMéﬁthbﬁrﬁ@@él@@%cWa&é’d frm tlﬁ’é BSERf alBIMgBLt i on s
provided in Ta%e formLﬁaf)on f&s in vaumelbetween crysqamne gralns otherW|se being

void, making the organic semiconducting layer less sensitive to air and

moisture. For example, layers formed according to the process of the

15 present invention show very good stability in OFET devices in air.

The invention also provides an organic semiconducting layer which
comprises the organic semiconducting layer formulation.

20 The invention further provides a process for preparing an organic
semiconducting layer, said process comprising the following steps:

() depositing on a substrate a liquid layer of a formulation comprising
one or more compounds of formula | as described above and below,
one or more organic binder resins or precursors thereof, and

25 optionally one or more solvents,
(i) forming from the liquid layer a solid layer which is the organic
semiconducting layer,
(i) optionally removing the layer from the substrate.
30

The process is described in more detail below.

The invention additionally provides an electronic device comprising the

said organic semiconducting layer. The electronic device may include,
35 without limitation, an organic field effect transistor (OFET), organic light

emitting diode (OLED), photodetector, sensor, logic circuit, memory



od npall2 8p npal/2 8h npal/2 Preferred range 14.5+ 0-10 0-14 More
preferred range 16+ 0-9 0-12 Most preferred range 17+ 0-8 0-10 The three
di mensi ornalD 28/aupisBi ty paraneters |isted above incl ude: PeOdiPs@ansisye (8d),
pol ar (50 and hydrogen bondi ng (8h) conponents (C.M Hansen, Ind. Eng. and
Chem, Prod. Res. and Devl., 9, No3, p28% ., 1970). These paraneters nmay be
determ ned enpirically or cal culated fromknown nol ar group contributions
as described i n Handbook of Solubility Paraneters and O her Cohesion
Paraneters ed. AAF.M Barton, CRC 35Press, 1991. The solubility paraneters

of many knowrelgglented=hariter ot protoveiteid (PV)tdellSFoudaraplel &k active
semiconductor channel between the drain and source in an OFET may
comprise the layer of the invention. As another example, a charge (hole or
electron) injection or transport layer in an OLED device may comprise the
5 layer of the invention. The formulations according to the present invention
and layers formed therefrom have particular utility in OFETs especially in
relation to the preferred embodiments described herein.

The semiconducting compound of formula | preferably has a charge

10 carrier mobility, u, of more than 0.001 cm?V's™, very preferably of more
than 0.01 cm?V's™, especially preferably of more than 0.1 cm?®v's™ and
most preferably of more than 0.5 cm?V's™.

The binder, which is typically a polymer, may comprise either an insulating
15 binder or a semiconducting binder, or mixtures thereof may be referred to
herein as the organic binder, the polymeric binder or simply the binder.

Preferred binders according to the present invention are materials of low
permittivity, that is, those having a permittivity € at 1,000 Hz of 3.3 or less.
20 The organic binder preferably has a permittivity € at 1,000 Hz of 3.0 or

less, more preferably 2.9 or less. Preferably the organic binder has a
permittivity € at 1,000 Hz of 1.7 or more. It is especially preferred that the
permittivity of the binder is in the range from 2.0 to 2.9. Whilst not wishing
to be bound by any particular theory it is believed that the use of binders

- 25 with a permittivity e of greater than 3.3 at 1,000 Hz, may lead to a
reduction in the OSC layer mobility in an electronic device, for example an
OFET. In addition, high permittivity binders could also result in increased
current hysteresis of the device, which is undesirable.

30 An example of a suitable organic binder is polystyrene. Further examples
of suitable binders are disclosed for example in US 2007/0102696 A1.
Especailly suitable and preferred binders are described in the following.

In one type of preferred embodiment, the organic binder is one in which at
35 least 95%, more preferably at least 98% and especially all of the atoms
consist of hydrogen, fluorine and carbon atoms.



WO 2012/ 019683PCT/ EP2011/ 003512 - 25 - It is desirable that the
permttivity of the binder has |little dependence on frequency. This is

typi cal owonore/qpedésar nat eri als. Pol ymers and/ or copol ymecs/Epast1oessechosen as
the binder by the permttivity of their 5substituent groups. A list of
suitable and preferred |low polarity bin@#¥s is given (wthout limting to
these exanples) in Table 2: Table 2 Bi nder typical |ow frequency
permttivity (E) polystyrene 2.5 poly(a-nethylstyrene) 2.6

pol y(a-vi nyl napht al ene) 2.6 poly(vinyltoluene) 2.6 polyethylene 2.2-2.3

ci s- pol ybut adi ene 2.0

It is preferred that the binder normally contains conjugated bonds,
especially conjugated double bonds and/or aromatic rings.

5 The binder should preferably be capable of forming a film, more preferably
a flexible film. Polymers of styrene and a-methyl styrene, for example
copolymers including styrene, a -methylstyrene and butadiene may
suitably be used.

10 Binders of low permittivity of use in the present invention have few
permanent dipoles which could otherwise lead to random fluctuations in
molecular site energies. The permittivity € (dielectric constant) can be
determined by the ASTM D150 test method.

15 It is also preferred that in the present invention binders are used which
have solubility parameters with low polar and hydrogen bonding contrib-
utions as materials of this type have low permanent dipoles. A preferred
range for the solubility parameters ('Hansen parameter') of a binder for use
in accordance with the present invention is provided in Table 1 below.

20
Table 1
Hansen parameter
sasMPa' |5, MPa'?| &, MPa'?
25 Preferred range 14.5+ 0-10 0-14
More preferred range 16+ 0-9 0-12
Most preferred range 17+ 0-8 0-10

The three dimensional solubility parameters listed above include:

30 dispersive (8g), polar (5,) and hydrogen bonding (8n) components (C.M.
Hansen, Ind. Eng. and Chem., Prod. Res. and Devl,, 9, No3, p282., 1970).
These parameters may be determined empirically or calculated from
known molar group contributions as described in Handbook of Solubility
Parameters and Other Cohesion Parameters ed. A.F.M. Barton, CRC

35 Press, 1991. The solubility parameters of many known polymers are also
listed in this publication.



pol ypropyl ene 2.2 pol y(4-nethyl-1-pentene) 2.1 poly (4-nethylstyrene) 2.7
2.3-2.8 poly(2-nmethyl-1, 3-butadi ene) 2.4
tetrafl uoro- p-xyl yl @0®)EP2014/003512

2. 3 pol y(cycl ohexyl
met hacryl ate) 2.5 poly(chlorostyrene) 2.%5poly(2,6-dinethyl-1,4-phenyl ene

pol y(chorotrifl uoroethyl ene)

pol y( p- xyWol2era)9e36 poly(a-a-a'-a'
pol y[ 1, 1- ( 2- net hyl

et her) 2.

10

15

20

25

30

35

pr opane) bi s(4- phenyl ) car bonat e]

It is desirable that the permittivity of the binder has little dependence on
frequency. This is typical of non-polar materials. Polymers and/or
copolymers can be chosen as the binder by the permittivity of their
substituent groups. A list of suitable and preferred low polarity binders is

given (without limiting to these examples) in Table 2:

Table 2
Binder typical low frequency
permittivity ()

polystyrene 2.5
poly(a-methylistyrene) 2.6
poly(a-vinylnaphtalene) 26
poly(vinyltoluene) 2.6
polyethylene 2.2-2.3
cis-polybutadiene 2.0
polypropylene 2.2
poly(4-methyl-1-pentene) 2.1
poly (4-methylistyrene) 2.7
poly(chorotrifluoroethylene) 2.3-2.8
poly(2-methyl-1,3-butadiene) 2.4
poly(p-xylylene) 2.6
poly(a-a-o'-a’ tetrafiluoro-p-xylylene) 2.4
poly[1,1-(2-methyl propane)bis(4-phenyl)carbonate] 2.3
poly(cyclohexyl methacrylate) 2.5
poly(chlorostyrene) 26
poly(2,6-dimethyl-1,4-phenylene ether) 2.6
polyisobutylene 2.2
poly(vinyl cyclohexane) 2.2
poly(vinylcinnamate) 2.9
poly(4-vinylbiphenyi) 27

Further preferred binders are poly(1,3-butadiene) and polyphenylene.

Especially preferred are formulations wherein the binder is selected from




pol yi sobutyl ene 2.2 pol y(vinyl cycl ohexane) 2.2 poly(vinylcinnamate) 2.9
pol y(4-vinyl bi phenyl) 2.7 Further preferred binders are

pol y(1, 3-wotatieapesp and pol yphenyl ene. 35 Especi al |y pr eCemred 1403512
formul ati ons wherein the binder is selected from - 26 - poly-a-nethyl
styrene, polystyrene and pol ytriaryl am.rgggor any copol ynmers of these, and
the solvent is selected fromxylene(s), toluene, tetralin and

cycl ohexanone. 5Copol ynmers containing the repeat units of the above
polymers are al so suitable as binders. Copolyners offer the possibility of

| npr gv: ng cor’mﬂy-iomﬂﬁithw styrehet pelystyrpeeiadd p@iytifi@rlymw?aelohr al‘?_%d;?dhrrﬂetshe
nmor phol ogy an r e S Si L erature.of the fi.n ayer
conposi tion. ‘%{‘Rﬁf‘%w arbcg{hgep%?lgéﬁg@ & Ié’«ﬂ%{i ?ngﬁ] f(ﬂgngg%vtgl%em, éetf:"gﬂ%f?
mat eri al s ar ecyichg@xaplosei n 10commonl y used sol vents for preparing the
| ayer. In these cases anal ogues can be used as copol yners. Sone exanpl es of
copolyners are given in Table 3 (without limting to these exanples). Both
random®r bl deRPRYFEIG FEPAIRAR the rereat. units ofdhaabeve polimeis are alsl nore
po: ar Wnomfs@%{ﬁl@é@%ﬁrﬁe’iﬁ. Copelyasert efep 1S pbsibittPSIShipréWingemai ns | ow in
polarity. 15 c-%ampaetib?ility with the compounds of formula I, modifying the morphology

and/or the glass transition temperature of the final layer composition. It will

be appreciated that in the above table certain materials are insoluble in

10 commonly used solvents for preparing the layer. In these cases analogues

can be used as copolymers. Some examples of copolymers are given in

Table 3 (without limiting to these examples). Both random or block

copolymers can be used. It is also possible to add more polar monomer

components as long as the overall composition remains low in polarity.

15
Table 3
Binder typical low frequency
permittivity (g)

20 poly(ethylene/tetrafluoroethylene) 2.6
poly(ethylene/chlorotrifluoroethylene) 2.3
fluorinated ethylene/propylene copolymer 2-2.5
polystyrene-co-a-methylistyrene 25-2.6
ethylene/ethyl acrylate copolymer 2.8

25 poly(styrene/10%butadiene) 26
poly(styrene/15%butadiene) 26
poly(styrene/2 4 dimethylstyrene) 25
Topas™ (all grades) 2.2-2.3

30 Other copolymers may include: branched or non-branched polystyrene-

block-polybutadiene, polystyrene-block(polyethylene-ran-butylene)-block-
polystyrene, polystyrene-block-polybutadiene-block-polystyrene,
polystyrene-(ethylene-propylene)-diblock-copolymers (e.g. KRATON®-
G1701E, Shell), poly(propylene-co-ethylene) and poly(styrene-co-

35 methyimethacrylate).



Bi nder typical |ow frequency permttivity (6)

pol y(et hyl ene/tetrafl uoroethylene) 2.6

pol y( et hywenerxhbesot ri f | uor oet hyl ene) 2.3 fluori nated ecChyErena/opisopyl ene
copol ymer 2-2.5 polystyrene-co-a-nethylstyrene 2.5-2.6 ethyl ene/ethyl
acryl ate copol yner 2.8 pol y(styrene/ 10%npt adi ene) 2.6

pol y(styrene/ 15%but adi ene) 2.6 poly(styrene/ 2,4 dinmethylstyrene) 2.5
TopasTm (all grades) 2.2-2.3

Preferred insulating binders for use in the organic semiconductor layer
formulation according to the present invention are poly(a-methylstyrene),
polyvinylcinnamate, poly(4-vinylbiphenyl), poly(4-methylstyrene), and
Topas™ 8007 (linear olefin, cyclo- olefin(norbornene) copolymer available
5] from Ticona, Germany). Most preferred insulating binders are poly(a-
methylstyrene), polyvinylcinnamate and poly(4-vinylbiphenyl).

The binder can also be selected from crosslinkable binders, like e.g.
acrylates, epoxies, vinylethers, thiolenes etc., preferably having a

10 sufficiently low permittivity, very preferably of 3.3 or less. The binder can
also be mesogenic or liquid crystalline.

As mentioned above the organic binder may itself be a semiconductor, in
which case it will be referred to herein as a semiconducting binder. The

15 semiconducting binder is still preferably-a binder of low permittivity as
herein defined. Semiconducting binders for use in the present invention
preferably have a number average molecular weight (M,) of at least 1500-
2000, more preferably at least 3000, even more preferably at least 4000
and most preferably at least 5000. The semiconducting binder preferably

20 has a charge carrier mobility, y, of at least 10°cm?V's™", more preferably
at least 10™cm?V’'s™.

A preferred class of semiconducting binder is a polymer as disclosed in
US 6,630,566, preferably an oligomer or polymer having repeat units of
25 formula 1:

33
Ar

|
—“at-N—nds 1

30

wherein

Ar'', Ar*2 and Ar®® which may be the same or different, denote,
independently if in different repeat units, an optionally
substituted aromatic group that is mononuclear or
polynuclear, and

35



30 her copol yners may include: branched or non-branched pol ystyrene-

bl ock- pol ybut adi ene,

pol yst yr ene-2bi20akgspol yet hyl ene-r an- but yl ene) - bl ockpol ys®Pgra®req11/003512

pol yst yr ene- bl ock- pol ybut adi ene- bl ock- pol ystyrene,

pol ystyrene- (et hyl ene- propyl ene) - di bl oclpgopol yners (e.g. KRATONC)- GL701E
Shel | ), pol y(propyl ene-co-ethyl ene) and pol y(styrene-co-

35net hyl net hacrylate). - 27 - Preferred insulating binders for use in the
organi ¢ sem conductor |ayer formulation according to the present invention
are pol y(a-nethyl styrene), polyvinylcinnamate, poly(4-vinylbiphenyl),

pol y(4-net hyl styrene), a opasTm. 800 i r ~0l ef o 0-

ol ef i n( nor borrﬁene) copol Qrgrea-r‘:' 'g‘\?%q a?b?’egrgﬁérgﬁ&% go}ﬁ%,fé%gllyn%ﬁb) MYBst
preferred insul ati ng bi ndeeterably »dbygral meet prgfenaphen@P, pol yvi nyl ci nnamat e
and pol y(4-vinyl bi phenyl). The binder can al so be selected from
crosslinkabl e binders, |ike,e. 0, acrylates, epoxies, vinylethers, thiolenes
etc., p‘?r']ef er dBIthekante Qipersvffr%i%’F%xfl ya MRGARiciaar @romalic greyry has ef er abl y
of f_- 3 O:j ! g%lygsh@ drontiaic mgy, fg& EXarRple Rt ye Sl fBL ph@ﬁyléh_él.UA%gatyr%@le%lr! | nﬁh _ Af,
menti oned above the organic binder may itself. be a.sem conductaqr, in iC
Cose i w1 HEmalETPL N s ol Brprbdfls Eaduiihgay Bribiesd ins

15sem conducteéxagmplentbpthylorstagHthyleréeirdividualibconddentdf linkad (fer m ttivity as
herei n defi ne el L in . i [ [havention
preferably ha%(eanisln@u%ggh&gi/éﬁgﬁog %o e@ﬂ%ﬁén %;ﬁaﬂku%gé)a?gﬁﬁgwngggt 1500-
2000, mPe prlitkedaromatic nngss Prefesably @ash Aror, ArpraicAabliy antarpmatic 4000 and

nmost prefera twhiefss saoanti ' B ' eaéq.loyj 20has a
charge carri te)é%rl#gb\?ﬂhlfet §§ Sp, oPtlgW?%gg?ﬁ%g- SCWS\G/%QE‘?Q%}%%E@% abe at

| east 104cnRV1s-1. A preferred class of sem conducting binder is a
pol ymer as di BertimsiestelfarrddSclast8d ob 66miqoneluetiag bindis até gwsercontaipflg/ mer

having r epeatsu ns'téﬁtiaqlgl c%%ﬁ@éﬁghal’e&éatptfn%%. The semiconducting binder polymer
15 may be a homopolymer or copolymer (including a block-copolymer) of the
general formula 2:

A©B)---Z@) 2

20 wherein A, B,...,Z each represent a monomer unit and (c), (d),...(z) each
represent the mole fraction of the respective monomer unit in the polymer,
that is each (c), (d)....(2) is a value from 0 to 1 and the total of (c) + (d)
+..+(2)=1.

25 Examples of suitable and preferred monomer units A, B,...Z include units

of formula 1 above and of formulae 3 to 8 given below (wherein mis as
defined in formula 1:

30

wherein
35

R? and R® are independently of each other selected from H, F, CN, NO,, -



wherein Aril, Ar22 and Ar33 which may be the sanme or different, denote,

i ndependently if in different repeat units, an optionally substituted
aronmat i ¢ Woaor/ap@sB i s nononucl ear or pol ynucl ear, and PCTA®2011003512AN
integer 1, preferably 6, preferably 10, ég)re preferably 15 and nost
preferably .?_20. 5In the context of ArTY, Ar22 and Ar33, a nononucl ear
aromati c group has only one aromatic ring, for exanple phenyl or phenyl ene.
A pol ynucl ear aromatic group has two or nore aromatic rings which may be

('or exanpl & of pheny! DR " BERahgH: SR Yty bl SFRERE R ol 1y

10l i nked aromatic rindy¥, Preferably each Aril, Ar22 and Ar33 is an aromatic
group which is substantially conjugated over substantially the whole group.
Further preferged classes  of sgm’ onduct i n% bi nders are those contai ni ng
substanti al | yRCBHFnga‘%@dnﬁj%B%% enfty ereachethee selestasuizemdd, eptienally pol yrrer
15may b® a horopol ynmegulsstitetedalbyesan, i anedxyd IpalRbREET 6Pl yner) of the
general formula 2: A(O%#i)( - Z@})EZMZOV\he%TlmA?a B)@’c ,Z each represent a
nmononer unit and (c),S ,9?". fz) each represent the nole fraction of the
respective nononer unit in the polynmer, that is each (c), (d),... (z) is a

| ue f 0 t f. : i . d
breterted moigntRipRg st Ojs dnl, drnfih SPetdERbERatroB iidduBaSTY o
fornul ae 3 t oHsand ke alkyl and @areups are eptienalytiiuesimated;f or mul a 1:

10
4
15
wherein
Y is Se, Te, O, S or -N(R®), preferably O, S or -N(R®)-,
20 R® is H, optionally substituted alkyl or aryl,
R? and R® are as defined in formula 3;
25
30
Ra Rb Ra Rb
6
]\ |\
3 LY ZmY ’



wherein - 29 - N(Rc)(Rd) or optionally substituted al kyl, al koxy,

t hi oal kyl, acyl, aryl, Rc and Rd are independently or each other selected
fromH, opOi2oreAl1bes835substituted al kyl, aryl, al koxy or poirgERk&kieny3sez ot her
substituents, and wherein the asterisk (.) is any termnal or end capping
group including H and the al kyl and aryiggroups are optionally
fluorinated; 10 15 wherein Yis Se, Te, 0, Sor -N(Re), preferably 0, S
or 20Reis H, optionally substituted alkyl or aryl, Ra and Rb are as defi ned
in formula 3; 30wherein Ra, Rb and Y are as defined in formulae 3 and 4;

wherein R?, RP and Y are as defined in formulae 3 and 4,

y4 is -C(T")=C(T?-, -C=C-, -N(R")-, -N=N-, (R")=N-, -N=C(R)-,

5 T'and T2 independently of each other denote H, Cl, F, -CN or lower alky!
with 1 to 8 C atoms,

R’ is H or optionally substituted alkyl or aryl;
10
7
15
20
8
25
wherein R?, R®, R? and R" independently of each other have one of the
meanings of R? and R® in formula 3.
In the case of the polymeric formulae described herein, such as formulae
30 1 to 8, the polymers may be terminated by any terminal group, that is any
end-capping or leaving group, including H.
In the case of a block-copolymer, each monomer A, B,...Z may be a
35 conjugated oligomer or polymer comprising a number, for example 2 to

50, of the units of formulae 3-8. The semiconducting binder preferably
includes: arylamine, fluorene, thiophene, spiro bifluorene and/or optionally



35 6 - 30 - wherein Ra, Rb and Y are as defined in formulae 3 and 4, is
-C(TL)=C(T2)-,-N(Rf)-, -N=N, (R=N, -N=C(R5-, 5T.' and T2 independently
of each owvbeprixdamsse H, Cl, F, -CN or |ower alkyl with PCr®pP1@oassons, Rfis
H or optionally substituted al kyl or aryl; 20 25 wherein Ra and Rb are
as defined in formula 3; 8 wherein_Rg, . Rb, RO and Rh independently of
each other have one of the neanings of Ra and Ro in fornmula 3.

substituted aryl (for example phenylene) groups, more preferably
arylamine, most preferably triarylamine groups. The aforementioned
groups may be linked by further conjugating groups, for example vinylene.

5 In addition, it is preferred that the semiconducting binder comprises a
polymer (either a homo-polymer or copolymer, including biock-copolymer)
containing one or more of the aforementioned arylamine, fluorene,
thiophene and/or optionally substituted aryl groups. A preferred
semiconducting binder comprises a homo-polymer or copolymer (including

10 block-copolymer) containing arylamine (preferably triarylamine) and/or
fluorene units. Another preferred semiconducting binder comprises a
homo-polymer or co-polymer (including block-copolymer) containing
fluorene and/or thiophene units.

15 The semiconducting binder may also contain carbazole or stilbene repeat
units. For example, polyvinylcarbazole, polystilbene or their copolymers
may be used. The semiconducting binder may optionally contain DBBDT
segments (for example repeat units as described for formula 1 above) to
improve compatibility with the soluble compounds of formula.

20
Very preferred semiconducting binders for use in the organic
semiconductor formulation according to the present invention are poly(9-
vinylcarbazole) and PTAA1, a polytriarylamine of the following formula
25

O C
o [ T
wherein m is as defined in formula 1.
For application of the semiconducting layer in p-channel FETs, it is

35 desirable that the semiconducting binder should have a higher ionisation
potential than the semiconducting compound of formula |, otherwise the



In the case of the polyneric fornul ae described herein, such as fornul ae
301 to 8, the polyners may be term nated by any term nal group, that is any
end- cappiwg@ 20r2/die@8i ng group, including H - 31 - substrcrmredian3sh2 (f or
exanpl e phenyl ene) groups, nore preferably arylam ne, nost preferably
triarylam ne groups. The aforenentioned ggoups may be |inked by further

conj ugating groups, for exanple vinylene. 5ln addition, it is preferred
that the sem conducting bi nder conprises a polyner (either a hono-pol yner
or copol ynmer, including bl ock-copolyner) containing one or nore of the

af or enent i onasindewyhayifoem Hdle tnapseln mimhaphelnaaﬁﬂd#l@me%m@bnuh&tl@bst ituted

| h |
copol yer(; A& RE 8 B RE e e g TR EoRRrERE abi y
triaryl am ne)tosaugicoeledtionr tearpingi t s. Anot her pr ef er r ed semi conduct i ng

bi nder conprises a honmo-pol ymer or co-polyner (including block-copolymer)
containing fluorene and/or t hi ophene units. 15The sem conductin blnder may

al so contai n H@ FBiIalion aceerdiihie theguasentinventiqromayhenprepared b

pol yvi nyl car bgroebes whidty sérinbbigss: or their copol yners nay be used. The
sem conducting binder may optionally contain DBBDT segments (for exanple

repﬁat hun| tls (g)ls dﬁi'st:ml)bagl afmm?oumhb&fo‘rrraﬂmVethaﬂ ofrgah@\érﬁncéﬂmﬁé hbl lity

with the sol uble ef erred.sem,conducti ng

bi nders for use in ?ﬁ%ﬁg?ﬁ%r%oé @e%ép Wdﬁ%t'gﬁg'?/go PH??%H’"&E%&P%B%‘@ to the
present inventi onccamemp@nty(tggethenm a&obenbloe polyrdt PibAd, a pol ytriaryl am ne

of the 1811 owi ng fornula wherein mis as defined in fornula 1. For
appl i cation offi)t h@@@ﬂﬂéhﬁ&%{qm@) captaining the spapeandreE fermila fiand the

35desirabl e that éﬂ@%n&eﬁhaéﬂﬂilétsljbgtrbien‘éﬂﬂ optieHkAy Eaé(ﬁor@umr;%r i oni sati on
potential than the se C{c} sq nr'p nd o ormul a herw se the
solven s% (o] orma olid ganlc semiconducting layer according to

the present invention,

15 (i) and optionally removing the solid layer from the substrate or the
substrate from the solid layer.

In step (i) the solvent may be a single solvent or the compound of formula
| and the organic binder may each be dissolved in a separate solvent
20 followed by mixing the two resultant solutions to mix the compounds.

The binder may be formed /n situ by mixing or dissolving a compound of
formula | in a precursor of a binder, for example a liquid monomer,
oligomer or crosslinkable polymer, optionally in the presence of a solvent,

25 and depositing the mixture or solution, for example by dipping, spraying,
painting or printing it, on a substrate to form a liquid layer and then curing
the liquid monomer, oligomer or crosslinkable polymer, for example by
exposure to radiation, heat or electron beams, to produce a solid layer. If
a preformed binder is used it may be dissolved together with the

30 compound of formula [ in a suitable solvent, and the solution deposited for
example by dipping, spraying, painting or printing it on a substrate to form
a liquid layer and then removing the solvent to leave a solid layer. It will be
appreciated that solvents are chosen which are able to dissolve both the
binder and the compound of formula |, and which upon evaporation from

35 the solution blend give a coherent defect free layer.



- 32 - binder may formhole traps. In n-channel materials the

sem conducti ng bi nder should have |ower electron affinity than the n-type
sem conduwOap1¥m9esoi d el ectron trapping. 5The fornul at iPom/ERe@iondismy t o t he
present invention nmay be prepared by a process which conprises: (i) first
m xing a conpound of fornmula | and an arggnic binder or a precursor
thereof. Preferably the m xing conprises mxing the two 10conponents
together in a solvent or solvent mxture, (ii) applying the solvent(s)
contai ning the conmpound of formula |I and the organic binder to a substrate;

and opt idon?! Isuirampwomémg fohibessihdendr(the ddi)?;ic_ﬂma @ﬁ[f@ﬂhh;élga}ﬁgéc ;

sem conducting_ | ayer rgsent inyentiqgn, ii1).an
optionally re t@(%&ettﬂgygé%%ﬂ]iﬁg?nfor@ﬁqq@n&@&q 51339’8?' alsh%ei‘%ﬁ'l?ﬁjr ate
from the soliigd ASY¥r Method Dedl132 at theccomentratiomay wihichathel mixtereswillent or

t he conpound I i | i : di ssolved in a
separate sol v%ﬁpfg%agrﬁgv@%{%aq n@iﬁ%ﬁﬁlgvﬁﬁq?&w:ﬁ%ﬁ%l ons to mx

t he congoundsdeqq{@eﬁi indee ARlMgeethwdaed in situ by mixing or dissolving a
compound of formula I in a precursor of a binder, for exanple a liquid
nmononer, oligenmer pr crosslinkahl ol ynmer, optignally in the presence of a
sol vent, 25an'8"‘ﬂ|éﬁgs§’| he ﬁapfef?éaktﬁ&zﬁﬁ&@ %&Coﬂﬂ’lﬁel with the,preseahivenion di ppi ng,
spgI ayihng, pai thisi fogmatationi may aisd compﬂs@mumhﬁcﬂ‘eezowpdmfd@(glfbhﬁuﬁad Iaye][
and then curi [ r oner. or crosslinkabl e pol ynmer, for
exanpl e by ex%gqs/é?g”{)ggm ieam? ﬁgg& %rebg{‘a%r&%FB%W%r?'@M, %Bfﬁé&yi% a
solid | 4Jer. preparipodhe forsaulstionsray ke apptied to sagh feemiilationisved t oget her
with the 30 conmpound of forrmula | in a suitable solvent, and the solution
deposited for_exanpl e di ppi ng, spraying, painting or printing it on a
substrate to EZS?WPH%Q ?#c)r%l'@blﬁ)g%g pé%fg"teﬁequﬁ@mﬂ“f@@ n@l@%wmouo | eave a
tsol ijpl Ia?/er. bllir’{nita\ﬁtidd, di@Iamﬁ@m?ﬂéﬁﬁichtbibn@ﬂl\dé’r@tr?oﬁdcfhll&ﬁlﬁéﬁﬂer\((j@,i&-,h ﬁre abl e
o di ssol ve bg e hij nde conpaund of fornu , _an i ch upon
evapor at i on f&'SE“Oég?‘F&eQ%’ E??%W‘%Pﬁﬁﬁn' Q)%&S’ ToFRAAE. g@\“%‘&?’ Q'F%nﬁayer. -
33 - Suildabl emsxyleratp-xylenet hel-tiondee, acetohe, mothytathglkefonkon@s a | can be
det erm ned by I a4 Goqt i f LAl as described in
ASTM Mt hod LiE1E50eaRec o RAIoRIeRUREL . R 4 IR b fr & 6f1FT L

enpl oyed. Theatrigt inbulybacefatal dimethylioranide alimetiylacitamide; as Sdescri bed
in the ASTM ngifirylstifoxid. tehasin, dEaARPIRENEIAMH/OMAhdisARERIgance with the

present invention the fornulation nay al so conprise two or nore conpounds
of formula | and/or two or nore binders or binder precursors, and that the

process20or  After the appropriate mixing and ageing, solutions are evaluated as one of

the following categories: complete solution, borderline solution or
insoluble. The contour line is drawn to outline the solubility parameter-
hydrogen bonding limits dividing solubility and insolubility. ‘Complete’
solvents falling within the solubility area can be chosen from literature

25 values such as published in "Crowley, J.D., Teague, G.S. Jr and Lowe,
J.W.Jr., J. Paint Tech., 1966, 38(496), 296". Solvent blends may also be
used and can be identified as described in "Solvents, W.H.Ellis,
Federation of Societies for Coatings Technology, p9-10, 1986". Such a
procedure may lead to a blend of ‘non’ solvents that will dissolve both the

30 binder and the compound of formula |, although it is desirable to have at
least one true solvent in a blend.

Especially preferred solvents for use in the formulation according to the
present invention, with insulating or semiconducting binders and mixtures
35 thereof, are xylene(s), toluene, tetralin and o-dichlorobenzene.



10preparing the formul ati on may be applied to such formul ati ons. Exanpl es
of suitable and preferred organic solvents include, without limtation,

di chl or ormOhare#19688i chl or omet hane, nonochl or obenzene, odCthireriooesszene,

t et rahydrof uran, anisole, norpholine, gl uene, o-xylene, 15m xyl ene,

p- xyl ene, 1, 4-di oxane, acetone, nethyle ﬁy1 ket one, 1,2- dichl oroethane,
1,1,1-trichloroethane, 1,1,2,2-tetrachl oroethane, ethyl acetate, n-butyl
acet ate, dinmethylformam de, dinethyl acetam de, dinethyl sul foxide, tetralin,

d | i i d d/ 20 .
Secel o o S A G5 g Al e, RSB RG  0 *
conpl et e sol wriaygr dvcocting itaéhe presend nventionsoé typieallyT2@1dordt2@byl i ne is

drawn to out l\/\}défgntégfefgp%M?'ﬂO' Yo @qroa,gg}@é %}ggrbﬂggq tpopgl 88| o t's dividing

sol ubility an n wthin the

sol ubi I ity apsefesablyise! éqhasfefpr#h%rﬂrﬁer%blat%‘r@iﬁlﬁnmégp%@aw 4d). publ i shed in
"Crow ey, J. @@éﬁﬁﬂg%n&&eﬁélaw@nb%ﬁmfﬂwé’\éorﬁbound] of féthiilla Tﬁ\cfhe 1966,

descri bed 1 n b eeh {5 Rl 5 b R Sgi g PLan for comi ngs

described inDi

Technol ogy, pRedifty, iéditrashio wreatprarde thave beey dxpedtddofremithemttiopfart. non’
solvents that will dissolve both the 30bi nder and the conpound of formula
|, although it is desirable to have at | east one true solvent in a blend.
Especi al | y prefaccowtansslwiénthe pesentevientiond Hasrfotthet been fmwut thatghe o t he

presentqg nve r s i tures
35t here1oqc a?%\}éy%f (taprﬁ% Qﬁjsgtggﬁgﬂh? eqtr§§m|Cn ang{;ﬁa%&nﬁla?@;@rﬁgﬂﬁw- 34 -

The pr oport i dnalsgrafp 'e¥ed HBH{RY@HCT“@P'“WOY%?%@V glectionic dgviggsat i on

or layer acc@udhng OPETReThEaDHIS contepiiof ek frGulationds!donmealy to 1:20 by
wei ght, preferabl 10 1 1.10 nore preferably 5:1 to 1:5, still nore
preferably 3%’3{% [ﬂ“CP)Wér preferably 2:1 to 1:2 and especially 1:1.
5Surprisingly and benefl cially, dilution of the conmpound of forrmula I in

t he bi r has been found to havé little or no detrinmental effect on the
char genﬁgbl I |St‘§)‘d3|99”$%?ﬁ(?/%)s'f f aﬁl%ul d have been expected fromthe
prior art. In accordance with ﬁe present invention it has further been
found that thehareirea& maswﬁéomouag of dornewia |i In =tmas® phkinider ssdicdnduct i ng
| ayer fornul ghhedof Solgbse @ factor in achieving inproved nobility val ues
for electronic devices such as OFETs. The solids content of the fornulation
is commonly expressed as foll ows:

20 The solids content of the formulation is preferably 0.1 to 10% by weight,
more preferably 0.5 to 5% by weight.

Surprisingly and beneficially, dilution of the compound of formula | in the
binder has been found to have little or no effect on the charge mobility, in
25 contrast to what would have been expected from the prior art.

The compounds according to the present invention can also be used in
mixtures or blends, for example together with other compounds having
charge-transport, semiconducting, electrically conducting,

30 photoconducting and/or light emitting semiconducting properties. Thus,
another aspect of the invention relates to a mixture or blend comprising
one or more compounds of formula | and one or more further compounds
having one or more of the above-mentioned properties. These mixtures
can be prepared by conventional methods that are described in prior art

35 and known to the skilled person. Typically the compounds are mixed with
each other or dissolved in suitable solvents and the solutions combined.



15 a+b Solids content (% =x100 at+b+c wherein a = nmass of conpound of

formula I, b = mass of binder and ¢ = nass of solvent. 20The solids
cont ent ovothe/diessaul ation is preferably 0.1 to 10% by weirgireo11m035¢2
preferably 0.5 to 5% by wei ght. Surprisingly and beneficially, dilution
of the compound of formula | in the bind® -has been found to have little or

no effect on the charge nobility, in 25contrast to what woul d have been
expected fromthe prior art. The conpounds according to the present

i nvention can also be used in mxtures or blends, for exanple together with
ot her conpounds having charge-transport, sem conducting, electrically

conducti ng, ! r |ng
properties. T é;%rﬂﬁﬁ er %g%oer@[}‘(y@tphe& ent# H&%ﬁaﬂé@@? H%'ym xture or
bl end conpri stargpidsrecoe qmnwa:@nﬁbéunqmp@heﬁ@rlm far examglesurface-aotiee f urt her
conpounds havidig eur»%@rlu@maﬁlr@fa élﬁsa\bg?ﬁﬁ%n’?dﬁfg&éé”lﬁ%aét}é@peé%e These

m xtures can eprepare by co i/entlon scrlbedln

prior alt 35 3MrRRBARING RGeS AGhasie agsnrisnllowyppeavers, defeariigagents. ar e
mxed wth eagdneratins, axruei1t§sm|¢1edwayrb§matoﬁbé@rﬁ@hwéabm@%xthlaﬂew utions
conbi ned. - ‘_ch - Thec{y or nul aéreﬂ%§ accor e pr esent |nvent|on can
addi ti onal | y SEAPANS e Y PHBIELT: L?lepﬁ@rzef,sor#?g’ﬁ&?& 1aNePA e Lhnpl e
sur f ace- acti viehibswpounds, |ubricating agents, wetting agents, dispersing
agents, 5hydrophobi ng agents, adhesive agents, flow inprovers, defoam ng

agents, deaerators, diluents which may be reactive or non-reactive,
auxi | i atPes, ki desieahle to gpasraje smajnatrtciuresdnsaderamsicragiedtionicetas,

nanoparti cl eSre%cé%lsb rﬁ@fesde\ll@és&/uhﬁ aHes) %ﬁQ'p%V\Fé? IPRE nenSﬁahérrS?ﬁd uct ures
i n nodern mcrfotg c?ctro ﬁs to reduce %ost ér(? devi cesfunit area

power consunp?'i'Bf. a¥%ft?é RiMETBIon TRaY Pgycarried ouhby phetalithegiarhy ope carr| ed
out by phot ol ¢lebtegn debyn lithogragsty: on beam | it hography.

15 Liquid coating of organic electronic devices such as field effect transistors
is more desirable than vacuum deposition techniques. The formulations of
the present invention enable the use of a number of liquid coating
techniques. The organic semiconductor layer may be incorporated into the
final device structure by, for example and without limitation, dip coating,

20 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. The present invention is particularly suitable for use in spin
coating the organic semiconductor layer into the final device structure.

25
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
those supplied by Aprion, Hitachi-Koki, InkJet Technology, On Target

30 Technology, Picojet, Spectra, Trident, Xaar may be used to apply the
organic semiconductor layer to a substrate. Additionally semi-industrial
heads such as those manufactured by Brother, Epson, Konica, Seiko
Instruments Toshiba TEC or single nozzle microdispensers such as those
produced by Microdrop and Microfab may be used.

35

in order to be applied by ink jet printing or microdispensing, the mixture of



15Liquid coating of organic el ectronic devices such as field effect
transistors is nore desirable than vacuum deposition techni ques. The

f or nul at iwex0Df019438@ present invention enabl e the use of paTmpadigOIsh2 | i qui d
coating techniques. The organi c sem conductor |ayer may be incorporated
into the final device structure by, for. gxanple and without limtation, dip
coating, 20spin coating, ink jet printing, letter-press printing, screen
printing, doctor blade coating, roller printing, reverse-roller printing,
of fset lithography printing, flexographic printing, web printing, spray
coa: ! ngl, blr uahem@mdoof fonchupd | ahd fige bﬂ'mthi_%r sh?ﬁleme fiky @sbRRdiif a t
particularly sui n spi i n e organic, sem conduct or

| ayer into ti?é”t#) &&éﬁ{(%bﬁg?*ta@ﬁtgpﬁg eS@?'HH?@(?”F%%%?SB\‘%aB t he
present i nvenhustrnmtdga\l@earappetredemtal effedtabr theathemdedarint deadbst r at es by i nk

jet printing or mcrodispensing. Preferably industrial piezoelectric print

heads such as but not limted to those su pI i ed by A&I’I on, Hitachi - Koki,
| nkJet Techndhedjtionally, salvgats QWQW@ ngpeiptset 10&Es greterallyiddOfC Xaar

may be used tghPRIYrY préRrasl a»ms@ @qmo?@éﬂ@%re%htad;%rabmtyapr%téﬁé at e.
Additionally sem -industri.al ads se manaf gct ured Br ot her,

Epson, Koni c&?@ usediy s"ic?"d 5)/ 'FIQ)QH e(ﬂ”rglt'ﬁ& HE3bleso vents
m cr odi spensensluslecsimbasmtdaomdmmﬂgnlﬁintmdl\ﬂywr@ﬁ@rﬁueﬁwésl\ﬁ|O(Bp{ alkymay be

usec, 55 V0 o 6aS RGBTSR A0S A ey SR o7l =
nust ful@il tetber dguvativesnsubstitatasdhetemayclesdsuchsas MStilmed paymiglirobsst r| nent al
ef fect on the,shomnay errmd|ﬁ€§‘$yrr%ﬁ9mohb9n§\m§ﬁtut%r8|ea¥ﬂ 306 DRSO

boi I i ng points >100C, preferably >1 and nore
to prevent opérGt: Pikvkanﬂm@ﬁ|%°@§aﬂear'weﬂm chipringtes aéﬁ’?ﬁh@ﬁ out inside

the print head. Suitable solvents include substituted and non-substituted

I deri 1 bstit
hone cubst | t ut A el siverf 8t S¥bes TG RIP I uBEOR ar ot Pprresetibst i ¢ ut ed
het er oclt@l es isvemtiarsby irdsjet printng pympdisas 8, bgnzeaei deivatipy whictdhasa,
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and ot her fl uori nat ar ona erred solvent fo
deposi ting a Ménhker et ¢ahonAemgiamore theveng o sware sybshty@nts sratigastnk jet

printing conphirsE Fdt HQFREEthESdnzRine
substi t ut edrrEtlh %ﬁe % rmﬁ?% )Lgfbst it uent%rﬁggglﬂ?fbésgﬁ%ﬁ% M)Qr% %rfOPXar bon
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at oms anong t#QUBHY taree ety gryRs. e fitker case thege Beindrtdeastithreeexanyl e,
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T 8 OS8O 5B AR B LS R R AR ™ 1

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,

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

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

35 The use of the binder in the present invention allows tuning the viscosity

of the coating solution, to meet the requirements of particular print heads.



conprising the solvent with the binder and the conpound of formula |I which
reduces or prevents clogging of the jets and separation of the conponents
during spwaybreioéBhe sol vent (s) may include those sel ecPeu/Hreamiodise2
followng |ist of exanples: dodecyl benz qg 1-net hyl - 4-tert-butyl benzene,
25t er pi neol |inonene, isodurene, terpinol’ene, cynene, diethylbenzene. The
sol vent may be a solvent m xture, that is a conbination of two or nore

sol vents, each solvent preferably having a boiling point >100C, nore
preferably >140C. Such sol vent(s) al so enhance filmformation in the |ayer
deposited and reduce defects in the layer. 30 The ink jet fluid (that is

m xture of sdrhsammldninduetingrlﬂyer@ﬁtkne)pmmitng/ecmcrpwt)cﬂ))cablyea‘terﬁ@éﬂw has a

viscosity at and nost
pref er abl>/y 1 rﬁ%%'g nﬁlr%j)ttég%éﬁﬂ%ﬁgh%?%@r gPtfl)fe&lt'ké)d é%)ﬁ%sctl nvention
al | ows tuni nghickaess etths layepwilt %@pmtfomgxasnpl@t upan the rememennmS of
requiregrents tﬁ& e@é’ét?drﬁé‘ﬁéfllcﬁrlh Whl&?ﬁ@}ayer ls?’l]sed Fog EWP\ ‘éﬂ F‘Efl"d?g | ayer of

t he present i tion is |ca I’I m cron Arn) thick

al t hough it &E eﬂi%a(\!ﬁé 'f”er%"d%/??)’éﬁp'caﬂ @R8N [ lﬁ@ﬁess of the Iayer

wi || depend, for exanple, upon the requirenents of 5the electronic device
in which the |l an OEET o D, the | ayer thickness
may typical | y" gﬁeggmﬁﬁf@&tmgsgyeqﬁftbﬁé)rg% td%‘éﬁiﬁ@ﬂ‘ﬁ&*ﬁ NAYP&ESde present
i nvention t héwe eraypotediffecenttcampounds ef fdihbiker le Addidimmady od altefndtiveiwl a | .
Addi ti LTy /% ' ere may be
used t\%mor ngrtréé(%rgﬁg%dlﬁhéér%&(}ﬁe@ﬁ]agﬁggsg%mw&/gﬂﬁjdrg%?é@ﬁ TETEH'[I oned
above, the i riiedersoH thePreentiRwAtiRds a process for preparing the organic
sem conducting layer which conprises (i) depositing 150n a substrate a

I d layer of a for i on,whi ch Ses one or nore c ounds of

fi)(r:lmjl a Iy rés H}EWPEHQ%Q’Q(HI Lheoénﬁﬁatr' WW&&Y' B% & Rrﬁ'é?%%rgng optionally

\me ﬁr m)rﬁ mépenngihaotga(mm}selfrmcmdn@tlhgdwdr:vmd:h qomprisey ¢ d@ﬂéghh Llayer
ich is=the n e ess e soli

faver g be Fh FabSaels TO0REeret 3 Afat BN EREone AERiRG ¢ he

bi nder resin mnwwof(fpfmpleels@ne)ortmommanmebmda@ecpr presursors situ. The

substrate may néf&if%‘a @mwn%ng%rnbydrnﬁoféeé@w&ngaaﬁa gl)%ﬁﬁ.h@%?ﬁesepar ate

substrate suc as silicon wafer or mer substr
liquid layer a solid layer WhICh is the organic semiconducting Iayer

20 In the process, the solid layer may be formed by evaporation of the
solvent and/or by reacting the binder resin precursor (if present) to form
the binder resin in situ. The substrate may include any underlying device
layer, electrode or separate substrate such as silicon wafer or polymer
substrate for example.

25
In a particular embodiment of the present invention, the binder may be
alignable, for example capable of forming a liquid crystalline phase. In that
case the binder may assist alignment of the compound of formula |, for
example such that their aromatic core is preferentially aligned along the

30 direction of charge transport. Suitable processes for aligning the binder
include those processes used to align polymeric organic semiconductors
and are described in prior art, for example in US 2004/0248338 A1.

The formulation according to the present invention can additionally
35 comprise one or more further components like for example surface-active
compounds, lubricating agents, wetting agents, dispersing agents,



25 In a particul ar enbodi nent of the present invention, the binder may be
alignable, for exanple capable of formng a liquid crystalline phase. In

t hat casewOhe1miipeder nay assi st alignnent of the conpoumdTaP2diemsha |1, for
exanpl e such that their aromatic core is preferentially aligned along the
30direction of charge transport. Suitabl38 processes for aligning the binder
I ncl ude those processes used to align polyneric organic sem conductors and
are described in prior art, for exanple in US 2004/ 0248338 Al . The

formul ati on according to the present invention can additionally 35conprise
one or nore fhydrbemoliogageats, sadhdsesef agerds sfiqw enproviess, etedcamirg agenteunds,

2012 019683 PCHABRITUisEs 18855 of hRTEIARE AREMS audiBies . e agents,
f 1 ow i npr overaolouientsa iy Qig@%@nt%éwéh%rme, egpeaiaiy is, caseaurossl@kable

non-reactive ﬁhdﬁé&%rﬁré s lcbtaaystgssers‘e%z@aé 8&&@.{9 EhHMitdRs | S,
furt heror e, es c Q%‘i/ in casecfross I nkabl e ers are use catal ysts,

sensitizers, 1S OriGOnfaRCctiBg MNORQIYLTS. 5t ransfer agents or
co-reacting m)norrers The present invention also provides the use of the
sem conduct i cQ f Qr tion.or Jlayer in.an electronic device. The
fornul ati on ngyf B@%@gﬁ'ivggggﬂﬁlg%pﬁgﬁﬁ W%S&T?ﬂgﬁcﬁ?@ 154 dlr‘f&”@ri al in
various devi casni@untt fappalationor 1ayes if anmaléctronia den';cebé‘heﬁenlnul'ébm exanpl e,
in the form %azeéedge%owﬁ%gﬂ%&ﬁmg se%céﬁdd@tlnﬁgﬁg{eqlamml \Yandu@ SER

aspect,  the I nventi o €S a sem co er for {Jse in an

el ectrotff c deﬁﬂd:%PPQfHBJS EME fo&@sm{ﬁtqog, Mgy tecusask mﬂ%afﬂweatfbfbﬁdbﬁg of@ t he

i nvention. Therhig¥Raudting lalyer Bﬁﬂlnb%écﬁﬁ'émb th 8ReWer %Qp@&tcfr@ﬁresgﬂg various
el ectronic deV| ce. 15a @llcatlons thi ckn SS ma | ess than .about 1

m cron t hi ck.NYFFQMLY Clt'Ba 'an% Okl @8N §1Ciropls devjee.an
el ectroni c dehedayergonaprysing the borafudatioreatdardied tsaheﬁmmtmatrhéq;ay@r or

B eaent i nvenlraey beB8s H ALOEEIGRleToRE ORI SEERLIE IR
el ect ri t2l | y anpligationsdhe thiskaesmamaytbenigssthan ghout microg thickeThallayém
optical, el e%ge%td s»:teﬁ' fiﬁterx‘ém;ﬂe d 'éaﬁég@f'éﬁ‘é@éﬂ;@rﬂ& d%lgE%B&%ngHf”escem

corrponents or, devi ces. pecsﬁgl @g pref er devi ces are
logi ¢ circui tthe aiaesmentioned sgiuion geatingpEprinting teebniawesps, oOPvs, sol ar
cells, laser

The compounds and formulations according to the present invention are
20 useful as charge transport, semiconducting, electrically conducting,
photoconducting or light mitting materials in optical, electrooptical,
electronic, electroluminescent or photoluminescent components or
devices. Especially preferred devices are OFETs, TFTs, ICs, logic circuits,
capacitors, RFID tags, OLEDs, OLETs, OPEDs, OPVs, solar cells, laser
25 diodes, photoconductors, photodetectors, electrophotographic devices,
electrophotographic recording devices, organic memory devices, sensor
devices, charge injection layers, Schottky diodes, planarising layers,
antistatic films, conducting substrates and conducting patterns. In these
devices, the compounds of the present invention are typically applied as
30 thin layers or films.

For example, the compound or formulation may be used as a layer or film,
in a field effect transistor (FET) for example as the semiconducting
channel, organic light emitting diode (OLED) for example as a hole or

35 electron injection or transport layer or electroluminescent layer,
photodetector, chemical detector, photovoltaic cell (PVs), capacitor



25di odes, phot oconductors, photodetectors, el ectrophotographic devices,

el ect rophot ogr aphi ¢ recordi ng devi ces, organic nenory devices, sensor

devi ces, whanpaipespecti on | ayers, Schottky di odes, plan&Cir&iragloa3ser s,
antistatic filnms, conducting substrates and conducting patterns. In these
devi ces, the conpounds of the present iB8ntion are typically applied as
30thin layers or filns. For exanple, the conpound or fornulation may be
used as a layer or film in a field effect transistor (FET) for exanple as
t he sem conducting channel, organic |light emtting di ode (OLED) for exanple
as a hole or %ebedoglomlrlcn}tedlsplav oremeryrdgpice andjhe like. Tdeecompbund nescent

w0 2012 01oes et RRyR 17 §Ee e UEE! M cicthBbRéRarIRe Eb ooy

menory devi ce and the |ike. The conmpound or for rrul ation may al so be used in

el ectrophot og!rrado&bm oERY orpemi@atien isT| .@f@.@m@osmdum cé%taubabrrﬁra la§ e([ g
or | min a nmenti one

f I d
fevi ced> o) agh e e ey iparabis T RlovER SANTAS ot
manuf act ur e. m’lmestalpdwemhtrht}amfgaanafadtwe rbéiimptoveaf chdrge camrund or
formit ati on hobfly & RETBMbAURT! RRERABLSS: BUHR QKGR JRRALAT US 10

operate faster an |c rentl eci'a pre erre tronic
devi ce are OFEES, d@_@om@w%@m@gte f%t@@nd/@umre pffickentlyt er oj uncti on
(BHJ) OPV devices. In an OFET, for exanple, the active sem conductor

channel , bet ween the drain d source nay conpr | ayer of the

i nvent i Asf q{'é(rp@%%{ﬁ#@'e rlé”é‘ﬁndﬂ tfe F'&f,'% fﬂi%éﬁ 8ORYol e or

el ect { pn) [ Ejdm/ﬁcteyl irppaticaier ik hbferemnﬁﬁdn @HOWP\@C&WIB?S Il?ﬁwOFEﬁ hte

i nventi on. [ us rdi ng,to, the presen
ivent f on i < 1Br EREmalk. SheaBfiVe SERidd R R f SetiEeitnE Gubiha R Cor i s
nmor e preferatﬂqprc@mysmmpss&the myleyobthe meeytiqr. Keandther exaﬂnpm vebp of, a
p-type (el ectéegﬁ%ﬁéw%é e AU Bleckidfl) 4 e&iéry&etr%ﬁépeoq e geptoﬂ

sem congduct or e sem ctor 1s c tltut ed a conpoun
accordihg to Qorﬁéprﬂﬁ%%w?hﬂ?feﬁﬁ‘ﬁ'ﬂhemm n-type seni conduct or can be an
inorganic material such as zinc oxide or cadm um sel enide, or an organic

e et et B e et She ook b B i . Scone
or "C60PCBM ,preferably used in a formulation that comprises or contains, more preferably
consists essentially of, very preferably exclusively of, a p-type (electron
20 donor) semiconductor and an n-type (electron acceptor) semiconductor.
The p-type semiconductor is constituted by a compound according to the
present invention. The n-type semiconductor can be an inorganic material
such as zinc oxide or cadmium selenide, or an organic material such as a
fullerene derivate, for example (6,6)-phenyl-butyric acid methyl ester
25 derivatized methano Cgg fullerene, also known as "PCBM" or "CgPCBM",
as disclosed for example in G. Yu, J. Gao, J.C. Hummelen, F. Wudl, A.J.
Heeger, Science 1995, 270, 1789and having the structure shown below, or
an structural analogous compound with e.g. a C; fullerene group
(C70PCBM), or a polymer (see for example Coakley, K. M. and McGehee,
30 M. D. Chem. Mater. 2004, 16, 4533).

35



as disclosed for exanmple in G Yu, J. Gao, J.C. Humelen, F. Widl, A J.
Heeger, Science 1995, 270, 1789and having the structure shown bel ow, or an
st ruct ur avoanelagsas conpound with e.g. a C70 full er ene PgTmPROI1ICIBPLBN) , or
a polynmer (see for exanple Coakley, K M and McCGehee, 30M D. Chem Mater.
2004, 16, 4533). - 40 - C60PCBM 10A prgherred material of this type is a
bl end or m xture of an acene conpound according to the present invention
with a C60 or C70 fullerene or nodified fullerene |ike PCBM Preferably the
ratio acene:fullerene is from2:1 to 1:2 by weight, nore preferably from
1.2:1 to 1:1.2 by weight, nost pref@fably 1:1 by wei ght. For the bl ended

m xture, an optional annealing 15st\gp ffmay be ne ﬁfsary to optim ze blend
nor pohol ogy and consequently OPV devi cex 0 €e. The OPV device can for
exanpl e be of any type known from iterat e [see e.g. Wl dauf etal.,
App!. Phys. Left., 2006, 89, 233 N i r st preferred OPV device
according to the invention conprj
exanple5a nmetal, such as aluninui
exanple I TO, one of whichis tr :
"active layer") conprising a hol e ing material and an el ectron
transporting material, preferably ser ed fromOSC materials, situated

bet ween the el ectrodes; the active | ayRsPCBM exi st for exanple as a bil ayer
or two distinct layers or blend or m xture of p-type and n-type

sem conductor, formng a bulk heterjunction (BH]J) 30(see for exanple

Coakl ey1OK. M\ ma@rmﬁ%@mﬁ;,lalmf tims typeeis a Mendror MObUre af@an 46388), - an
optional cond i ; ; PSi a (o)

PEDOT: PSS (po?%saﬂ?ﬂih“??a%%?%ﬁ*% R?e%%nﬁmfyﬁ*'ﬁ%w I CoLa0CT: PhERhgdr
situat ed bet wEeRTiagefu @%/qr\gelllqea@ Mforeferably g rééQ@Cﬁ”?ﬁWlﬁfﬁBﬁ iefredt r ode,
to modi fy the2vooki:Rwyokeight ahotdprdiéibiyst f.anctd on. 2bewidigtenia’t provi de

wor k function el ectrode (for
ygh work function el ectrode (for
5a | ayer (also referred to as

R4

an ohm ¢ cont gr%tferfa%ﬁy lﬂql t?ySWeight. For the blended mixture, an optional annealing
15 step may be necessary to optimize blend morpohology and consequently

OPV device performance.

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

20

A first preferred OPV device according to the invention comprises:

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

25 - alayer (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; the active layer can
exist for example as a bilayer or two distinct layers or blend or mixture
of p-type and n-type semiconductor, forming a bulk heterjunction (BHJ)

30 (see for example Coakley, K. M. and McGehee, M. D. Chem. Mater.
2004, 16, 4533),

- an optional conducting pblymer layer, for example comprising a blend
of PEDOT:PSS (poly(3,4-ethylenedioxythiophene):
poly(styrenesulfonate)), situated between the active layer and the high

35 work function electrode, to modify the work function of the high work
function electrode to provide an ohmic contact for holes,



-41- - an optional coating (for exanple of LiF) on the side of the |ow
wor kf unction el ectrode facing the active layer, to provide an ohm c contact
for el ectwonsi2/Egsssecond preferred OPV devi ce accordi ngPCo/EPh@tionssenti on i s
an inverted OPV device and conprises: a |l ow work function el ectrode (for
exanple a netal, such as gold), and a high-work function el ectrode (for
exanple I TO, one of which is transparent, 10a |ayer (also referred to as
"active layer") conprising a hole transporting naterial and an el ectron
transporting material, preferably selected from OSC materials, situated

bet ween t he el emt optiersal doladingdfaonexangple of L.#T) axihetsifieof thealopl e as a bi | ayer

or two distinct . ar m . - -t .

sem conduct or, Wé‘%ﬁﬁ%‘og PEQ%EBQ%%%'@ ﬁ][i)étrj%gtr'l\;a%lf Ia@%%ﬁﬁ@%%%&%? | ayer, for
exanpl e conpri stanjaet for elegt®NSPEDOT: PSS, situated between the active |ayer
and the | ow work function electrode to provide an ohm c contact for

el ect\r,\ggs, - an o tionafJ coa(b'ggpqé]\}‘,or exanple of Ti Ox) on the side of the
hi gh kf unch S6RORY PEETRERE PRY dyVies aceriaingsto thedpveritiongs @ inseded ohni ¢
20cont act forOPW d@evice antloonibtisedevi ces of the present invent invention the
p-type and n-ty em con 0 terials are preferably selected fromthe
materials, | i'keé) mwﬁ-rgﬁﬂgcq@hré%gﬁ%‘% UST 8?%@8'92?151?93%?“%@ a&&‘ﬁ‘h' 588 above.
I f the bilayer 2bigh wotK tundgtian edgxtticviea(foraexemapled§O3t @pe ohwhioh isecessary to
optim ze devi Cetré’r?sraﬁa%ﬂ'fnce- The conpound, fornulation and | ayer of the
present_jnvention dre al'so suitable for use in an OFET as the _
semi conbiict | my & e éRiso Agtasiad iagry active teyarmveampiining BdwIe trensgedingn  OFET
conprising a gahatdlsahtieifeledfrohNispbitiy materBit fefdiablydcidteli Rh .
source el ectrod§ a d;(al el.g%hrige and @% ar gani, c gem condgwtel ng channel
connecting t he Q85 TEERS HHaed PEMeIHIE elghltedes, the aclive layer can
sen conduct i ng etisinfoekexampie as esbitayeooptwmdistifhor layeat drasiend op hgRiireé
sem conduct i ng / di : i ntion. Qther features
of the CFET ar e&%ﬁ{p%@%%@@@%ﬁ%@%@égosrﬁﬁg ﬁgg@\’,‘t. -42 -
15 - an optional conducting polymer layer, for example comprising a blend
of PEDOT:PSS, situated between the active layer and the low work
function electrode to provide an ohmic contact for electrons,
- an optional coating (for example of TiO,) on the side of the high
workfunction electrode facing the active layer, to provide an ohmic
20  contact for holes.

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

25 is a blend an optional annealing step may be necessary to optimize device
performance.

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

30 the invention also provides an OFET comprising a gate electrode, an
insulating (or gate insulator) layer, a source electrode, a drain electrode
and an organic semiconducting channel connecting the source and drain
electrodes, wherein the organic semiconducting channel comprises a
compound, formulation or organic semiconducting layer according to the

35 present invention. Other features of the OFET are well known to those
skilled in the art. '



OFETs where an OSC material is arranged as a thin filmbetween a gate
dielectric and a drain and a source el ectrode, are generally known, and are
descri bedwban12amegspl e in US 5,892, 244, US 5,998, 804, USPET/EP3)1304355ANnd in
the references cited in the background section. Due to the advantages, |ike
| ow cost production using the solubility2properties of the conpounds
according to the invention and thus the processibility of |arge surfaces,
preferred applications of these FETs are such as integrated circuitry, TFT
di spl ays and security applications. 10 The gate, source and drain

el ectrodes and the insulating and sem conducting layer in the OFET device

may be arran | | : r al

cl et rode ar D asbaABls SFOSCR A o Sidnbelfhs'HiT i SEVAh BT,
the gate el edielectsicand a Heainswha SeHwece!eetrods careiganeralbnrawn (and
insul'ating | gyeHesaisbd it SIS iR bIaTderand)s Beggh 808, BB T29Be4bOt h
contact. the sem,conducftl ng | aéi?rd' AB ET devi ce aCCOédI r{g fo the present

i nvent i%on pr@ﬂé‘r'aﬁh?r‘%@ﬁ%&esse ted in the Rackamqund: sestion- Bye Qe ai n el ect r ode,
a gate el ect gadantagesshke wdust proguttiyreusingdhe solubility propdrties s theat or

or of er abl v cGREAEE ALEEEE e MUBREN oA S I BERR Sk 68 Hiba e

bel ow. The OBHffades, preferaed bpphicatiomsgditeesielEde ase suchastioteggated devi ce.

Sui t abl e Stréﬁ’wﬁ@sTﬁ%‘%ﬁé%wéﬁ’gﬁ%@%%% an OFET devi ce are 30known

to the skill rn°the art and are inthe literature, for exanple
in US 2db7/ 0102696 Al . The gate insulator |layer preferably conprises a

f1 uoropol ymerphd 448, SoGrcetditi aRMeIcHt@ddeY ahdathbahé@atiyd 8Rd809Mr) or Cytop
107Mr) (fr Orgeﬁ‘\slggﬁdl%t%%%yer in the OFET device may be arranged in any
sequence, provided that the source and drain electrode are separated
from the gate electrode by the insulating layer, the gate electrode and the
15 semiconductor layer both contact the insulating layer, and the source

electrode and the drain electrode both contact the semiconducting layer.

An OFET device according to the present invention preferably comprises:
- a source electrode,
20 - a drain electrode,
- a gate electrode,
- a semiconducting layer,
- one or more gate insulator layers,
- optionally a substrate.
25 wherein the semiconductor layer preferably comprises a compound or
formulation as described above and below.

The OFET device can be a top gate device or a bottom gate device.
Suitable structures and manufacturing methods of an OFET device are

30 known to the skilled in the art and are described in the literature, for
example in US 2007/0102696 A1.

The gate insulator layer preferably comprises a fluoropolymer, like e.g. the

commercially available Cytop 809M® or Cytop 107M® (from Asahi Glass).
35 Preferably the gate insulator layer is deposited, e.g. by spin-coating,

doctor blading, wire bar coating, spray or dip coating or other known



35Preferably the gate insulator layer is deposited, e.g. by spin-coating,
doctor blading, wire bar coating, spray or dip coating or other knowmn WO
2012/ 019688RCI/EMBG11/ 003512 -43 - net hods, from a for mrCAIEPRNL1O03FPL i Si NQ
an insulator material and one or nore solvents with one or nore fluoro
atons (fluorosolvents), preferably a per#Buorosolvent. A suitable
perfluorosolvent is e.g. FC/5(r) (available from Acros, catal ogue nunber
12380). Ot her suitable fluoropolyners and 5fl uorosol vents are known in
prior art, like for exanple the perfluoropolynmers Teflon AF(r) 1600 or 2400
(f r om DuPont ) metheds, drasp el fornu(dtionneadyprising nansulator peateriabans oheant FC

43(r) (Acros, rifye s%ﬁé?m@ wntﬁsd??é:blaHoY ﬁﬁ@gﬁé{oﬂ‘?ﬁ gfugr%’%(ﬂ\?%‘\gg %{&Je? lgl(? ‘o

mat eri al s havi n& Fom
5.0, very preP@ %’QF?/SC?'Y%@%J"‘M%PQ lorosalven 'Wt@ﬁ%ﬁ@XaVai@btﬁ foosed

for exanple IAC#& %@Mé@l@?xﬁﬂﬁ)e%mov?oﬂwe@%ﬁn%é ﬂulo'ﬂoﬁcﬁ?h‘n'é'ré ¥nd

applica

ﬁl ons, Eﬁ @é devi ces rkeafem cond ng materi al s
accordiAg to f"ﬁ%roﬁplé@é‘ AfEL SRRV Yh PrIPY ﬂ'é likeloL eXARP d| odes, can 15be
used for RFI Dpediyerapolgmers Teflon#H® rn§80toy 2400 ot IaP@ng&ﬁ Hlu@@%ﬂ@

counterfeitin I (o) rds or
cards, nati ongf&{1 Isﬂgcg)@gﬁg ﬁ\se%?r?f@lgﬁcgsedslv%ﬁ Fﬁ%@ @&E%% (Nvﬁ et ry vaI ue
like stanps, Eppreialy pefarred areinsgaris dielectriczoaterialshavingylowt he nmaterial s

according to béﬁnmnﬂ@r(br Qlél&ﬁﬂc%n LRRPbM pbt%@%o%qyggécfﬁfmh W% di spl ay

material . in a f Jpane | catjons, or as flat
panel dilQpl aytq ‘f‘%e( lgweyc "é?t?f'%'él)daér‘g%“tj%ﬁe%‘foéﬁmmplmﬁr?@_ 02696 real i zed
usi ng nul ti | aparordy$ Fo028,684. An emi ssion |ayer is generally sandw ched
between one or nore el ectron- 25transport and/ or hole-transport |ayers. By
applying an electric voltage el ectrons and hol es as charge carriers nove
towar ds t he el seduity haphcatigms; ©RHE and eﬁmrhdevaielsomth sanhicdnauctieg

tat th
o 55 on | ay e AGHAE dcLBldiSE £ 1R pRehl PveHiGh IR s ?%"@é%ﬁ%gb%a”n )
enpl oye35l n ohe usedier BFYP t@%oeggwr%@arkmﬁgﬁutmqy@a& and/preventn t he

em ssion | ayeboum@ffteﬂmgcufdjdwnﬁ@né |Eb‘?k/élu%| l%tﬂd%bt&n@/r & cArasidrab
properties. FurIHﬁ re t@ use with he emssmn?a er 1s especially

advant ageous, m%ﬁe‘fqeﬁ%sé‘ﬁ@nﬁ/ |Hrﬁ§u‘§d’&'ﬁ"f maRgtyo/alue
i nvention shohkeaistmﬁps:;ltmhehseshan@s phepass ees t hensel ves or conpri se
el ectrol um nescent groups or conpounds. The 35sel ection, characterization
as well as the processing of suitable :
20 Alternatively, the materials according to the invention can be used in

OLEDs, e.g. as the active display material in a flat panel display
applications, or as backlight of a flat panel display like e.g. a liquid crystal
display. Common OLEDs are realized using multilayer structures. An
emission layer is generally sandwiched between one or more electron-
25 transport and/ or hole-transport layers. By applying an electric voltage
electrons and holes as charge carriers move towards the emission layer
where their recombination leads to the excitation and hence luminescence
of the lumophor units contained in the emission layer. The inventive
compounds, materials and films may be employed in one or more of the
30 charge transport layers and/ or in the emission layer, corresponding to
their electrical and/ or optical properties. Furthermore their use within the
emission layer is especially advantageous, if the compounds, materials
and films according to the invention show electroluminescent properties
themselves or comprise electroluminescent groups or compounds. The
35 selection, characterization as well as the processing of suitable
monomeric, oligomeric and polymeric compounds or materials for the use



nmononeric, oligoneric and polyneric conpounds or materials for the use -44
- in OLEDs is generally known by a person skilled in the art, see, e.g.,
Mul | er, Syot2bi2/dvedsal s, 2000, 111-112, 31, Alcala, J. AppCI/EHPhy13/00352000, 88,
7124 and the literature cited therein. S5According to another use, the
materials according to this invention,'éégecially t hose show ng

phot ol um nescent properties, may be enployed as materials of |ight sources,
e.g. in display devices, as described in EP 0O 889 350 Al or by C. Weder et

., etal @gﬁb- th
?nvent6| gn reﬁgltcg'r@?s %@%ﬁer{%@%gﬁ | S % aeg%&f‘g%ﬂ%&eg? hc???nr? the Coe ounds
accor di ng to Milley, SNOEhtM%W.‘SEQQQer”ﬂo%%? o, fégata.of ANRAIhHs20@R 88 s in

formati on of &dy gﬁ@m@%@g@kégg@“m@mform which is of high
conductivity. This can occur on exposure to comon dopants. Suitable

dopants and net hods of doping are known to those skilled in the 15art, e.g.
from ER 0 528AddnrdingSoantiiBerl 688 th¥tnatelialktactordihg to tips myemitioness typ| cally

| treat dat
Feduci ng. agerferesialy S SREWRT EHELRIERREL ot REERYL 1 o (e
materi al, w tds materials oéigbhshurges 0z guim display sieymesy ad desonbedin BFX i ed
dopants. - Sui tgHy 85600 Gyl Nase AL, 111! Stichka RoEB ARABIBEIP @ dopi ng

vapor in the atnmospheric pressure or at a reduced pressure, electrochen cal
doping in a solution containing a dopant, bringing a dopant into contact

with theg semﬁmnﬂh&tﬁpewbeth@invéﬁt@e rélagsnaldoth dhé buidiied a?rfuﬂreduced
|on|rrplanta f the do

2 t I
el ectrons ar éﬁ?% ceqma gac'g:mcfgg?%qﬁgzrg\fn%r@oar E%%r ‘Oggé?ﬁbia@‘ ﬂ%l ogens
(e.g., 12, Clélecﬂﬁmrﬁ?s resaits ih @irBnatiddr ofean tigh) delbealisedhionitsfo(ra, whichAB%f AsF5,
SbF5, BF3 B 30 d
ani o aci ts. Ly cOREheri TR SEl o bRbATIE 8o HOBAE, ot oo O
transition n&@?ﬂi@ﬁp@ﬁﬁtﬁsa'@@ methog of dopingare knpancedhyse skilled i m the

Fe(4- G4B§6H45.9~3)§g fréfmlEpP 2588 662HSL4,198bf53 oNAG De/2haGh>, MFS, MA S,
WF5, WClI 6, UF6 'and LnCl 3 (wherein Ln i's a |anthanoid), anions (e.g., cr,

B(, 1,13-, HSO4-, SO42-, NOB-, Cl04-, BFa-, PF6-, AsF6-, SbF6-, FeCl4-,
35Fe( CN) 63-, Timsldapinansrooésy aypically isplies teatrashtist the wefnissnduatbr S03-) . Wen

C\g gglg; Slggg%ﬁ%sﬂa&%@ﬁ'f §6ig§ﬁ§g%lr?3dl9ging %889{ in & redo&a}ebgp ion soe fotm e LIt

delocalised ionic centres in the material, with the corresponding

20 counterions derived from the applied dopants. Suitable doping methods
comprise for example exposure to a doping vapor in the atmospheric
pressure or at a reduced pressure, electrochemical doping in a solution
containing a dopant, bringing a dopant into contact with the semiconductor
material to be thermally diffused, and ion-implantantion of the dopant into

25 the semiconductor material.

When electrons are used as carriers, suitable dopants are for example
halogens (e.g., |2, Clz, Bry, ICI, ICl3, IBr and IF), Lewis acids (e.g., PFs,
AsFs, SbFs, BF3, BCls, SbCls, BBr; and SO3), protonic acids, organic

30 acids, or amino acids (e.g., HF, HCI, HNO;, H,SO,, HCIO,4, FSO3H and
CISO3H), transition metal compounds (e.g., FeCls, FeOC!, Fe(ClOy)3,
Fe(4-CH3CgH4SO3)s, TiCls, ZrCly, HfClg, NbFs, NbCls, TaCls, MoFs, MoCls,
WF 5, WClg, UFg and LnClz (wherein Ln is a lanthanoid), anions (e.g., CI,
Br, I, Iy, HSO4, SO,%, NO3, CIO,, BF4, PFg, AsFg, SbFs, FeCly,

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



- 45 - Na+, K+, RID+ and Cs), alkali netals (e.g., Li, Na, K Rb, and Cs),
al kaline-earth netals (e.g., Ca, Sr, and Ba), 02, XeOF4, (NQ®2) (SbFs),
(NO2+) ( ShGR6)2/0196862+) (BFI), AgCl04, H2IrCl6, La(NGC3) 3PCEHHP11B&F2D0S02F,
Eu, acetylcholine, RAN+, (R is an alkyl group), R4P+ (R is an al kyl group),
5R6As+ (R is an al kyl group), and R3S+ (&Ls an al kyl group). The
conducting formof the conpounds of the present invention can be used as an
organic "metal" in applications including, but not limted to, charge
injection layers and I TO planarising |layers in OLED applications, 10fil ns
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an OLED device conprising a light emtting mteria
al i gnment Iay@rﬂr)tegrﬁ'@ultrp&aé%%@gdéﬂoé’éﬁf‘ﬁ%ré} conductivity can enhance the
el ectrol um nescence of the light emtting material. The 30conpounds or

materials according to the sent .invention having nesogeni c.or liquid
Crystalline plBpeprmsdnogad ateRsEr-aflag b e EeRhEvsStaR g bed
above, WAi ch alse bespetaitde for useinudrgasicgllagmoeremittingedisdes (OREDS), a¢ enhance
alignnent in LAHY ' rovingded - sali ni popic film
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phot oal i gnmenAcéardficto ASotAer asé ahe rhaterals?At3rding 18 13 Presentéhvention
2012/ 019683PCT/ EP2011/,003512 - 4§ - e .
can be used alone or together with other materials in or as alignment layers

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

25 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 emitting material. The

30 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 the present invention may also

35 be combined with photoisomerisable compounds and/or chromophores for
use in or as photoalignment layers, as described in US 2003/0021913 A1.



According to another use the materials according to the present invention,
especially their water-soluble derivatives (for exanple with polar or ionic
si de groumeRo01peai cal |y doped forms, can be enpl oyed asTareniioeisibsensors
or materials for detecting and discrimnating DNA sequences. Such uses are
descri bed for exanple in L. Chen, D. W-48Branch, H Wang, R Helgeson, F.
Widl and D. G Witten, Proc. Natl. Acad. Sci. U S. A 1999, 96, 12287; D.

Wang, X. Gong, P. S. Heeger, F. Rininsland, G C. Bazan and A J. Heeger,

Proc. Natl. Acad. Sci. U S. A, 2002, 99, 49; N D Cesare, 10M R Pinot, K
S. Schanze and J. R Lakow cz, Langmuir, 2002, 18, 7785; D. T. McQuade, A
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the features pi ¥cMegRihde) A.[E . PEReG T, M Bwadgerr@hdhe RONBODBI 100, 2537
30conbi nati on, except conbinations where at | east sone of such features

and/or steps are nutually exclusive. In particular, the preferred features
of the invent Uatesartbe aoplexd syt iodwatessthecvisephs uked iheveintglomal torthsmay be

used in any cgpRinahheher élhkeﬁ\é"tége écﬁ%ttﬂbreﬁsasd‘ﬁﬁ rgfﬁ\e %]n{j'l?l g&rﬁ?%a al

conbi nations nay be use separ at (not 1n co will be
appr eci dPed t Wee Vebsa: of the features descri bed above particularly of the
preferred enmbodinents, are inventive in their own right and not just as
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not intended to (and do not) exclude other components.

It will be appreciated that variations to the foregoing embodiments of the
invention can be made while still falling within the scope of the invention.
Each feature disclosed in this specification, unless stated otherwise, may
25 be replaced by alternative features serving the same, equivalent or similar
purpose. Thus, unless stated otherwise, each feature disclosed is one
example only of a generic series of equivalent or similar features.

All of the features disclosed in this specification may be combined in any
30 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
used in any combination. Likewise, features described in non-essential

combinations may be used separately (not in combination).
35



Compound 1 was prepared as described bel ow, and as schematically depicted
in Schene 1. 15 Si(iPr)3 5-1odo-2, 3-thiophenedi acetal (B) The sol ution
of the diwoebelo1eds32, 3-t hi ophenedi car boxal dehyde (34.24PgI/EP2@1005mn0l ) in
anhydrous THF (300 cnB) was cooled to -78 C and nBuLi (2.5Min hexanes, 62
cnB, 155.00 nmol) was added dropw se owe47 3030 minutes. The reaction

m xture was stirred at -78 C for 1.5 hours followed by the addition of

i odine (40.06 g, 157.50 mmol ) in one portion. The cooling bath was renoved
and the m xture was stirred at 20C for 15 hours. Saturated sodi um

t hi osul fate slolilt belapbﬁébiairds{)thmma'dda‘dheIfeaﬁ;yeﬁdl@bdrlb@drébﬁwe was stirred

20C for 30 i th
b i ne once. _ TAGHRES of W pE@RRehBYSmAIS, BIARAIRETR BRP IR 1 ¢ g,
and the corrbumxtinmjtuﬁt aﬁ@aétr@faﬁn embggément of thg presend inventioine sol uti on was
dried over Myggd éh&@nmef&ﬁorn%aq Uensd@cm@orttﬁ m%?ﬁ}éi res in.addition to or

5-i0do-2, 3-thi op ﬁenedl acetal as as an of f
white sdlid (@b?rgét'\ge a0y '”@'ﬂﬂr@"?ﬁiﬁ&ca 8 (ppm) = 4.0 (m 4H),
4.1 (m 4H), 5.96 (s, 1H, 6.29 (s, 1H, 724(s 1H)

5-io0do- 2, 3-t henedi C). To th tlrre sol u
5-i odo- 2, 3- tm%‘gﬁﬁ’ﬁé‘gf’ﬁ Fﬁ‘@ gg?‘éggﬁé 31§‘5m? ihby; § %[889? Ogl‘?d (100
cnB) was addef@llGW%@qumpﬂeIsOwhmfmledllluﬁthrﬂyan?ﬂhi!) netdhit the stogelole was
stirred at 2Gn& ko %ntporhour Water (200 cnB) was added slowy. The
precipitate was collected by suction filtration and then dissolved in warm
chl orof ¥ m before purification by flash chromatography (eluent: DCM to
yi el d 5-1 odo-Rxambld pphenedi car boxal dehyde as a yellow solid (29.56 g,
829 . 1H NMR 300 MHz): 8 15(ppm = 7.77 (s, 1H), 10.23 (s, 1H),
10.33 (s, 1H). 13C-NWR (CDCl 3, 75

Compound 1 was prepared as described below, and as schematically

depicted in Scheme 1.
15

20

5-1odo-2.3-thiophenediacetal (B)

25

The solution of the diacetal of 2,3-thiophenedicarboxaldehyde (34.24 g,
150.00 mmol) in anhydrous THF (300 cm3) was cooled to -78 °C and n-
BuLi (2.5M in hexanes, 62 cm®, 155.00 mmol) was added dropwise over
30 30 minutes. The reaction mixture was stirred at -78 °C for 1.5 hours
followed by the addition of iodine (40.06 g, 157.50 mmol) in one portion.
The cooling bath was removed and the mixture was stirred at 20 °C for 15
hours. Saturated sodium thiosulfate solution (50 cm®) was added slowly
and the mixture was stirred at 20°C for 30 minutes. The organic layer was
35 separated and washed with brine once. The aqueous layer was extracted
with diethyl ether (2 x 50 cms) and the combined with the organic layer.



MHz): 5 (ppm) = 86.3, 139.3, 144.3, 152.6, 181.1, 183.1.

2, 7-di i odo-ant hraf 2, 3-b: 7, 6-bi | di t hi ophene- 11, 12- qui none (D)

205- | odo-wp2etitgghenedi car boxal dehyde (20.00 g, 75.15 modEP2@nd0I512-

cycl ohexandi one (4.25 g, 37.12 mmol) were dissoved in M (industrti al

met hyl ated spirits) (600 cnB) by warm ngd&nd stirring, and then cooled to
20C with a water bath. 5% KOH solution (7.5 cnB) was added in one portion
under nitrogen with vigorous stirring. The reaction m xture was 25stirred
at 20 Cfor 30 minutes and the precipitate formed was collected by suction
filtration, ViEshedyanitsolutidn was dried over Mg&y theetanmeentaatbddnivedubriot he

brar th ophond e fofaiay %‘bd‘é%«}éq FyRIea i ARicH %L'%""?%qbag 2Bl ¢ o
the fol | owi ngvhé@eelid (&0 tm&ﬁk%)r UHENMIR (e Chi 360 Mirz): édppm)' .0 (m,

2, 8-10do-5, 11449y, h;yqzlr(,q,- aH} 15 lwes(st nH) s®pvqBVvi[), Iwi@(gnv]rpy)l ) ant hr adj t hi opt hene5
11 di ol El To the ice-water cool ed sol ution

trllsop opyl silyl acetyl ene (8.50 cnB, 3536.00 nnDI) i n anhydrous di oxane
(60 cnB) was Hitsthel2(B-Blibphdricdidarboxaeehpds (C114. 4 cnB, 36. 00 mmol ) dropw se
over 10 mnutes. The reaction -49 - mxture was stirred at- 20 C for an
additional 30 mnutes. 2,8-Diiodoanthral2, 3-b:7,6-bldithiophene-5, 11-di one
(5.15 g, 9. 00Tortmkiirredsohdivadfi niasive2 ethidphenadicetal (§®§ﬁeg]§i35n1 Was

stirred at 2QuGd; fn |chélﬂ<’i @@@mts Wésaédd@gc%j%rhy%ﬁfﬂ%hé %@ 2 hours

The rea?c]él on m xt was co ? an | ce-

added ahd th f@ﬁt}éﬁ"e or%‘fﬂ%?t'Pay'@P‘t%éN%seﬁHf% ate@ng fena h&ql[}eWaIﬁf ﬁﬁ@e was
extracted wi témé)l ww}abd@arswwwwh@rﬁiécupm@ W@é@bll&@e@b %@bﬁoﬁﬂlt#ﬂhbﬁn was

trated d t i f t h
Coltont - 1+1 TR FoRaliaids e dhigisoin By Oéﬁ'ﬁawc%tﬂ ) Biieshsol . “wh oh
was 10crystal threathtbg@mphydehusnéudCét)Heryidl@-51i060i2)3thiepHenédicatbioxe needl es

3.72 Th d dt
bur o oA and SRERLYS A3 yalbhy S0k A0S 8B MR e 0 MR T o e
was cryseal | |(<P@(Hn)f-r nf e, r1d7§uﬂr9@t3h(ér 180- 183 (> W)el cC-N\VIRc(@DQIy,sI%I s (1.34

9). The conbi geg)ys Pé&n?émm:S@Qn‘PMBr@QE‘StQSWS 188% Bot h 15i somer
products showed SI m 1 ar  NVR spectra and when aromati sed further on in the

synthesis route yielded identical pr oduct s. 1H NWR (CDCI 3, 300 MHz,
syn-isomer): 7t s, 1H), 8. 60 (s,
1H), 8.66 (s, 1H). 202,8-Bis(2-thienyl)-5, 11-di hydro-5, 11-
bi s(triisopropylsilylethvnyl)anthradithi ophene-5, 11-diol (F)

20 5-lodo-2,3-thiophenedicarboxaldehyde (20.00 g, 75.15 mmol) and 1,4-

cyclohexandione (4.25 g, 37.12 mmol) were dissoved in IMS (industrtial
methylated spirits) (600 cm3) by warming and stirring, and then cooled to
20°C with a water bath. 5% KOH solution (7.5 cm®) was added in one
portion under nitrogen with vigorous stirring. The reaction mixture was

25 stirred at 20 °C for 30 minutes and the precipitate formed was collected by
suction filtration, washed with IMS, water, IMS, then acetone, and dried in
the vacuum oven at 40 °C overnight to yield 2,8-diiodo-anthra[2,3-b:7,6-
b'ldithiophene-5,11-dione (18.39 g, 87%). The solid was directly used for
the following reactions without further purification.

30
2.8-lodo-5,11-dihydro-5,11-bis(triisopropylsilylethynylanthradithiophene-
5.11-diol (E1)

To the ice-water cooled solution of triisopropylsilylacetylene (8.50 cm®,
35 36.00 mmol) in anhydrous dioxane (60 cm®) was added n-BulLi (2.5Min
hexanes, 14.4 cm®, 36.00 mmol) dropwise over 10 minutes. The reaction



A solution of 2,8-io0do-5,11-di hydro-5, 11-bis(triisopropylsilylethynyl)-

ant hr adi t hi ophene-5, 11-diol (1.41 g, 1.50 mmol) and 2-(tributyl stannyl)- 25
t hi ophenewQ2083196834. 50 mmol ) i n anhydrous THF (40 cnB) Paagrldegasssezrl with
bubbling nitrogen for 20 m nutes. Pd(PPh3)3C 2 (105 ng, 0.15 mmol) was
added and the reaction m xture was stirr48-at 67 C for 7 hours. The

sol ution was concentrated in vacuo and the residue was purified by flash
chromat ography (eluent: 1:1DCM petrol eum ether 40-60) to yield both 30
fractions of

2, 8- bi s(t hi enyixjurg,wds diiiﬂnqdlathB leobiw(addiﬁimrl’:@pwmjtéyI2381r[§/iim;db)

ant hr adi t hi o d nyl)-5,11-
bi s(triisoprop I%T?yl et7?1B Ej??@ ?g‘%ﬂﬁ Pel (|5d153§ 9%0§nﬂLrﬁ8lzg)a§O| id due to
aromat i sati oraqydeaiuaéweomorﬁm and ma:Slsaneunéwr‘g\@as stmed at 20 °C for 0.5

3 ﬁ 3' 5(% tlg'rgﬂh‘é %ana thén at 60°C for an aﬁdmonal 2thr(§ur%I 1t'hhe reactlon mlx’tlulred I

i hydr i s(triiso S nt hy adi i 0

35f ractd on wa¥3% ‘i’?'ﬁfjé’i"ghaan ehlbﬁﬁT Wﬁ% éﬁﬁ’& X‘@S@A% gﬁ BRPS | t er ed
to yield an afrfanicilapgerswhs deplratéd and3hedaqubbiudlfRacENASextedledidth 8 (ppm

- 50 - = 1.07 cgit;_if}}ll g@'«%é&?cﬁag’he égpnbu?eaogrg%ﬂ% scﬁ'it%n Wa§ o%%ntzrg?efd in 43 (s,

1H), 8.51 (s,
8- Bi s(2-t hi enxap}:oarmlﬂm residues\wps puyified byl flashvahvormatagraphy kelopheriel (1) To

the sol ution gEa:petrol ether 40-60) to yield an off-whit
2,8-bis hlenl %eroegm tbyetralnlgowrcl)e oshldf%v/vlhclact as ant hradi t hi

ophene- 5/ 11- d'-i%$ta(“§eQ(§E?m @eﬁ@ Qﬁfﬁle}hﬁ’rréel‘lilﬁo(t%y'qw pltvii %Bﬁ@@l’eé( d2tion of

t It n(| Ié C[” grggdﬂ’h(soscﬂﬂaﬂas thdantimedmer nsroaucﬁmhe(&ué"ht)w@@@h{ahgemdture was
stirred a

t th |
Cen socmn) acire e e S st RrBYUE Wt bRt B Ve iow Solidr ot Ton
t hen washed wvhich mmaryetalhsnadyﬁreﬂncbeiramWemﬂrrﬂOem@ foyald yeltow ohjstals The

2. 8- bi sz thit 1154.8). DR kit K ROl B BB A ophene (1)

as a pe %gaﬁ&@@eéér%il—lfé‘éi SbPW@@é'ﬂ"l'@leﬁKﬂﬁ sae%toa 30<1g~1h6719arwoatlsgﬂr NVR
61355(9;:[)?53 1E§QUNH§ on$n(H@Qntﬁeéts?réu{éﬂ'le%%@ldeﬂhc]a@p('&@hcté"u-l NMRO (m 2H),
202, 8- Bi s( 2- t@ﬁ&?l@%@i bﬁvé‘('{sg%@{e)h@(epm el R, Pinradd (Wi dphene (2)
was prepared A54dssti), @60 its| 1y, 888l(sasiHychematical |y depicted in Schene 1.
30Si Et 3

2, 8|Iodo 5,11-di hydro-5, 11-bi s(triethyl sil vl et hvnyl)ant hradi t hi ophene-5, 11-
di ol (E29 2,8-Bis(2-thienyl)-5,11-dihydro-5.11-

bis(triisopropylsilylethynyl)anthradithiophene-5,11-diol (F)

A solution of 2,8-iodo-5,11-dihydro-5,11-bis(triisopropylsilylethynyl)-
anthradithiophene-5,11-diol (1.41 g, 1.50 mmol) and 2-(tributylstannyl)-

25 thiophene (1.68 g, 4.50 mmol) in anhydrous THF (40 cm®) was degassed
with bubbling nitrogen for 20 minutes. Pd(PPh3)3Cl, (105 mg, 0.15 mmol)
was added and the reaction mixture was stirred at 67 °C for 7 hours. The
solution was concentrated in vacuo and the residue was purified by flash
chromatography (eluent: 1:1DCM:petroleum ether 40-60 ) to yield both

30 fractions of 2,8-bis(thienyl)-5,11-dihydro-5,11-bis(triisopropylsilylethynyl)-
anthradithiophene-5,11-diol as a pale-red solid and 2,8-bis(thienyl)-5,11-
bis(triisopropylsilylethynyl)anthradithiophene (1) as dark red solid due to
aromatisation induced on the acidic silica gel. The 2,8-bis(2-thienyl)-5,11-
dihydro-5,11-bis(triisopropylsilylethynyl)anthradithiophene-5,11-diol

35 fraction was triturated with petroleum ether 40-60 and suction filtered to
yield an off-white solid (0.40 g, 31%). 'H-NMR (CDCls, 300 MHz): & (ppm)



352, 8-i0do-5, 11-di hydro-5, 11-bi s(trii sopropyl silylethynyl)anthradithi ophene

- 5,11-diol, the triethylsilyl anal ogue was synt hesi zed by treating

2, 8- i odo-wo-208101968ant hr adi t hi ophene-5, 11-di one (2.86 g, PETOP20mmONISING t h

triethylsilylacetylene (3.60 cn8, 20.00 mml) and n-BuLi (2.5Min hexanes,

8.0 cnB, 20.00 mml ) in anhydrous di oxars (40 cnB). The crude product was

purified by flash chromatography (eluent: 1:1 DCM petrol eum et her 40-60) 5

and recrystallisation frompetrol eum ether 80-100 to afford as

2, 8-10do5, 11-di hydro-5, 11-bi s(triethyl silylethynyl)anthradithi ophene-5, 11-d

|oI as rose- whﬂt&? (m,y%ﬂd) $3.19.(gHy, 728%dd, 1H),NVRY (CDRH], 73B0sMikd): 8 (ppm)
0.62 (m 6 grg5§@ )38(5 1H), 7.59 (s, 1H), 8.50 (m 2H).

102, 8- Bi s(2-t | e v1) 11-bi's(ttiethylsilylethynyl)anthradithiophene (2) A

sol ution of

2, 8-i 0do- 5, 11z dig

diol (118 g, 1. p g, 4.

i n anhydrous DMF (30 cnB) was degassed wi t h 15bubbl i ng nltrogen for 20

m nut es. Pd( PRh§)e3sbIRtion of 2g8- b(h(ttﬂlermk)aﬁﬂ1vmay<add@d13msi(tm|b@prro©gpt| on mxture

t d I ) t |
a1 10 S o WP B DU TR (TR0
filtration arWasadded %Q'ﬁtlmpﬁﬁﬂ(ﬂ) chinsigles(@l 2Q89N@592)mm®|i)ed1liyl-lﬁl ésh
i seorvi g s midart “agmr%tai?.bﬁgr’?ﬁ?@ﬁ%@ S pflipRUS
2, 8- bi st@ t hi BHHPEySHEMm esﬁe?’?{c cjtq?‘gﬂ)s"l"?%géfiﬁ‘?ﬁ?ﬂ)taﬁtsﬁf'ﬁmqsrﬁ%'ﬁﬁtﬁve (2) as
a dark purpl ebyrsgetivrcfiliegatidn tien webhéd WithS9ethandl 6 y leDdJaNHFkg GHSE 3, 300
7 b (s, Thy crysiung e T scliugfas eninisds foot fend pybndl 1 il b es
of both conpoyield 2, 8eisl 2ethrarolinl, 12- ble(rtmsbpmpy&dylethynyédnth]adﬁhtaghene
1Tt on” et 1 anacarbcog T Sind 4000 Bl S5 (PR
CC bon@ FOGC%Ise%Q@ MHz): §{BPGY 1h§5dﬁgl2é|‘1)s7405¢d AHo 708ﬂém i2¢1), 6. 13.

The pl anaritygeb (50} E§19 ©54s, fHegven better, with a torsion angle of only
1. 61 on both sides. le 3 35 - 52 -

Example 2

20 2,8-Bis(2-thienyl)-5,11-bis(triethylsilylethynyl)anthradithiophene (2) was
prepared as described below, and as schematically depicted in Scheme 1.

SiEt,
|
25 S S
N
| 4 a 2
VER P 78R (2)
30 SiEt3

2.8-lodo-5,11-dihydro-5.1 1—bis(triethvlsilylethvnyl)anthradithiobhene—5,1 1-
diol (E2)

35 2,8-iodo-5,11-dihydro-5,11-bis(triisopropylsilylethynyl)anthradithiophene-
5,11-diol, the triethylsilyl analogue was synthesized by treating 2,8-iodo-



di t hi ophene (3) was prepared as foll ows: Si(iPr)3

5-(2-Thienvl)-2, 3-thi ophenedi acetal (G A solution of

5-1i odo- 2,80t2hi2apesaedi acetal (17.71g, 50.00 mol) and 2PCT/EP2011/003512
15(tributyl stannyl)thi ophene (23.08 g, 60.00 muvl) in anhydous DVF (120
cnB) was degassed with bubbling nitrogerbfer 20 m nutes. Pd(11)(PPh3)2C 2
(1.76 g, 2.5 nmmol) was added and the reaction mxture was stirred at 80 C
for 15.5 hours. The solvent was renoved in vacuo and the resirdue was
purified by flash chromatogrpahy (eluent: 2:1 DCM petrol eum et her 2040-60,
t hen pure DCMnthradjthinphemerd ilhdieng 1288 ®-5.60 opheh adttettietlisiys a yel | ow oi |
(12 9, ?g%cﬁgshgwgocgﬁﬁ,azo.a@%@g%ng&ﬁmzsgnl/mﬂz%@bgﬂgbf 14
26 (dd. 5 '29-80mmpD ip snbydrdus diovang (4o, (e e productoums 11 - 5 1
Hz, J2 = 1.1 gtxifietHy Ii@sh Bhidmatography(eldermny- 1) DCNMBpéthblepheawdr a08@  (H
ol ) 1% annyaitbtreneieata foby bERelitetier Su Y s 2 dkbdnge.
3018. 00 cnB, 551abhydroty,1dropiliistbylsilylettgyhamthrafitmopharess, 1Thdiokad ut i on was
stirred at at_.; ; ltal ki . -

N- Fl uor obi S(Hﬁééé’&'ﬂ{??ﬁ%' gﬂﬂ?e&??go)hﬁﬁfmﬁ%&b%c%%? Mm%zs)'gé%@)i_n one
portion as a @&6Ri(m, &, OIS maai).ch3di(st Uie 7vads(ss flH) r 8804dm,-2H)C for 10

m nutes. The cooling bath was renoved and the reaction mxture was stirred

at 20 G for 20 35hours. The suspens on WA cooled with an ice-water bath
and sat (Y at ec2.8rBist4-tienyll-g, LlsRis{ethyisiy SYVAREQRIHOB AR 4oy t | onwi Se
under - 53 - stirring to yield a two-layer liquid m xture. The organic

Li%/regc\tl\gz \?VI _elto rs@[ﬁ&n%,%&@&%,Pﬂﬁﬁwymé—%,Wﬁ@ftriem}?siI@%‘[‘I’?}?nlil?)apnnwarg-e was

dithiophene-5,11-diol (1.18 g, 1.38 mmol) and 2-tributylstannylthiophene
(1.53 g, 4.10 mmol) in anhydrous DMF (30 cm>) was degassed with

15 bubbling nitrogen for 20 minutes. Pd(PPh3)sCl, (97 mg, 0.14 mmol) was
added and the reaction mixture was stirred at 75 °C for 17 hours. The
DMF was removed in vacuo. Methanol (40 cm®) was added and the
precipitate solid was collected by suction filtration and washed with
methanol. The solid was purified by flash chromatography (eluent: 1:1

20 DCM:petroleum ether 40-60) followed by dissolving in chloroform and
precipitating into IMS to yield 2,8-bis(2-thienyl)-5,11-
bis(triethyisilylethynyl)anthradithiophene (2) as a dark purple micro-
crystalline solid (0.59 g, 57%). 'H-NMR (CDCl3, 300 MHz): 6 (ppm) = 0.95
(m, 6H), 1.27 (m, 9H), 7.09 (m, 1H), 7.37 (m, 2H), 7.46 (s, 1H), 8.91 (d,

25 1H), 8.98 (d, 1H).

The single crystal structures of both compound 1 and compound 2 were
been determined by X-ray diffraction. The thienyl-extended ADT cores in
both molecules remain essentially planar with small torsion angles along

30 the 2,2-bithiophene C-C bonds. For molecule 1, one of the angle is 4.57°
and other is -6.13°. The planarity of molecule 2 is even better, with a
torsion angle of only £1.61° on both sides.

Example 3
35

2,8-Bis(5-fluoro-2-thienyl)-5,11-bis(triisopropylsilylethynyl)anthra-



acetate (2 x 50 cnB). The conbi ned organic solution was dried over
magnesi um sul phate and then concentrated in vacua to yield crude 5-(5-
5f | uor o- 2wOlDeEvNHe83 2, 3-t hi ophenedi acetal (13.1 g, 91% , pamiErRonasssused

wi t hout further purification.

5- (5- Fl uor o- 2-t hi envl) - 2, 3-t hi ophenedi céddexal dehvde (1) 10To a stirred
solution of 5-(5-fluoro-2-thienyl)-2,3-thiophenedi acetal (3.50 g, 10.00
mol ) in acetic acid (30 cnB) was added 35% HCI (1.5 cnB) dropw se. The
reaction mxture was stirred at 20 C for 1 hour. Water (50 cnB) was added
sl owl y. The plithiophens S)aseiErRaed @sifolewsd by suction filtration before
purification by flash chromatography (eluent: DCM and 15recrystallisation
from chl orof orm cycl ohexane to yiel ddgS-fl uoro-2-

t hi eny1) - 2, 3-t hi ophenedi car boxal dehyde a$® green-yel l ow crystals (1.49 g,
62% . 1H NMR (CDCl 3, 300 MHz): 8 (pp = 6.51 (dd, J1 =4.0 Hz, J2 = 1.7
Hz, 1H)g 7.01 (t, J =4.0 Hz, 1H), 1H) 10.31 (s, 1H), 10.41 (s,

: % NVR (CDCl 3,FZ5 §Hz) : 109. 26, 123.58, 123.63,
20124. 28, 144.27, 144. ( 3)
288|s(5fluor02th| 3\ 4 'fpne(JS
5-(5-Fl uoro-2-thienyl)-2, 3- th|opheneolcarboxaldehyde (1.22 g, 5.00 mmol)
25and 1, 4-cycl ohexanedi one (0.29 g, 2|50 mmvl) were dissolved in I M5 (100
cnB) with heating. A solution of 5%K (0.5 cnB) was added in one portion.
The reafgl on mxture was vigorously ifiPmed under nitrogen and the
suspension forned was stirred for 2 mnutes at 20 C and then at 78 C for 20
m nutes. The heating was stopped and the reaction m xture was 30cool ed back

to 20 C. The @r(f@i*hpéﬁ;gliﬁ3"‘@1%%%%‘3?5%@’@3&25““' on filtration, washed with

I M5, and dri rnight to yield

2, 8-bi s(5-fluoro-2-thienyl)-anthradithi ophene-5, 11-di one as a brown-yel | ow
solid (1.07 ga s8RMon of 5-iodo-2 3-th|ophened|acetal (17.71g, 50.00 mm ; 2-

352, 8- Bj (5f yor.o- t hi envl ri ro szvIeth 1
ant hr ad# hi opt % I)ﬁwlga%enqﬁ% Hg bptﬁqsﬂﬁnﬁ%mwdous gwﬁ(: 120
tri |)sopr opyl serh Iwzedggasmc( wjtmaambiﬂng&n&ﬂgemidr)zolm;rmlréwd?d(u;(pmrg)& (30
cnB) at 0 C anes 00 ¢ 5. 00
nmol ) over V\ﬁ%@gt ggj '%Ir%g%g |°§#Lérﬁ x&' rg%}&@ng‘g FT yfi’sas[t'"f@@
addi ti onal 30°Gifafut%es hoprs-Thessgventuwas removed iyvacuo and the resirdue
ant hradithio i ortion
and the eac!to\lngﬁ Hqﬁf(l%%;og fiken dé‘@%l?%éc%bggéh??elggmm n%@?:l\ﬂ%@ﬁ% %en%gt??rfr ed at
65C f or28 houf#@&6 TH@WM& MHP)WQW@ Hathiemphr2 3ttbiprhenediacatrliasianal 5
mnutes and tysiowsbil (14202 g, 989 )C' HNMRYGDOL S30\MHE): § gbhine 4.62 (m,

4H), 4.14 (m, 4H), 6.01 (s, 1H), 6.34 (s, 1H), 7.00 (dd, J; = 5.1 Hz, J, = 3.7

Hz, 1H), 7.16 (dd, J1 = 3.7 Hz, J2 = 1.1 Hz, 1H), 7.17 (s, 1H), 7.21 (dd, J; =

5.1 Hz, J, = 1.1 Hz, 1H).

25
5-(5-Fluoro-2-thienyl)-2 3-thiophenediacetal (H)

To a stirred solution of 5-(2-thienyl)-2,3-thiophenediacetal (12.58g, 40
mmol) in anhydrous THF (150 cm®) was added n-BuLi (2.5 M in hexanes,

30 18.00 cm®, 45.00 mmol) dropwise at -78°C over 20 minutes. The solution
was stirred at at -78°C for an additional 1.5 hours. N-Fluorobis(phenyl-
sulfonyl)amine (15.14 g, 48.00 mmol) was added in one portion as a solid
and the reaction mixture was stirred at -78°C for 10 minutes. The cooling
bath was removed and the reaction mixture was stirred at 20 °C for 20

35 hours. The suspension was cooled with an ice-water bath and saturated
ammonium chloride solution (100 cm3) was added portionwise under



1020C, tin(ll) chloride (0.38 g, 2.00 mmol) in 2N HCL (6 cnB) was added.
The suspension fornmed was stirred at 20C for 30 mnutes foll owed by the
addi ti on wb 20e2thegsel (50 cnB). The precipitate was col | @cra®2dy/0835¢2 i on
filtration before purification by flash chromatography (eluent: 1:1

chl or of orm petrol eum et her 40-60) to 2-&%3+s(5-fluoro-2-thienyl)-5,11-

15bi s(triisopropylsilylethynyl)anthradithi ophene (3) as_a purple-red solid
(0.36 g, 42% .1H NWR (CDC13, 300 MHz): 8 (ppm) = 1.35 (m 21H), 6.48 (dd,
J1 =4.0 H, J2 = 1.8 Hz, 1H), 6.99 (t, J = 3.8 Hz, 1H), 7.30 (s, 1H), 8.98
(s, 1H), 9. 0%tifring ta-yieldobtwarpyer quui mixture. The organic layer was separated
ﬁeﬁeB'( Z§ 3, mgsdapidegggg@@%ﬂx pifh Whtd! ?ﬁérd u%aegwgéwa/é EXPACIEY WA Shgpli thi op
2, 8- Bi s( 3, 5- Aoetts @phad¢m )5T'1q39 OQamcmlgtl@m wasafieshoveri | yl et hynvi)
- anthr adlthlrﬁa ﬁé‘@!uﬁxéulﬁh@ie and tHen corﬁcemtpa'tédm@écuo to yield crude 5-(5-

2, 8- |o drh triis n t hr adi t hi ophene-5,
11-di oI (1 331'%0%(1&%6 134') r%‘g #%i??%ﬂg wbg Jéi.%h'a |V£P$(BSG%§ g, 4.50
mmol ) and Pd(WRRA)t4utBér mmfcmtmaG mml ) in anhydrous THE (40 cnB) was
degassed with bubbling nitrogen through for 520 m nutes. Sodi um carbonate
solution (2.0 M 5 crrB was added and the m xture was stirred at 70 C for
17 hours. Thed Iy ey it2i hthiephs arbpxaldehyadgil) was added to the
residue and the preci pltate was collected by suction filtration. The crude
solid di ssolved in hIoro urified by flash chromatograph

(el uen\t,\%DCME‘P aés,glp)edt t}ql%qa g(gfﬁoro% threny?) 23yth|ophened|acetal (3%0 gp, Y

10bi s( 3, 5- di f{a100 opimel)h acktid kit (Bodem? )SMééabdédBIS% Hmr(msyérﬁ?)l yl et hynyl)

AR S 0 OB e B R L 2y 10 b by

4.26 (s, 0.50; )wlassad(isd stovgHJ he @rétﬂpl(ate formedHasdBiécted, bysidtlon 6. 84 (t,

855235;")0 7.26 fﬂf?ﬁt@n Egﬁ)r% p'd?lﬁgéﬂ;% 'ﬂggh Q:ﬂro atﬁg?a@{?eluérﬁb DC?VI)Bgné S
2, 8- B si ' 5- dﬁpmﬁé@‘biﬁ{ |r9m5:hiqr fé"(‘FV?'PB@’ﬁ)?Qﬁ)Sﬂ wield/5-68-Huagop-
ant hr adi t hi Opﬂﬁ@gll (ZlB-th»ophenedlcarboxaldeh de as reen-yellow crystals (1.49.

2 anthr ot cionhIR b “ob Wil e n#n‘%’ﬁ?cffeééﬂaﬁﬁ@a%é% Trie (28

1)- anthradit
cnB) and a soHmtild)) 7001 (t d(=14.0 Kb| th), ded§ (s, 4%)g10310@, nHipl )0.4 (3, ﬁHb HCl (8

for’ a5 1 nut o5 WDFREH Zg%ﬁ%"%m@?ﬁﬁh%i‘ﬁé LR PRt 2esdas © 0 ©

124.28, 144 27, 4449 145.73, 181.88, 184.31.

2.8-Bis(5-fluoro-2-thienyl)-anthradithiophene-5.11-dione (J)

5-(5-Fluoro-2-thienyl)-2,3-thiophenedicarboxaldehyde (1.22 g, 5.00 mmol)

25 and 1,4-cyclohexanedione (0.29 g, 2.50 mmol) were dissolved in IMS (100
cm®) with heating. A solution of 5% KOH (0.5 cm®) was added in one
portion. The reaction mixture was vigorously stirred under nitrogen and the
suspension formed was stirred for 2 minutes at 20 °C and then at 78 °C
for 20 minutes. The heating was stopped and the reaction mixture was

30 cooled back to 20 °C. The precipitate was collected by suction filtration,
washed with IMS, and dried in a vacuum oven at 40°C overnight to yield
2,8-bis(5-fluoro-2-thienyl)-anthradithiophene-5,11-dione as a brown-yellow
solid (1.07 g, 82%).

35 2,8-Bis(5-fluoro-2-thienyl)-5.11-bis(triisopropylsilylethynyl)--
anthradithiophene (3)




25col l ected by suction filtration. The crude solid was recrystallised from
a mxture THF and 2-butanone to yield 2,8-bis(3,5-difluorophenyl)-5,11-

bi s(triiswpnropyligisByl et hynyl ) ant hr adi t hi ophene (4) as peRCpiEP201@m0itat ry
crystals (0.77 g, 949 . 1H NWR (CDCl 3, 328K, 300 MHz): 8 (ppm) = 1.38 (m
21H), 6.83 (m 1H), 7.31 (d, J = 6.3 Hz,5@H), 7.63 (s, 1H, 9.12 (s, 1H),
309.15 (s, 1H). Exanple 5: Transistor Fabrication and Measurenent

Top-gate thin-filmorganic field-effect transistors (OFETs) were fabricated
350n gl ass substrates with photolithographically defined Au source-drain

el ectrodes. A 0.5 wt. %solution of a 1:1 blend of the conpound and a - 56

- polytri ary'?&‘}Hée?\élﬁT&%{ m@ﬁﬁéeﬁrBﬁg%ﬁ;ﬂgcﬁg%E ﬁ%?ﬁ@”@{)biﬁ m""as
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coﬁ;“rgl aﬁ?@datﬂ%@&f@eﬂq ggﬂ@'ﬁﬁ?@#é ﬁ?gﬁgfgggﬁﬁﬂg fo- gﬁu eb carrier

mobi lity | n tdreheatithicpHeme-5 ddidioné I(0.52tg, MO8 nerabl wast agiddin d.sﬂie conpound
dth | 1S, T f.f bilit

ol cul at eq- | PG SnpRE TR hadRryGs Soplials i AimiEleSahaTenn (1) '

(sat = WC , istimeg at @) Cafor® h@VSgTbe(ragctm mhdure Was sonicatechfomasl wi dt h, L

the channel |genffidhal® mﬁrhﬁe%ﬂé%éﬁ@ﬁﬁe@fat '8'03"4;' 1%9'1@%6%%&&’806”?\% gate

vol t age, Vo the, turn on vQ -tsat is gg carrier “nobility

in the &t ur 249 &n H¥H ﬁ%'o”‘#ﬁ?a 3(§r9 \%pQMQOt)\V@)?N/\HQLdét%F nividgiagded-he onset
of source-dr afie susgetision fimed was stirred at 20 °C for 30 minutes followed by the

addition of methanol (50 cm3). The precipitate was collected by suction
filtration before purification by flash chromatography (eluent: 1:1
chloroform:petroleum ether 40-60) to 2,8-bis(5-fluoro-2-thienyl)-5,11-

15 bis(triisopropylsilylethynyl)anthradithiophene (3) as_a purple-red solid (0.36
g, 42%). 'H-NMR (CDCls, 300 MHz): & (ppm) = 1.35 (m, 21H), 6.48 (dd, J,
=4.0 Hz, J2 = 1.8 Hz, 1H), 6.99 (t, J = 3.8 Hz, 1H), 7.30 (s, 1H), 898(s
1H), 9.05 (s, 1H).

20 Example 4

2,8-Bis(3,5-difluorophenyi)-5,11-bis(triisopropylsilylethynyl)anthra-
dithiophene (4) was prepared as follows:

25

30

2.8-Bis(3,5-difluorophenyl)-5,11-dihydro-511-bis(triisopropylsilylethyny})-
35 anthradithiophene-5,1-diol




Table 1: Mbilties (Rsat) for conpounds (1)-(4) in top-gate OFETs Conpound
Mobility (1-1.sat) I CMRNS (1) 0.1 (2) 0.02 (3) 0.006 (4) 0.26 - 57 -
Pat ent Cworsi201@sapounds of formula | 10 wherein PCT/EP2011/00350ne of Y1
and Y2 is -CH= or =CH and the other is -X-, 15one of Y3 and Y4 is -CH= or
=CH and the other is -X-, -55-

A mixture of 2,8-iodo-5,11-dihydro-5,11-bis(triisopropylsilylethynyi)-
anthradithiophene-5,11-diol (1.34 g, 1.43 mmol), 3,5-difluorophenylboronic
acid (0.71 g, 4.50 mmol) and Pd(PPhs), (99 mg, 0.086 mmol) in
anhydrous THF (40 cm®) was degassed with bubbling nitrogen through for

5 20 minutes. Sodium carbonate solution (2.0 M, 5 cm3) was added and the
mixture was stirred at 70 °C for 17 hours. The THF was removed in vacuo.
Water (50 cm®) was added to the residue and the precipitate was
collected by suction filtration. The crude solid was dissolved in chloroform
and purified by flash chromatography (eluent: DCM eluent) to yield 2,8-

10 bis(3,5-difluorophenyl)-5,11-dihydro-5,11-bis(triisopropylsilylethynyl)-
anthradithiophene-5,1-diol as an off-white solid (0.85 g, 66%). 'H-NMR
(CDCls, 300 MHz): 6 (ppm) = 0.86 (m, 3H), 1.28 (m, 18H), 4.15 (s, 0.25H),
4.26 (s, 0.50H), 4.37 (s, 0.25H), 6.78 (t, 0.25H), 6.81 (t, 0.5H), 6.84 (t,
0.25H), 7.26 (d, J = 2.2 Hz, 1H), 7.28 (d, J = 2.2 Hz, 1H), 7.56 (s, 1H),

15 8.70 (d, J = 1.5 Hz, 1H), 8.77 (d, J = 1.5 Hz, 1H).

2.8-Bis(3,5-difluorophenyl)-5,11-bis(triisopropylsilylethynyl)-
anthradithiophene (4)

20 2,8-bis(3,5-difluorophenyl)-5,11-dihydro-5,11-bis(triisopropylsilylethynyl)-
anthradithiophene-5,1-diol (0.85 g, 0.94 mmof) was dissolved in THF (20
cm®) and a solution of tin(ll) chloride (0.45 g, 2.00 mmol) in 2.5N HCI (8
cm3) was added under stirring. The resultant suspension was stirred at 20
°C for 45 minutes. Methanof (50 cm3) was added and the precipitate was

25 collected by suction filtration. The crude solid was recrystallised from a
mixture THF and 2-butanone to yield 2,8-bis(3,5-difluorophenyl)-5,11-
bis(triisopropylsilylethynyl)anthradithiophene (4) as purple-red hairy
crystals (0.77 g, 94%). 'H-NMR (CDCls, 328K, 300 MHz): & (ppm) = 1.38
(m, 21H), 6.83 (m, 1H), 7.31 (d, J = 6.3 Hz, 2H), 7.63 (s, 1H), 9.12 (s, 1H),

30 9.15 (s, 1H).

Example 5: Transistor Fabrication and Measurement

Top-gate thin-film organic field-effect transistors (OFETs) were fabricated
35 on glass substrates with photolithographically defined Au source-drain
electrodes. A 0.5 wt. % solution of a 1:1 blend of the compound and a



Xis -0-, -S-, -Se- or -NR-, 20 25 R1 and R2 independently of each other
denote strai ght chain, branched or cyclic alkyl with 1 to 20 C atons, which
i S unsubswoOtot2ed9ess substituted by one or nore groups LpPCarpehmnoisin one or
nore non-adj acent CH2 groups are optionally replaced, in each case

i ndependently from one another, by -0-,-5&-, -NR, -siRoRoo_, _cyo=cyoo..
or -CL-- -C in such a manner that 0 and/or S atons are not linked directly
to one another, or denote aryl or heteroaryl with 4 to 20 ring atons which
is unsubstituted or substituted by one or nore groups L, 30Arl and Ar2

i ndependent | ypalytrieadaminen 67 TABKbinsles iy bribe-dicfteiobenzened eDGBY wag0 ring
atoms, which gy cBBEéd)Gﬂo'pYNék'tbéﬂUB#Hp%‘Fyn%(r @I@%cﬂfc %i&léﬁ(@ﬁ'ﬁ@) \';-2\185 - 58 - or

gerrryl optio aII susMui: ar et eroar
atoms, strai gﬁﬁln'@ﬁétw OR{ORN &Y 'Vo%/ pE?@Mh@gé@W@Pa Ya‘l’%f&@gﬂ Pkyl or

thioal kyl wi tdledtréde #s depdsitedbliie lelé@ndeﬂ chapd ez MonCor the trnsidist i tut ed
or substituted wth one_or nd strai ght

. F .
chai n, brancH&Y'6S W9§|035”%‘{’T§Qﬁ§‘| ?’%E{I%ﬁma mé’lsEb?r(?a‘r'% fBMpaH ®oxycar bonyl ,
al kyl car bony| ecpntralied sAdiexy ¢4 666nSemiconduttor Param2ter Analfserallharget o 12 C

at oms whi ch 'c,sarHQFHB%til’t%Hﬂ'% Qétu P%ltﬂetg%ggpsat)g/@soéﬁct%te]coﬁ?rtﬁe F or

atons or rou g acer dJgroup or a
singl e bond qcsnp@lsndmandg ﬂrewlme@umm@péadwh pbleot b@bzvh Fieldeeffattnot e H

or alkyl wi thndbiiify wls Cafifded iR®he saturation regime (V4 > (V4-Vo)) using
10 equation (1):

ar;™ WC, ..
= v, -V,
( dVg ] L /’t ( g O)

g (1)

15
where W is the channel width, L the channel length, C; the capacitance of

insulating layer, Vg the gate voltage, V; the turn-on voltage, and ps is the
charge carrier mobility in the saturation regime. Turn-on voltage (Vo) was
determined as the onset of source-drain current.

20
Table 1: Mobilties (usat) for compounds (1)-(4) in top-gate OFETs

Compound | Mobility (usat) / cm°Vs
(1) 0.1

25 (2) 0.02

(3) 0.006

(4) 0.26

30

35



Y and Y independently of each other denote H F, O or CN, is 1 or 2, 25is
1 or 2. 2. Conpounds according to claim1, characterized in that RL and R2
denote - GEORB12/b@SBein R3 is an optionally substituted ®CTEP2@n/003s1ny |
group, or an aryl or heteroaryl group with 1 to 20 ring atons 30which is
unsubstituted or substituted by one or -nf%fe groups L as defined in claiml.
3. Conpounds according to claim 2, characterized in that R3 is sel ected of
formula |l 35 -ARR'R"' Il - 59 - wherein Als Si or Ge, preferably Si, and
R, R, R' are identical or different groups selected fromthe group
consisting of H, a straight-chain, PBatemt@kios cyclic al kyl or al koxy group
having 1 to 20 C atons, a straight-chain, branched or cyclic al kenyl group
having 2 to 2 t chaln branched or cyclic al kynyl
group havi ng éégg%un%gq#?gﬁﬁUI?alght chaln branched or cyclic

al kyl car bonyl group having 2 to 20 C atons, an aryl or heteroaryl group
havi ng to 20 ring atons, an aryhllkyl or het er oaryl al kyl ygroup having 4
to 20 rYng atons, an aryl-xy Sor| heterogryl oxy group having 4 to 20 ring
atoms, or an arylal kyl oy el e kyioxy group having 4 to 20 ring
atoms, wherein allp heg 2optionally substituted
with one or nore group of "t he nmeanings given for L in
claiml1, which is different and gernyl group. 4. Conpounds
according to one or nore of clairg , Characterized in that Arl and
Ar2 are éelected fromthe group consisting of furan, 25thiophene,

sel enopﬂl N-pyrrole, pyrimdine, thiazole, thi adl azol e,
wherein

one of Y' and Y2 is -CH= or =CH- and the other is -X-,

15 one of Y? and Y* is -CH= or =CH- and the other is -X-,

X is -O-, -S-, -Se- or -NR’-,

R'and R> independently of each other denote straight chain,

20 branched or cyclic alkyl with 1 to 20 C-atoms, which is
unsubstituted or substituted by one or more groups L,
and wherein one or more non-adjacent CH, groups are
optionally replaced, in each case independently from
one another, by -O-, -S-, -NR’-, -SiR’?RY-, -CY’=CY®-

25 _ or -C=C- in such a manner that O and/or S atoms are
not linked directly to one another, or denote ary! or
heteroaryl with 4 to 20 ring atoms which is
unsubstituted or substituted by one or more groups L,

30 Ar' and A? independently of each other denote aryl or heteroaryl
with 4 to 20 ring atoms, which are optionally substituted
by one or more groups L,

L is selected from P-Sp-, F, Cl, Br, I, -OH, -CN, -NO, , -
35 NCO, -NCS, -OCN, -SCN, -C(=0)NR°R?, -C(=0)X?, -
C(=O)R’, -NR°R®, C(=0)OH, optionally substituted silyl



oxazol e, oxadi azol e, selenazole, bi-, tri- or tetracyclic groups containing
one or nore of the aforenentioned rings and optionally containing one or
nore benzwoeorymgs3 wherein the individual rings are comroemred 109353t ngl e
bonds or fused with each other, thieno[3,2- 30b]thiophene,
di thieno[ 3, 2-b: 2", 3" -c]thiophene, sel endgdeno[ 3, 2- b]sel enophene-2, 5-diyl,
sel enopheno[ 2, 3- b] sel enophene- 2, 5-di yl,
sel enophenol 3, 2- b] t hi ophene- 2, 5-di yl, sel enopheno[ 2, 3-b] t hi ophene2, 5-di yl
benzo[ 1, 2- b: 4, 5- bl di t hi ophene-2, 6-diyl, 2,2-dithiophene, 2,2-
di sel enophene, dit hi eno[ 3, 2ongem\yd' optiosially sebstjtbteadi giy| orheteroaryl
35cycl opent a[ 2, 1-b: 3, 4- bl di

ycl opent a[ Mm@'aqa 207y Htoths, s@ram[ég%w BBRERE

benzo[ b] sel enophene, benzooxaz enzose?enazole
wherein all the aforementi df¥HC@ 'Wup%lk%)’eoﬁﬁéﬁﬁb@r thipadigyl with t20i t ut ed

with one or nore groups L aﬁreﬂérbbweﬁtd mna atdﬂhélwhfcﬁn iCQUROBBftster6er ding to
one or $Tore of clains 1 to 4 ?pz% rized int ég?tyéare 6ﬂectedfrom
the fol?owi ng formul ae Si R $HSHtUEd With qae or pose &

groups, and straight chain, branched or cyclic alkenyl,

alkynyl, alkylcarbonyl, alkoxycarbonyl, alkylcarbonyloxy

or alkoxycarbonyloxy with 2 to 20, preferably 2to 12 C

atoms which is unsubstituted or substituted with one or

10 more F or Cl atoms or OH groups,
P is a polymerisable group,
Sp is a spacer group or a single bond,
15
x° is halogen,

R%and R® independently of each other denote H or alkyl with 1 to

20 C-atoms,
20
Y% and Y® independently of each other denote H, F, Cl or CN,
m is 1or2,
25 n is 1or2.

2. Compounds according to claim 1, characterized in that R' and R?
denote -C=C-R®, wherein R® is an optionally substituted silyl or
germyl group, or an aryl or heteroaryl group with 1 to 20 ring atoms

30 which is unsubstituted or substituted by one or more groups L as
defined in claim 1.

3. Compounds according to claim 2, characterized in that R® is selected
of formula Il

35
-AR'R"R" It



SSRR'R wherein R, R'" and R' are as defined in claim3. 6. Fornulation
conprising one or nore conpounds according to one or nore of clains 1 to 5
and one owormraiessgani ¢ sol vents. 7. Organi ¢ sen conducPCmEprbanmodsat i on
conprising one or nmore conpounds according to one or nore of clains 1 to 5,
one or nore organic binders or precurse®9 thereof, having a pernmittivity at
1,000 Hz of 3.3 or less, and optionally one or nore solvents. 8. Use of
conmpounds and formul ati ons accordi ng according to one or - 61 - nore of
claims 1 to 7 as charge transport, sem conducting, electrically conducting,
phot oconducting or light emtting material in an optical, electrooptical,
el ectroni c, el ectyrdrgii nescent or photol um nescent conponents or devi ces.
9. Charge transport, sem conducting, electrically conducting,

phot oconducting or light emtting material or conponent conprising one or
nmor e conpounds orA f or nul a$ iSors Ge; poeferatyy 1S5, ame or nore of claims 1 to 7.
10 10. 5QJti cal, electrooptical, electronic, electrolumnescent or

phot ol um nescent conponent or devi ce conpri sing one or nore conpounds,
formul ations, matRr RalRB" @reddeniingdat difeceriratpups selestas iemrtbegrotipcl ai s 1

to 9. 15 11. Conponent orc&l@wuﬁ@ cﬁwoggsréighfehﬁhabr@n%heafb?rcge%@éwﬁd in

that it is selected fromth nsi s organi c ect

transi stors (OFET), thin quq REPStang ﬁ‘P:?p ?Fﬁ’@@r%ﬁéﬁ'gm EBas (10,
|l ogic circuits, capaci tor‘nﬂ'ancmtl or &vﬁ@@k@wl gd&m hévmgtz od RFétB}nst ags

fgnt oL n§°?‘r’22§f‘éforas£t?%ﬁh%ha'ﬁr ETRBREIc GrEli Ay ighewb hatird
di spl ays, organi c phot ovdbt24 G alewiscastra@ichasylbaancredd er, cyczkser di odes,
phot oconduct ors, phot Odetﬁgﬂleé@gnﬁll g&hbg@‘vﬂ{ gq@abléaﬂﬁl\{é Cﬁ?a

Y

el ect r ophot ogr aph| C recor ni ¢ nmenor "sensor
devi ces, charge injectiolgt @L'Sf@r")él QT@Hﬁﬁ@é'ﬁQr t%%@mg@tms»saararwﬁtm bayers in

F%Pég; light emtting dlr@i@maéﬁbﬁ ro@rmg?mb@@%smﬁé 'd?\gar‘}ld?&

Schot t ky di od t t
el ectro @tg (r)renb)r/anleg (eISDIQ{'/pIq"e{il (9:?:53?] ?ﬁb"‘éﬂfﬁ%‘f'?%gég @B’b@ﬁgmﬁg‘” te?ﬁg
30el ectrode material s i n drglaligioxyser ldtegrarpatkyloxyeyreup hiaokgns ¢ 20 rthChl ps,
security markings, Secur'étgm@DWK%?é;n ﬁQQS%?%%Ef’RIo%eB 88%%? for

detecting and discrimnatin od of
preparing a conpound accmfmonglly §Ub$iﬁutﬁd with enefor eheriengro8ps L, @],
conpri si ng:

20 L has one of the meanings given for L in claim 1, which is

different from a silyl and germyl group.

4. Compounds according to one or more of claims 1 to 3, characterized

in that Ar' and Ar® are selected from the group consisting of furan,

25 thiophene, selenophene, N-pyrrole, pyrimidine, thiazole, thiadiazole,
oxazole, oxadiazole, selenazole, bi-, tri- or tetracyclic groups
containing one or more of the aforementioned rings and optionally
containing one or more benzene rings, wherein the individual rings
are connected by single bonds or fused with each other, thieno[3,2-

30 blthiophene, dithieno[3,2-b:2’,3-d]thiophene, selenopheno[3,2-
blselenophene-2,5-diyl, selenopheno[2,3-b]selenophene-2,5-diyl,
selenopheno(3,2-blthiophene-2,5-diyl, selenopheno[2,3-bjthiophene-
2,5-diyl, benzo[1,2-b:4,5-b']dithiophene-2,6-diyl, 2,2-dithiophene, 2,2-
diselenophene, dithieno[3,2-b:2’,3’-d]silole-5,5-diyl, 4H-

35 cyclopenta(2,1-b:3,4-b’'ldithiophene-2,6-diyl, benzo[b]thiophene,
benzo[b]selenophene, benzooxazole, benzothiazole,



WO 2012/ 019683PCT/ EP2011/ 003512 - 62 - a) 2, 3-Thi ophenedi car boxal dehyde
di acetal is halogenated by lithiation with alkyllithium LDA or another
l'i thiati owmoremganmds3 and then reacted with a hal ogenati orCag®ntitiopgshizudi ng
but not limted to N-chlorosuccinimde, carbon tetrachl oride,

N- br omosucci ni m de, carbon tetrabrom de,6(0N-i odosucci ni m de, iodi nechl oride
or elenental iodine, to afford the 5-hal ogenated

2, 3-t hi ophenedi car boxal dehyde di acetal. b) The hal ogenated di acetal is
deprotected under acidic conditions to 10 the correspondi ng di al dehyde,
whi ch is then corkrnzoselenazele, vheseircali the afokementionesigioups are

1, 4-cycl ohexadi o e i ! ANGeMHEER Lo
yield the quinongﬁg?&?ﬁgﬂg?ﬁgf%g%ﬂggggqgggﬁﬁﬁgiHrg%ﬁgggﬁg%S c@ The
qui none of the diHadenat ed acenodit hi ophene is treated with
silylethynyllithium followed by a hydrolysis, for exanple with diluted

NCl, togyield the.dihal t digl internediagte.. d teroaryl . gr,oups
are int?oduced i nC?W@%Hﬁﬁ§%§§ﬂcgﬁggo 8P8I°ri'ﬂ?r§rﬁe‘§?'mse% £y c?%%@P{%l?%Pi ng it
wi t h a corr espondnrthatineyrarersgleced droomtiee fodiodjngforondae est er, st annane,
zink halide or magnesium halide, in the presence of a nickel or palladium
conplex as catalyst, to yield the Ffﬁggparyl ext ended di ol . e) The
het eroaryl extended did | is aromatis usi ng a reduci ng agent 25under
acidic conditions to afford the tirninally substituted heteroaryl
acenodiiﬂiophene. f) Mternatively to steps b)-e), the

5- hal ogenat ed 2, 3- tgiopheneo'car\ al dehyde di acetal obtained by step a)
is reacted in a Cr g8s coupl i Z ¢orrespondi ng het g oaryl
boroni c acid, boronig est'gr annane, -zipk hglFde or nmagnesium halide, in
the presence of a nickel or palladliumconplex as catalyst. The resulting
product is deprotected and condenred with a cyclic 1,4-di ketone as
described in step b), followed by{treatment with silylethynyllithium and
hydroly?és as described in step cgipgijglthe resulting heteroaryl extended
diol is'dromati sed as described in step e).

Si RI R" Rlll

20 12
SiRIR"Rl"
25
wherein R', R" and R" are as defined in claim 3.
6. Formulation comprising one or more compounds according to one or
more of claims 1 to § and one or more organic solvents.
30
7. Organic semiconducting formulation comprising one or more
compounds according to one or more of claims 1 to 5, one or more
organic binders or precursors thereof, having a permittivity ¢ at
1,000 Hz of 3.3 or less, and optionally one or more solvents.
35

8.  Use of compounds and formulations according according to one or
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more of claims 1 to 7 as charge transport, semiconducting,
electrically conducting, photoconducting or light emitting material in
an optical, electrooptical, electronic, electroluminescent or
photoluminescent components or devices.

Charge transport, semiconducting, electrically conducting,
photoconducting or light emitting material or component comprising
one or more compounds or formulations according to one or more of
claims 1to 7.

Optical, electrooptical, electronic, electroluminescent or
photoluminescent component or device comprising one or more

compounds, formulations, materials or components according to one
or more of claims 1 to 9.

Component or device according to claim 8, 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,
devices or components, organic light emitting diodes (OLED),
organic light emitting transistors (OLET), flat panel displays,
backlights of displays, organic photovoltaic devices (OPV), solar
cells, laser diodes, photoconductors, photodetectors,
electrophotographic devices, electrophotographic recording devices,
organic memory devices, sensor devices, charge injection layers,
charge transport layers or interlayers in polymer light emitting diodes
(PLEDs), organic plasmon-emitting diodes (OPEDs), Schottky
diodes, planarising layers, antistatic films, polymer electrolyte
membranes (PEM), conducting substrates, conducting patterns,
electrode materials in batteries, alignment layers, biosensors,
biochips, security markings, security devices, and components or
devices for detecting and discriminating DNA sequences.

Method of preparing a compound according to one or more of claims
1 to 5, comprising:
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a) 2,3-Thiophenedicarboxaldehyde diacetal is halogenated by
lithiation with alkyllithium, LDA or another lithiation reagent, and
then reacted with a halogenation agent including but not limited to
N-chlorosuccinimide, carbon tetrachloride, N-bromosuccinimide,
carbon tetrabromide, N-iodosuccinimide, iodinechloride or
elemental iodine, to afford the 5-halogenated 2,3-thiophenedi-
carboxaldehyde diacetal.

b) The halogenated diacetal is deprotected under acidic conditions to
the corresponding dialdehyde, which is then condensed with a
cyclic 1,4-diketone, such as 1,4-cyclohexadione, 1,4-dihydroxy-
naphthalene or its higher analogues, to yield the quinone of the
dihalogenated acenodithiophene.

c¢) The quinone of the dihalogenated acenodithiophene is treated with
silylethynyllithium, followed by a hydrolysis, for example with diluted
HCI, to yield the dihalogenated diol intermediate.

d) Heteroaryl groups are introduced in the dihalogenated diol
intermediate by cross-coupling it with a corresponding heteroaryl
boronic acid, boronic ester, stannane, zink halide or magnesium
halide, in the presence of a nickel or palladium complex as
catalyst, to yield the heteroaryl extended diol.

e) The heteroary! extended diol is aromatised using a reducing agent
under acidic conditions to afford the terminally substituted
heteroaryl acenodithiophene.

f) Alternatively to steps b)-e), the 5-halogenated 2,3-
thiophenedicarbox-aldehyde diacetal obtained by step a) is
reacted in a cross-coupling reaction with a corresponding
heteroary! boronic acid, boronic ester, stannane, zink halide or
magnesium halide, in the presence of a nickel or palladium
complex as catalyst. The resulting product is deprotected and
condensed with a cyclic 1,4-diketone as described in step b),
followed by treatment with silylethynyllithium and hydrolysis as
described in step c), and the resulting heteroaryl extended diol is
aromatised as described in step e). '



