WO 2012/ 031659PCT/ EP2011/ 004076 _ Anthral 2, 3-b: 7, 6- bl di t hi ophene
Derivatives and their Use as Organic Sem conductors Field of the Invention
The i nverwpanizmiedes to novel anthraf2,3-b:7,6-b']dithipophre@idenryatives,
nmet hods of their preparation, their use as sem conductors in organic

el ectronic (OE) devices, and to COE devi® ks conprising these derivatives.
10Background and Prior Art Organic sem conductors (OSCs) are expected to
revol utionise the nmanufacturing process of the thi nfilmfield-effect
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fabricated nuch nore cost- effectlSerhycdndmibnsl on coating nethods such as
spi n-coating, drop casting, dip-coating, and nore efficiently, ink-jet
printing. Solution processing of OSCs requires the nolecular materials to
be 1) sol ubl Eieldiofitfte Inventiont oxi ¢ sol vent's; 2) stable in the sol ution
state; g3) easy to crystallise when solvents 20are evaporat ed and nost

|nportantly, 4) to provide high ch . ow of f
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Am Chj%y 50@‘5%@%% 4986; S. Subramanian, S. K Park, S. R
Par ki n, V. Podzorov, T. N Jackson, and J. E. Ant hony, J. Am Chem Soc.
2008, 130(9) @?a%ggr%bnd%@tdrb\(ews) a@@ﬁp@&b@&o%mﬁ@memmln for these
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Sorgani ¢ sol w@fiients; 2) stable in the solution state; 3) easy to crystallise when solvents

20 are evaporated; and most importantly, 4) to provide high charge carrier
mobilities with low off currents. In this context, trialkysilylethynyl substituted
heteroacenes, particularly anthra[2,3-b:7,6-bldithiophenes (ADTs) as
described for example in W02008/107089 A1, US2008/0128680 A1 and
US 7,385,221 B1 have shown to be a promising class of OSC materials.

25 Notably, the fluorinated derivatives have shown hole mobility greater than 1
cm?/s (see M. M. Payne, S. R. Parkin, J. E. Anthony, C.-C. Kuoand T. N.
Jackson, J. Am. Chem. Soc., 2005, 127 (14), 4986; S. Subramanian, S. K.
Park, S. R. Parkin, V. Podzorov, T. N. Jackson, and J. E. Anthony, J. Am.
Chem. Soc., 2008, 130(9), 2706-2707).

30
However, some major drawbacks remain for these materials, which include:
1) low temperature phase transition / melting point and 2) high charge
mobility coupled with low solubility, which limits the solvents available for
printing. 3) For future OTFT backplanes for OLED driving applications,

35 which demand higher source and drain current, the mobility and
processibility of currently available materials needs further improvement.



The aimof the present invention is to provide new conpounds for use as
organi ¢ sem conducting materials that do not have the drawbacks of prior
art mat erweals12zasiaescri bed above, and do especially showrCymedo11/004076
10processibility, good solubility in organic solvents, high nelting points
and high charge carrier nobility. Anotheér™aimof the invention was to
extend the pool of organic sem conducting materials available to the
expert. Other ains of the present invention are inmediately evident to the
expert fromthe follow ng detailed description. 15 It was found that these
ai ns can be achi eved by providing conpounds as clained in the present

i nvention, wrhekefare thersdd shifl aMFedford28Cvaaieviats thiaé shol gomdeelesiragict wo

silylethynyl sol | SJ ' Lf L : ' F;eg&h of the
Si atons. %B[oqeiﬁ%é,téa%c%l@wé?}@héﬂ{eﬂ%%rfr_r]lgF f’ﬁb "gg'?ézdeé gn %gi{Bg 1ty of the
subst i t uent shigh thesnal and emyirenmental stakililyi esresialiv § highhslyPilily iBups, the
sol ubi kity aﬁpqehﬁgsgﬁkhwg point of the materials can both be increased,
conpared wt e symetric anal ogues bearing the sane nunber of

sol ublising carbon atons. 25It was al so found that OFET devices, which

cont ai n conpquadsimesibediragehioinvdstigit Bsterdrovide evew compsundsifararsiuas or s,
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35sol utions (b%oPSf‘ér@%‘ﬁ!iteIéeMHBn@iubti y entitbgla Rivaldisieqoiths bRPeit OtherHigyg can
only survive r I

or a llimted tinme scale der i.ner.t s at here and in
absence -3 Of §1e prasembinMantiop Afe im %&ﬁ'y‘?v' ﬂ%tstgqﬁﬁteépgaﬁgoraélﬁ%ral ly
suffer from lfenewingrietaitesi gescriptiohan conpar abl e ADT anal ogues. In contrast
t her et ,5the materitals of the present invention possess increased
Sphot ost™ability, inproved organic solvent solubility, and higher nelting
poi nt than anbwagdosnd thatthesssaims par perashiaved by poyisting campeusdsyaset hyny|

A L U R e S i
Invention TrBerasf campsisingG:wg alylethypy @E‘gognpoluﬁﬁﬁ‘ﬂﬁh fterent
substituents on each of the Si atoms. Most importantly, by fine-tuning the
20 size and polarity of the substituents on the Si atoms of the solublising
silylethynyl groups, the solubility and the melting point of the materials can
both be increased, compared with the symmetric analogues bearing the

same number of solublising carbon atoms.

25 It was also found that OFET devices, which contain compounds according
to the present invention as semiconductors, show good mobility and on/off
ratio values, and can easily be prepared using solution deposition
fabrication methods and printing techniques.

30 Such compounds have not been reported in the literature up to date.

WO 2009/155106 A1 discloses pentacene derivatives with unsymmetrically
substituted silylethynyl groups. However, pentacene-based materials have
two major drawbacks compared with ADT-based OSC materials. Firstly, the
35 solutions of pentacenes exhibit significant photo instability. They can only
survive for a limited time scale under inert gas atmosphere and in absence



ARR R’ ARR R' wherein the individual groups have the foll ow ng neani ngs

25 one of Y1 and Y2 is -CH= or =CH and the other is -X-, one of Y3 and
Y4 is -CR¥Ooap1248k659and the other is -X-, 30Xis -0-, -S PCTEP2010/004876 C or
Si, -4 and wherein one or nore non-adjacent CH2 groups are optionally
repl aced, in each case independently frohione another, by -0-, -S-, -NRo_,
_Ssi RoRoo_, _cyo=cyoo_ or C-. G 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 at whi ch i.s ubstituted or . substituted 0 re
groups L, ar@fogg(é"?‘ﬁ‘h‘?é‘lt "Spﬁgﬁqoé‘fjh/n%ﬁeom er, ?88{‘8@%}'?3'#6? ﬁ@nb(:ogv[%
consi sting oméitingpsint #iaghtemparable ®ahahalbgoescycl i ¢ al kyl or al koxy group
having 1 to 20 C atons, a straight-chain, branched or cyclic al kenyl group
having 2 to 20 C atons, a straight-chain, branched or cyclic al kynyl group
having 2 to Rocantmsithereiostheangiariaihel the presertevefiorcpessassdnipread bony
group Bavi nggﬁofd%t%g\litg, lﬁqﬁ&f&ed%?gaﬁwsoWed@%bﬁJbﬂw,yénoghi@h@r haattiigpdinto 20

al Ky

ring atons, an ary or heteroaryl al kyl group having 4 t 0 ring
atons, an arwa;kw@pgﬁewpmn&w@{am"@v?% sgjb[sgtuégg,sﬁﬂgﬁypghg or an
alr Iyl ?Ihkyl ?xyg%u;{sgwrg@wiaumgl ma;er@;lswlithh?wm&thb?n?Dzwbn%wm,bMer ein
a e af orepenti.one oups _are..option ituted w one or nore
groups L, iSSEEWQGFé'aefCﬂ[?PH'Egéﬂ-e?'ﬁg,gﬂ@ aﬁgle&aﬁ%?é -CN, -NC2 , - NCO

-NCS, -OCN, -SCN, o0 -C(=0)NRo-, _ K C(=0)X, - c(=0)RO _NRO-00,
1- ( C(=x@) OH, i S s tuted aryl or heteroaryl having 4 to 20 ring
atom;,jlgb)r st 0 *%e,IHQéHlé ed or cyclic alkyl with 1 to 20, preferably

1 to 12 C atons wherein one or nore non-adjacent CH2 groups are optionally
repl aced, in1eaCGRvERGSH IdIdRBaBIRMPoundsnfeRsulanot her, by -0-, -S-, -NR,
-si RoRoo_, _cyo=cyoo_ or _ CC in such a manner that 0 and/or S atons are
not linked directly to one anather and which is unsubstituted or
substituted with one or noreAR Cl atoms or OH groups, WO

2012/ 03115659PCT/ EP2011/ 004076

20
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wherein the individual groups have the following meanings
25

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 -NRX,

A is C or Si,

R' and R? independently of each other denote H, F, CI, Br, |, straight
35 chain, branched or cyclic alkyl with 1 to 20 C-atoms, which

is unsubstituted or substituted by one or more groups L,



5 - Spis a spacer group or a single bond, Xis hal ogen, 5Rxhas one of the
meani ngs given for RL, R and R ndependently of each other denote H or al kyl
with 1 toweoR/etesas, 10Y and Yi ndependently of each ot Ir€i/Ekeatoedory F, Cl
or CN, ms 1 or 2, nis 1 or 2, 15 whereip in at |east one group ARR R' at

| east two of the substituents R, R and are not identical. The

I nvention further relates to a fornulation conprising one or nore
20compounds of fornmula | and one or nore solvents, preferably selected from

organi c solvents. The invention further relates_t. '

sem conducting formnul ati 85‘% w efe'“u8hﬁg’ﬁ”i rﬁg]og\i%a%?gﬁgogggggé%bosu%ﬁs of

formula |, one or nore oogénnallYelackst,dn each pase indapendently §ofm opeef er abl y

having a permttivity c %%O%h(%}pgyl_—@_o_fS_S_.,\ﬁqQ,r_éiggﬁpo_,a_r@;i(o&@\mn@,lJy one or
ur

more sol vents. The inventlon her’ rel ates’ to the use of conpounds and

fornul ations accordi ng t &x¢reingiushehinannge fat$hage/d maptEns aEhBRbr t
sem cogducting, 30el ectrijprRéd wir@@mfitts:bh@@nopm,t Ocgaribte ldrpibrivete oyl
e

otng mterial 1D Sh £ na AR bR OB e
i nvention further rel at esubstitubed bg ®neforanoeogrodpsdnd f or nmul ati ons
35according to the present invention as charge transport, sem conducti ng,
R,R, R" are identical or different groups selected from the group
10 consisting of H, a straight-chain, branched or cyclic alkyl
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 C atoms, a straight-chain, branched or cyclic
15 alkylcarbonyl group having 2 to 20 C atoms, an aryl or
heteroaryl 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 heteroarylalkyloxy group having 4 to 20 ring
20 atoms, wherein all the aforementioned groups are
optionally substituted with one or more groups L,

L is selected from P-Sp-, F, Cl, Br, I, -OH, -CN, -NO, , -
NCO, -NCS, -OCN, -SCN, -C(=0)NR°R?, -C(=0)X°, -
25 C(=0)R?, -NR°R®, C(=0)OH, optionally substituted aryl or
heteroaryl having 4 to 20 ring atoms, or straight chain,
branched or cyclic alkyl with 1 to 20, preferably 1to 12 C
atoms wherein one or more non-adjacent CH; groups are
optionally replaced, in each case independently from one
30 another, by -O-, -S-, -NR%, -SiR°R%-, -CY°=CY®- or -
C=C- in such a manner that O and/or S atoms are not
linked directly to one another and which is unsubstituted or
substituted with one or more F or Cl atoms or OH groups,

35 P is a polymerisable group,



el ectrically conducting, photoconducting or light emtting material in WO
2012/ 031659PCT/ EP2011/ 004076 -6 _ optical, electrooptical, electronic,

el ect r ol uwDrzeosnds90or phot ol um nescent conponents or dePeCTaP201TI@407OIVENt | on
further relates to a charge transport, %fniconducting, 5electrically
conducting, photoconducting or light em+tTing nmaterial or conponent

conpri sing one or nore conpounds or fornul ations according to the present
invention. The invention further relates to an optical, electrooptical or

el ectroni ¢ 10conponent or device conprising pne or nore conpounds,

formul ati ons,SPcorrponent s %7 SRELET 9~ r@ %’&8‘%8%1%0@% the present invention.
The optical, electrooptical, electronic electrolum nescent and

phot ol um nesgent conponent g, éeﬂe\’i ces include, without limtation,
150rganic fi€ld effect transistotrs (OFET), thin filmtransistors (TFT),
integrated circuits (1C, logic circuits, capacitors, radio frequency

i denti ki cati g (RFID) taggs SHVHORE MéamiAGONVRR for ROr gani ¢ |ight enmitting
di odes (C].ED%? organic light emtting transistors (OLET), flat panel

di spl ays, backlights of displays, organic photovoltaic devices (OPV), solar

20cel |'s, | as@P f4HPRES, phedamsmidntly of eachtierdxraté éf or alkylewith dtb@0ogr aphi ¢
devi ces, el ectrophotographi ¢ recordi ng devices, organic nenory devices,
sensor devices, charge i?’r{lggqm%’n | ayers, charge transport |ayers or
interlayers in polymer light emtting diodes (PLEDs), organic

Pl asmongym tL4ng. il paes ( CRERnaeRi) ok dkn dhitifondtt B4 iGigiTayer .

antistatic pol ynmer ‘el ectrol yte nmenbranes ,_conducti ng
substrates, conducting patterns, electrode nmaterials in batteries,
alignment |ayers, biosensgHsorDiochips, security markings, security
devi ces, and conponents or devices for detecting and discrimnating DNA
sequences. 30Detail ed Description of the Invention The conpounds of the
present inverfion are easy itar Zynt hesi ze and exhi bit several advantageous
propertfis, | i ke a high charge carrier nmobility, a high nelting point, a
hi gh sol*ubility in organic solvents, a good

wherein in at least one group ARR'R" at least two of the substituents R, R’

and R" are not identical.

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

The invention further relates to an organic semiconducting formulation
comprising one or more 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.

The invention further relates to the use of compounds and formulations
according to the present invention as charge transport, semiconducting,

30 electrically conducting, photoconducting or light emitting material in an
optical, electrooptical, electronic, electroluminescent or photoluminescent
components or devices.

The invention further relates to the use of compounds and formulations
35 according to the present invention as charge transport, semiconducting,
electrically conducting, photoconducting or light emitting material in



35processability for the device manufacture process, a high oxidative and
photostability and a long lifetinme in electronic devices. In addition, they
WO 2012/ O30682R3T¢SEP2011/ 004076 -7 _ show advant ageous PRCOFPRA11684036

di scussed bel ow. One advantage of the c%ypounds according to the present
invention is that, conpared to prior art”tonpounds, their solubility in
organi ¢ solvents 5can be increased wi thout sacrificing the charge carrier
nmobility. Generally, to inprove the solubility of a pol yacene-based OSC,

| i ke ADT or pentacene, whj.ch carries splubjlisin ubsti i et hynyl
groups, it i9P e%'?&f@of’{ﬂceﬂa?%cﬁﬂnicng%gﬁgkﬁmﬁﬁﬁg%rﬁ ngpHggéﬁggﬁn%%éc#rt in the
subst i t uent scompbhents drydlejcesips. However, this increase in the size of the
10silyl groups iInbal ances the ratio between the I ength of the aromatic
acene core and the dianeter of the solubilising silyl groups. In prior art
it has been Fheunventin furbeprelgtesciol sghaiogdransportsemitendlicindmat erial s i n
the crgstall| ikt bBShdudting srhightenfiibyirhatériapoe sensitive
to thilisS rati glb&@%éﬂgeoogﬂu%ﬂtﬁ%gﬁﬁ&b%gﬁ L. Egtoni;g S. g r{d n Orgr. .Lett.
2001, 4, 15: COEPONENt ATREISING RRRAT MQEG COMRRYEIS 15 Om‘g?,'o%ﬁg‘}. dige

opti nised | epgiHy Picawnt piventibho for 2-D stacking is around 2. However, this
enpirical rule fromprior art does only apply to symmetric trial kyl silyl
groups. Mre precisely, this ratio should be for the Iength of the aromatic
core and t he Theiinkemrtin tirthencelatestal ars ppticajr eleptoojcal or eleat@niexanpl e

al kyl -qoups cgfo 20t bPHEUIeRIckASricHg bfle i ndeasibouie Rbinflatibhs WaS now

found that t ness of the solubilising silyl groups can be fine-tuned

wi t hout sacr icompangntser materals @ecatdiog tq e presept iavent®i-ch is critical for

hi gh charge carrier nobility. This can be illustrated in the X-ray crystal

structures of_sone of t ent iny ntrimc))n. The
| ec

i he ex |l es_of the, pre

desynmet r i satﬁrlﬂp@fcai-fﬁlﬁ%tr%‘?ﬁ%"géﬁ%?}borﬁﬁﬁk{)wgﬁm@&ﬁ?%rﬁ a ul e general ly
appears to bgmstollifitnestenbicbippnehts drederites inalusle, Githoatiimitatioe, of t he
compou accordi. j iy d : ed to prior art
conpou ﬁ .t ﬁ’é??“'ﬁ&eﬁ‘ioﬁfﬁé%& Fénrfsg&@ gsn_tcg%ggi) itfr?\'@ rﬂé@stg%?%'%{? Fsgc a n’p? e by
i ntroduci ng, iategsatedimincLi$ (§)s oigia circuits: sapacitons radiorequsnsyl  gr oups,
ei ther subst ihuaitcaivh (REMARUBEACBERAZoRIDOAEAE b Gariib Ight emitiaglo al ky|
substituents 'é_\n t r%g%ggd sfrzaggénd one. al %{p_subs & tgﬁa ng g\n th i ncgue)ased
size. In the diedes (RLER). ergapic light emiBnatransisters @aﬁ'::@l at panell kenyl groups
decrk,ease }nt ﬁdiﬂ‘)lé ,rba{ﬂkﬁgﬁﬁak(‘]cﬁ%iémayﬂébr anig tohokevoliaseitiéviogs '(@P%,obzﬂa.gr X
packi n t he ol ecul es, reas ILn the seco ase, (L i t hat
Phe. t hi&nes Salf. BT SERESI PAPREORHbro PR et i lddiroPhplodtaRhe

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

25 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.

30 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
35 processability for the device manufacture process, a high oxidative and
photostability and a long lifetime in electronic devices. In addition, they



WO 2012/ 031659PCT/ EP2011/ 004076 -8 _ condensed packing | eads to higher

| attice energy and accordingly, to an increased nelting point. The exanpl es
of the prweent2/3misenti on denonstrate that al kenyl or Saromrarea1®04esé it uents
on the silyl groups, or unsymretrically subustituted silyl groups with two

short al kyl groups such as nethyl, et hyl7 or cycl opropyl and one | onger

al kyl group, show the above-nenti oned advantages, as they lead to increased
mel ting points and increased solublilty of the ADT conpounds, conpared for

exanple to the symmetric trial kylsilyl 10substituted ADT conpounds. For
exanple, it &E\%Wﬁﬁyﬁﬂtelgﬁa&usﬁ?@ﬁgmeﬁ%ﬁ?'ScussedlbeIOW-

But yl di net hyl -si |l yl ethynyl) -2, 8-di fl uoro- ADT has a hi gher nelting point

511" ai (111 bORR IR O Ednpblytes BB DARTIE AR e a1 0

conpounds of tHaty carhpated fonprerat serwotsdecthiir solbiliy dupeganic 2oasts he sane
meant ng. F‘”%%'ﬁrb Rﬁﬁrfe%rslél@%iﬁffcﬁjt%‘é@ﬁﬁ’élﬁgﬁhé’ﬁhéfger%rﬂe} mebAtE Cerferafly S or Se,
very preferabl'y g

urther preferred a

and nt have ¢ eiruereyeriba SONGIEOF By SRIECPRSRS GD JRRAE of formil a |

wherein n = gbﬁﬂaceﬁé?vdhﬁirﬁéérﬁég%@mmﬁsiﬁ eubstitawl silyfsteyiyl grogpss itisual |y
prepared as

mxtur? f isoners. F%rrm IthhuB covers.|soner pairs
wherein in t RECEPTAY ?E‘@H@@WTC@% eﬂlrﬁn% = Cﬁ_rai_, oA 'T‘_%"# ﬁ]ee_ second i soner
P)(lt; 2(4 and t¥abaithéﬂa&orﬁSCh'Ié_heilyttgnqnmmdH;)vmévetrhtime,arne:a;met_ e inrthe sizeonf tgncl u(cjie

o m xt yr.e ed are
corrpouﬁ@s of sﬁgrg{{ﬁ{,lgé F%‘gbggﬁiéﬁw &%ﬁ%&ﬁg@sAﬂyﬁfzgﬁ/gﬁéﬁg%grrgﬁémeani ng.
WO 2012/ 03165pRCANEO diproeteo phite selubiisinggitiybaneysotn priprat Ehas i n at

| east one gr%\éen%gv%@'thamwé GIRRING BrdRgtdT taisQiRss dRafdrialgtin theast two of

o RN 0 T MRV e M TR R
substituent Ratid(setd. R'Ahthdng, IDEBnEag)rt ISaR. Ravkiti, Crgr bett. Z00dm4, 6; meani ngs
R T
each ot her. HFemdthadiapetdraatiefora?-® stacking is around 2. However, this empirical
rule from prior art does only apply to symmetric trialkylsilyl groups. More
precisely, this ratio should be for the length of the aromatic core and the
thickness of the solublising groups. By using for example alkyl groups of
20 different sizes as in the present invention, it was now found that the
thickness of the solubilising silyl groups can be fine-tuned without
sacrificing the 2-D stacking of the material, which is critical for high charge
carrier mobility. This can be illustrated in the X-ray crystal structures of
some of the examples of the present invention. The desymmetrisation of
25 the silyl group and the resultant molecule generally appears to boost the
solubility of the materials.

One advantage of the compounds according to the present invention is
that, compared to prior art compounds, their melting points can be

30 increased for example by introducing, as solubilising substituents on the
silylethynyl groups, either substituents with C-C-double bonds or aromatic
rings, or two alkyl substituents with reduced size and one alkyl substituent
with increased size. In the first case, it is expected that for example the
alkenyl groups decrease interplanar distances in the n-stacks resulting in

35 denser packing of the molecules, whereas in the second case, it is
expected that the thickness of the solublising silyl groups is reduced. The



compounds of formula | wherein two of RR, R and R' have the sane 10neani ng
and one of RR, R and R' has a neaning which is different fromthe other two
of R, R woadoR/3145art her preferred are conpounds of for mrulr&prkoiie®rei n one
or nore of R R and R' denote or, contain an al kenyl group or an
aryl or heteroaryl 15group. Very prefer@o'ry R, R and R' in the conpounds
of fornmula | are each independently selected fromthe group consisting of
optionally substituted and strai ght-chain, branched or cyclic al kyl or

al koxy having 1 to 10 C 20at ong, ich is. for exanple nethyl t hyl,

- propyl -1 SGpred RIRAIBGIGH to oAl pRsen gt Pop gl B &

2,2, 3, 3-t et r jreddndayeltny point., cycl obutyl, cyclopentyl, methoxy or ethoxy,
optionally substituted and strai ght-chain, branched or cyclic al kenyl,

al kynyl or al kyl carbonyl having 2 to 12 C atons, which is for exanple

al 'yl , isopr@peredampledof the prgsent yiventiop genmpnsitiate tratilitenyl 95 1- enyl |
propyngl or Ef/cﬁﬁ%ﬂic sﬁ@éﬁtggﬁfslhdn ﬁ‘léjﬁy'lplﬁ&ﬁﬁ, BF Vihsymicfieanydubudtinltad kyl or

het er oar yl al , aryloxy or heteroarylfoxy having 5 t? 10°ri n%l i’;\toms, whi ch
's for exanpbiyliaienys Wit short BlHL$1ouPs Stihamimetn ¢inl gy yclopropyi
o of er bl y | P e et ot b g paent
Pivent ron RiahlsartodngeBsee telfind Pai RBd iaaneedsoelingr AT o
FL _, Il, ICN l@gdqpﬁundl sgbompheadchfor lexanyhe tb the syrometriatriafylsityl koxy,
i oa , alken i di(tert-
al kyl cﬁpbonyPB@?’?‘PS‘?%%%"&R@?@‘!’n# fo(%}%;x%&wg’n!lt Sggﬁﬁwjﬁ?ﬁ 1 dl.(tert
e oy oo
_ hi sol @i yRh ¥R the) syraméth substiQfle@r
bstituted t | Fg Al G—? fl t ed.
'h anot her - et BEREERHEDAR AV 2HESRATE i formula | Genote an
S5aromatic or heteroaromatic group with 4 to 25 ring atons, which is nono-
I i P i.t | ' ! i ndi vi i t hat
ar e coriber edrelsEayin 48R bpMpRRnER S AT Ch SR Cocditehldfine 1072 { lse
rings, and whgoeps YeéAbasthegame meanlngt it uted or substituted with one or

nore groups L as defined above. 10 Very preferably according to this
preferred enbodi nent RlL and/or R2 are selected fromthe %E&u consi sting of

furan, thi optantherpseferedrarecompaundsi @f foppulank wherein Xis €, Y&{¥adi azol e,
oxazol e, oxadj,gzhhsy sel enazole, and bi-, tri- or tetracyclic aryl or
heteroaiall groups cgnt ai ni ng one or nore

Further preferred are compounds of formula | wherein n and m have the

same meaning.

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

25
The heteroacenes of the present invention are usually prepared as a
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% = Y°,
30 The compounds of the present invention include both the mixture of these

isomers and the pure isomers.

Very preferred are compounds of formula | wherein the two groups
ARR'R" have the same meaning.
35



150f the aforenentioned rings and optionally one or nore benzene rings,
wherein the individual rings are connected by single bonds or fused with
each ot hewp 2arxh3ndserein all the af orenmenti oned groups areTmEPIUb®VIOTUt ed, oOr
substituted with one or nore groups L as, defined above. 20Preferably the

af orenentioned bi-, tri- or tetracyclic¢aryl or heteroaryl groups are

sel ected fromthe group consisting of thieno[3,2-b]thiophene,
dithieno[3,2-b:2",3 d]thiophene seIenopheno[S 2- b] sel enophene- 2, 5-di yl ,

sel enopheno[ 2, %eo%sel eno

sel enopheno[ i1 ?rHPBB’H SFQJ"H%? 'Xéyeé%ﬁﬁgr%?'ipé\%ﬁﬂn Brag%rﬁglyzl% diyl,
benzo[ 1, 2- b: Botir %@BIARRFR'QMMMﬁO(ﬂIM sulstRuents R, dprateR" are not

2, 2-di sel | £rR
ph cy'cfﬁpiﬂé’@%ftiabq‘@@“ﬁ%%ﬁ. irbatidast sril Grolup! ARRIT', Brdferanly in both
benzo[ b] sel egopiEnARRBHAIdRAStAINE SLB@rﬁlﬂ&mu%z%@ d Be h%@erln@ﬁamfeafmmreu n

all the aforfs”& déqi%rartﬁérhseéﬁ.ﬁ%yaﬁwﬁ%thb%@s&tn%n@wﬂmén& Rd with one or
nore groups as i ned above Mbst preferably according to this

preferred enbodi nent Rl and/or R2 are selected fromthe group consisting of
the fol |l ow ng/é?@bﬁéfbﬁ’éd ardRcrAiAUMRIEFTORATAHRAMBIDAROTR, R' andB' preferred

(é:)g%ménds Ofsl %&cra%auelzgmngg rtr?attargso%ffgrfenrt H’Smf Sééh"&{h%?. ﬁ&ﬁﬁ%’# p?r%ferréd dfe -
compounds of formula | wherein two of R, R' and R" have the same
10 meaning and one of R, R and R" has a meaning which is different from
the other two of R, R and R".

Further preferred are compounds of formula |, wherein one or more of R,
R' and R" denote or contain an alkenyl group or an aryl or heteroaryl
15 group.

Very preferably R, R' and R" in the compounds of formula | are each
independently selected from the group consisting of optionally substituted
and straight-chain, branched or cyclic alkyl or alkoxy having 1t0 10 C

20 atoms, which is for example methyl, ethyl, n-propyl, isopropyl, cyclopropyl,
2,3-dimethylcyclopropyl, 2,2,3,3-tetramethylcyclopropyl, cyclobutyl,
cyclopentyl, methoxy or ethoxy, optionally substituted and straight-chain,
branched or cyclic alkenyl, alkynyl or alkylcarbonyl having 2 to 12 C atoms,
which is for example allyl, isopropenyl, 2-but-1-enyl, cis-2-but-2-enyl, 3-but-

25 1-enyl, propynyl or acetyl, optionally substituted aryl, heteroaryl, arylalkyl or
heteroarylalkyl, aryloxy or heteroaryloxy having 5 to 10 ring atoms, which is
for example phenyl, p-tolyl, benzyl, 2-furanyl, 2-thienyl, 2—selenophenyl, N-
methylpyrrol-2-y! or phenoxy.

30 R' and R? in formula | are preferably identical groups.

In a preferred embodiment of the present invention, R' and R? are
selected from the group consisting of H, F, Cl, Br, I, -CN, and straight
chain, branched or cyclic alkyl, alkoxy, thioalky!, alkenyl, alkynyl,

35 alkylcarbonyl, alkoxycarbonyl, alkylcarbonyloxy, alkylcarbonylamido,
alkylamidocarbonyl or alkoxycarbonyloxy with 1 to 20, preferably 1to 12 C
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atoms which is unsubstituted or substituted with one or more F or Cl atoms
or OH groups or perfluorinated.

In another preferred embodiment, R' and/or R? in formula | denote an
aromatic or heteroaromatic group with 4 to 25 ring atoms, which is mono-
or polycyclic, i.e. it may also contain two or more individual rings that are
connected to each other via single bonds, or contain two or more fused
rings, and wherein each ring is unsubstituted or substituted with one or
more groups L as defined above.

Very preferably according to this preferred embodiment R! and/or R? are
selected from the group consisting of furan, thiophene, selenophene, N-
pyrrole, pyrimidine, thiazole, thiadiazole, oxazole, oxadiazole, selenazole,
and bi-, tri- or tetracyclic ary! or heteroaryl 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 aforementioned groups are unsubstituted,
or substituted with one or more groups L as defined above.

Preferably the aforementioned bi-, tri- or tetracyclic aryl or heteroaryl
groups are selected from the group consisting of thieno[3,2-bjthiophene,
dithieno[3,2-b:2’,3'-d]thiophene, selenopheno[3,2-b]selenophene-2,5-diyl,
selenophenol2,3-b]selenophene-2,5-diyl, selenopheno[3,2-b]thiophene-
2,5-diyl, selenopheno[2,3-b]thiophene-2,5-diyl, benzo[1,2-b:4,5-
b'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’dithiophene-2,6-diyl,
benzo[bjthiophene, benzo[b]selenophene, benzooxazole, benzothiazole,
benzoselenazole, wherein all the aforementioned groups are
unsubstituted, or substituted with one or more groups L as defined above.

Most preferably according to this preferred embodiment R' and/or R? are
selected from the group consisting of the following moieties:



SRR R'" 20 25 SRR R wherein R R and R' are as defined in formula 1
and "al kyl" denotes alkyl with 2,3 or 4 C atons. Above and bel ow, an al kyl
group or WA 281%sxe59gr oup, i.e. al kyl where the term nal PCHEPQIOOMOITG

repl aced by -0-, can be straight-chain ?r branched. It is preferably
straight-chain, has 2, 3, 4, 5 6, 7 ot 4 carbon atoms and accordingly is
preferably ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, ethoxy,
propoxy, butoxy, pentoxy, hexoxy, heptoxy, or octoxy, furthernore nethyl,
nonyl, decyl, yndecyl, dodg@yl,xtridecyl)(tet adecyl pent adecyl

2012/ 031659PCT, 1/ 0040 - /44 - nono COXY, oxy, dodecoxy,
tridecoxy or tlet/r a COXY, t anpl e. nyI grou e. al kyl wherein
one or nore 2 ‘@rouyps ar® r ep ced 5byX can §3ralght chain or
branched. It is preferably strai ht- chain, has 2 to 10 C atons and
accordingly is preferably vi nyl , prop 1- or prop-2-enyl, but 1- 2- or

but - 3- gnyl , p)((ant Nl- ?5( or pent - , hex 1- 10 2- s
T Ty x> )
X~ 8 X X
X X
X 9] X Se X 6]
10 P . p- .
X X X N
x X x X X

X X

/
X X
X Se S
X N S S
X , X

wherein X has one of the meanings of L given above, and is preferably H,
F. Cl, Br, I, CN, COOH, COOR®, CONR’R®, or alkyl or perfluoroalkyl
having 1 to 20 C atoms, ois 1, 2, 3 or 4, R® and R” are as defined above,

20 and the dashed line denotes the linkage to the adjacent ring in formula I.
Very preferred compounds of formula | are those of the following formulae:
SiRR'R"
25 |
AN S
S Z
30 It
SiIRR'R"
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3-, 5-, 4-, 4- or hex-5-enyl, hept-1-, 2-, 3-, 4-, 5- or hept-6-enyl,
oct-1-, 2-, 3-, 6- or oct-7-enyl, non-1-, 2-, 3-, 4-, 5-, 6-, 7- or

non- 8- enyWo 2dex316s9 2-, 5-, 6-, 7-, 8- or dec-9-enyl. PBsparea@Eiiioysops ef erred
al kenyl groups are C2_C7- 1E-al kenyl, C4-C7-3Eal kenyl, C5-C7-4-al kenyl,

C6- C7- 5- al kenyl and C7-6-al kenyl, in paﬂgrcular C2- C7- 1E- al kenyl ,

C4- C7- 3E- al kenyl and C5-C7-4-al kenyl . Exanples for 15particularly preferred
al kenyl groups are vinyl, 1E-propenyl, 1E-butenyl, 1E-pentenyl, 1E-hexenyl,
1E- hept enyl, 3-butenyl, 3riﬁ@gpenyl, 3E- hexenyl, 3E-heptenyl, 4-pentenyl,
4Z- hexenyl , 4E-hexenyl, 44-heptenyl, 5-hexenyl, 6-heptenyl and the I|ike.

group, i.e. alkyl
preferably straig
or 3-oxabutyl o=
5- oxahexyl , 2-,

where ajnon-termnal CH2 group is replaced by -0-, is

- ‘ oxaprepyl (=nmet hoxynethyl), 2- (=ethoxynethyl)
—®&-, or 4-oxapentyl, 2-, 3-, 4-, or

4 aheptyl, 2-, 3-, 4-, 5-, 6- or 7-

250xaoctyl, 2-, 3-, 4-, , 6-, 7- or 8-oxanonyl or 2-, 3-124-, 5-, 6-,7-,
8- or 9- oxadecyl, for exaple. In an alkyl group wherein one CH2 group is
repl aced by -0- and anothef CH2 group is replaced by -CO, these radicals
are preferably nei ghbour e®SiRRIRAccordingly these radicals together forma
car bonyl oxy group -00-0- or an oxycarbonyl group -0-00-. Preferably this
group is straight-chain and has 2 to 6 C atons. It is accordingly
preferagbly acetyl oxy, promiBR/Roxy, butyryloxy, pentanoyl oxy, hexanoyl oxy,
acetyl thyl, propionylo Ynethyl, but yryl oxynet hyl , pent anoyl oxynet hyl ,
2-acetyl oxyet hyl , 352-propitonyl oxyet hyl, 2-butyryl oxyethyl,
3-acet yl oxypropyl, - ogypropyl, 4- acetyl oxybutyl,

met hoxycar bonyl, ¢ - propoxycarbonyl, putoxycarbonyl,
pentoxycarbonér, Y e hyt', et hoxycar bonyl net hyl ,
pr opoxycar bonyl nmetfyl , oxycar bonyl met hyl , 2-(met hoxycar bonyl ) et hyl ,
2- (et hgxycar bonyl ) et hyl , % (propoxycar bonyl ) et hyl,
3- (et hioxycar bonyl ) propyl J|! 3- (et hoxycar bonyl ) propyl ,
54-(nethoxycarbony|)-butYkﬁggggalkyI group wherein two or nore CH2 groups
are replaced by -0- and/or - - can be straight-chain or branched. It is
preferably straight-chain and has 3 to 12 C atons. Accordingly it is
preferably bis-carboxy- 10n®HR'R" 2, 2- bi s-carboxy-et hyl,
3, 3- bi s-car boxy- propyl, 4, 4} bi s-carboxy-

20
14
25 SIRRR"
SIRR'R"
NS
30 alky|4/\/@(malkyl 15
SIRRR"

35



butyl, 5, 5-bis-carboxy-pentyl, 6, 6-bis-carboxy-hexyl,

7, 7-bi s-carboxyheptyl, 8, 8-bis-carboxy-octyl, 9, 9-bis-carboxy-nonyl,

10, 10- bi swoantemsyetecyl , bi s- (et hoxycar bonyl)-nmethyl,  PCT/EP2011/004076

2, 2- bi s- (et hoxycar bonyl) - et hyl , 3,3-bj23(nethoxycarbonyl)-Propyl,

4, 4- bi s- (et hoxycar bonyl ) -butyl, 5,5-bis= 15(net hoxycarbonyl)-pentyl,

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

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

2, 2-bi s- (et hoxycar bonyGjRE'RY!, 3, 3-bi s(et hoxycar bonyl) - propyl,

4, 4- bi s- (et hoxycar bonyll) -butyl, 5, 5-bi s(ethoxycarbonyl)-hexyl. 20 A

t hi oal kyl group, i.e re one CH2 group is replaced by -S-, is preferably
straight-chain thionethyl (-SCH3), 1-thioethyl (-SCH2CH3), 1- thiopropyl (=
- SCH2CH2CH3) hi. oy - (thi opentyl), 1-(thiohexy|) 1-

(t hi oheptyl), ww 1-£t hi ononyl ), 1-(thiodecyl), 6l-(t hi oundecyl )
or 1- 85(thi odddiecy¥) ,~where€i n"preferably the CH2 group adjacent to the sp2
hybri di sed vinyl carbonf atomis replaced. Rl, R2, R, R' and R' can be an
achiral or a chiral gruhp. Particularly preferred chiral groups are 2-butyl
(=1-methyl propyl), 2-nethylbutyl, 2- 30nethylpentyl, 3-methylpentyl,

2- et hyl hexyl , 2-propyléﬂﬁ¥§R, in particular 2- nethyl butyl, 2-nethyl butoxy,
2- met hyl pent oxy, 3-nmet hyl pent oxy, 2-ethyl hexoxy, 1-nethyl hexoxy,

2- octyl oxy, 2-oxa-3-nethylbu%%% Tf-oxa-4-nethylpentyl, 4- et hyl hexyl ,

2- hexylhg 2-octyl, 2-nonyl, 2- %y , 2-dodecyl, 6- nethoxyoct oxy,

\/

6- met hyl oct oxy, 6-nethyl oct afipyl oxy, 5-nethyl heptyl- 35oxycarbonyl,

2- met hyl but yryl oxy, 3-nethyl Yal er oyl oxy, 4-net hyl hexanoy- | oxy,

2- chl or pr opi onyl Qxy, yryl oxy, 2-chloro-4-nethyl- - 16
- val eryl oxy, f - met hyl - 3- oxapént yl ,

2-met hyl-3- ox 'S xy, 1-ethoxypropyl-2-oxy,

1- propoxypropyl oxy, - 2-0xy, 2-fluorooctyl oxy,

2-f1 uorqaglecyl oxy, 1,1,1-trif\Eor02-octonxy, 1,1, 1-trifluoro-2-octyl,
2-fluoronet hyl octyl oxy for eXxanple. Very 5Spreferred are 2-hexyl, 2-octyl,
2-octyloxy, 1,1,1-trifluoro-&dgeyl ., 1,1,1- trifluoro-2-octyl and

1,1, 1-trifluoro-2-octyl oxy. Preferred achiral branched groups are

i sopropyl, isobutyl (=nethylpropyl), isopentyl (=3-nethylbutyl), tertiary
butyl, isopropoxy, 2-nethyl progiRR'Rend 103- net hyl but oxy. -CY()=CY- is
preferably -CH=CH , -CF=CF- or |-CH=C(CN)-. Halogen is F, CI, Br or I,
preferggsy F, d or Br. 15 L i:|preferab|y selected fromP-Sp-, F, d, Br
1, -OH"=CN, -NO2 , -NCO, - $, -OCN, -SCN, -C(=0)NRoRoo, _c(=0)xo,
_c(=0)Ro, _NRoRe S 18

25 SIRR'R"

wherein R, R' and R" are as defined in formula I, and "alkyl" denotes alkyl
with 2, 3 or 4 C atoms.

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

35 ethoxy, propoxy, butoxy, pentoxy, hexoxy, heptoxy, or octoxy, furthermore

methyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl,



C(=0)0OH, straight chain, branched or cyclic al kyl, al koxy, oxaal kyl or
thioal kyl with 1 to 20, preferably 1 to 12 C atons which is unsubstituted
or 20subswpt2ot2é31680t h one or nore F or O atons or OH gPOUFP2@IN1/004076
perfluorinated, and straight chain, br anghed or cyclic al kenyl, alkynyl,

al kyl car bonyl , al koxycar bonyl, al kyl car b nyl oxy or al koxycarbonyl oxy with 2
to 20, preferably 2 to 12 C atons which is unsubstituted or substituted
with one or nore F or O atons or OH groups or perfluorinated. 25 The
conpounds of formula | may also b ubstitufed with a polynerisable or
reactive gr oBRNOXhidEsOKY Wb‘?‘?‘%ﬂ%‘é(r 598%993%3%'{ o&ﬂrﬁ%trqtﬂ C(%(yof:oéss of fornming
the pol ynmer. efdsplecul ar preferred conpounds of this type are those of
formula | that contain one or nore substituents L which denote P-Sp,
30wherein P is a polynerisable or reactive group and Sp is a spacer group
or a singl e Boralkeri@seur.orfp@lind whareingene pcnose GHaaretns ase rerlarednduct or s

or chagge tr gsgo doHBE S bé'ﬁﬁaigﬁ-dﬂWoFBI‘hrﬁ%e@FR%Ff&é%lwis@afgh@ groups P,

for exanpl e merisation in situ, during. or af rocessi ng the

pol ymer rTFnt oC aiﬂhhésfzi tord ¢ @atgn%méaﬁwgiwng‘?{@ﬁ[y,‘R?ﬂ’ @?ﬂﬂ'éﬁd’r

Clr‘] ossl : nked E%F}Lg&'lrnyﬂ'i %ufmh_wgt Br lbhgta-eﬁyf}_rtha,rZ-i, 8t onpbni-dianyhexki-gh

t hermal , nechanjc a em,Cc stahility.

5015) 05 1680rar Erd0eh Pesaose: Aaptt 12, W énz’%‘%)ﬁpt-?'%:%?( oyR™

o o LW v

= N- = - -, - -, N- , -

NH- | %:C\M-%CC&'N&%C&;:%(%@%{WEM-(O)1, 2. CH2=CH- ( CO) ki Phe- (0) k2-,

Phe- CH=CH, HOOC-, OCN-, and WMAW6WS6Si -, with WL being H F, C, CN, CF3,

Eh_enyl _ O:j al Iefpeqaulp pflefe@réﬁi élkﬁhylr‘groupslalmliclbjaﬂ@allkd:nyUC‘;é&GIEB, W and W8
ei ng i ndependent of each ot her r a W to 5.Cat.0 in

partigcul arpH,almhyﬁé‘Cémlpeﬁyl- ﬁ:ﬁﬁﬁdgﬁker\)&?nmh allenybin parttyBlondent 1 y

of each ot her(;2Cta.1EXi@IRéh¥1| CiC 3B ckdroyhphd| Gy C7-dt-dlkedylt ExdmPlest fors, W and

W8 bei i ndependen a j t - at ons,

Phe beilfy 1 ﬁaﬁ%ﬁ@é@ﬁ@e??ﬂ§?%ke%é}§§f%% e G E oyl telfudnit 50

groups L as di&-peetknghdiehexeny!kiE-heptaryl odbuterivhddpeaatemyl,y of each ot her

0 1. Alt i i } i _ whi ch i
or er@hbygﬁ%ef%_g%gferm,ojffpghgglﬂ%{ezd Hg;(é,yﬁ Jr:3 Helggﬁﬂ gr oups ichis

non-reactive Under t i tions descri or the process accorgng to
the present i4%&-beptesyl, Shupxam.O-peptesyt and the g Sraves having ¥R 1@ RE or di nary

expert and degghishad JeherdMfy pricf@ked.ure, for exanple in Green, "Protective
G oups {h Organic Synthesis", John Wley and Sons, New York (1981), I|ike

for ex | e acetals or ketals. Especially preferred groups P are
CH2=CH- 000-, Apldx54lkyigro0pOi.e. dkiAvliere sChidr@intinal CBLRral) BCEpE0ed,
(CH2=CH) 2CH QrSy -CS)-, is preferably straight-chain 2-oxapropyl (=methoxymethyl), 2-
(=ethoxymethyl) or 3-oxabutyl (=2-methoxyethyl), 2-, 3-, or 4-oxapentyl, 2-,
3-, 4-, or 5-oxahexyl, 2-, 3-, 4-, 5-, or 6-oxaheptyl, 2-, 3-, 4-, 5-, 6-or 7-
25 oxaoctyl, 2-, 3-, 4-, 5-, 6-, 7- or 8-oxanonyl or 2-, 3-, 4-, 5-, 6-,7-, 8- or 9-
oxadecyl, for example.

In an alkyl group wherein one CH; group is replaced by -O- and another
CH, group is replaced by -CO-, these radicals are preferably neighboured.

30 Accordingly these radicals together form 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,

35 2-propionyloxyethyl, 2-butyryloxyethyl, 3-acetyloxypropyl, 3-propionyi-

. oxypropyl, 4-acetyloxybutyl, methoxycarbonyl, ethoxycarbonyl,



thereof. WD 2012/ 031659PCT/ EP2011/ 004076 - 18 - Pol ynerisation of group P
can be carried out according to nethods that are known to the ordinary
expert aiogeRsiéed in the literature, for exanple in BCTEP2BAHE4076 G
Challa; G N Ml, Mcronmol. Chem 1991, 192, 59. 5The term "spacer group”
is known in prior art and suitable spatéP -groups Sp are known to the

ordi nary expert (see e.g. Pure Appl. Chem 73(5), 888 (2001). The spacer
group Sp is preferably of formula Sp'-X , such that P-Sp- is P-Sp'-X -,
wherein 10Sp' 15 is al kylgﬁ with up to 30 C ajfons which is unsybstituted
or nono- or PEIRAXYEIQAY %yqa,rb@%{l, ReNtoxyeaeRy!. MEtBMEaeDd possi bl e
for one or nR{ghyIoBtHRKysatnyhBthyt, Qupsoxyzadsorydmletiogdoutbryebbnyglase

i ndependently fr ne.an Ert0% s f A Fr o = , LRR-, -CO,
-000-, -000- %%@3?5’(61%@9&@?”%&% ?-<?E9§:WM?PV!>&‘.N§L_%@‘55§% uch a
manner that BAaroahyt)ettyl a3-6methmecadionyi)pkeny! di-tetbokycarbooyiprapyh her, X is
0-, -8, - 000 hui@- 000-, -CO-NR-, -NR- OO, -NR-CO NR-,
OCH2§ -m%}i(f“qt@%?rbg@ﬂ%gy?ﬁ- 20CF20-, -0CF2-, -CF2S-, - SCF2-,

- CF2CH2-, -CH2CF2-, - CF2CF2-, -CHEN-, -NECH-, -NeN-, - CHECR-, - CY=CY-, -

CC, -CH=CH s1kyl-§188p Widrein @o 8r FofeICH s are replaBedby -B-ar e
I ndependent | 8\%8? \éég% 8t hehteH ofr. P 9 nd.Y and Y

are i ndepend@pdfaf -6OQaean i‘?éﬁa'gﬁl'é?lali't\grbfa%degxﬁz'? Qr%géﬁ%g\?ﬁggkg to-, -5,
- OCH2-, - CH2@nainr &eHRas 3-t0HZSC, atofEis2 Beccordfig it is PefeFatBy bis-Saibdxy- - CH2CH2-
G P o s RS ook eI 3i5-Big-arblay-pIog. 4 AERI Lo I L
bond. | n anoblutyl, babieraacbioxmpentyhdnt-bis-caoxydrexyp 7 irkis-¢arbgye to form a
conj ugat ed syShem g BUGH-@fboyoctyl, 9,6brdarboRy-rdngl, N9, f0-BRIEarboxy-
decy!, bis-(methoxycarbonyl)-methyl, 2,2-bis-(methoxycarbonyl)-ethyl,
3,3-bis-(methoxycarbonyl)-propyl, 4,4-bis-(methoxycarbonyl)-butyl, 5,5-bis-

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

20
A thioalkyl group, i.e where one CH; group is replaced by —S-, is
preferably straight-chain thiomethyl (-SCHs), 1-thioethyl (-SCH2CHj3), 1-
thiopropyl (= -SCH2CH2CHa), 1- (thiobutyl), 1-(thiopentyl), 1-(thiohexyl), 1-
(thioheptyl), 1-(thiooctyl), 1-(thiononyl), 1-(thiodecyil), 1-(thioundecyi) or 1-

25 (thiododecyl), wherein preferably the CH; group adjacent to the sp?
hybridised vinyl carbon atom is replaced.

R'. R? R', R"and R" can be an achiral or a chiral group. Particularly
preferred chiral groups are 2-butyl (=1-methylpropyl), 2-methylbutyl, 2-

30 methylpentyl, 3-methylpentyl, 2-ethylhexyl, 2-propylpentyl, in particular 2-
methylbutyl, 2-methylbutoxy, 2-methylpentoxy, 3-methylpentoxy, 2-ethyl-
hexoxy, 1-methylhexoxy, 2-octyloxy, 2-oxa-3-methylbutyl, 3-oxa-4-methyl-
pentyl, 4-methylhexyl, 2-hexyl, 2-octyl, 2-nonyl, 2-decyl, 2-dodecyl, 6-
methoxyoctoxy, 6-methyloctoxy, 6-methyloctanoyloxy, 5-methylheptyl-

35 oxycarbonyl, 2-methylbutyryloxy, 3-methylvaleroyloxy, 4-methylhexanoy-
loxy, 2-chlorpropionyloxy, 2-chloro-3-methylbutyryloxy, 2-chloro-4-methyl-



WO 2012/ 031659PCT/ EP2011/ 004076 - 19 - Typical groups Sp' are, for exanple,
-(CH2) p-, -(CH2CH20)q -CH2CH2-, - CH2CH2- S- CH2CH2- or - CH2CH2- NH CH2CH2- or
-(Si RR- 0)WO,201/a365p bei ng an integer from2 to 12, q bePad/ER2011/049G€r from
1 to 3 and R and R having the meani ngs given above. Preferred groups Sp'
are ethyl ene, propylene, butylene, pentyPene, hexyl ene, heptyl ene,

octyl ene, nonyl ene, decyl ene, undecyl ene, dodecyl ene, octadecyl ene,

et hyl eneoxyet hyl ene, net hyl eneoxybutyl ene, et hyl ene-thi oet hyl ene,

et hyl ene- N- et hyl -i m noet hyl ene, 1-methyl al kyl en 10et henyJ ene

propenyl ene é@'@%@%&ér%rP@ﬁéoﬁomeMYﬁJ?@'.'g’%3'%8%@3?@?%@0#‘@@5“‘3'0an be
Si_nlt |he3i zed ggare 'I,ngnié(}héky;@r'gpgn@oﬁt?w@hdm}dﬁ@ﬁ‘ﬂt t -2-6%y, BpoPOxgprodyh-2t he
skilled person a re descrj be e |iter re, r

preparation E¥h b Uf%weﬁoﬁﬁz?ﬁ?’%3'@&%’%F@é?xylgé§‘b°é8$’%>{’?ef‘yp;@’3%@88{%

sui ]Eabl edsymzrc&ﬁw_swrm,ncmlsrifmoeof 4’2uo¢ty||ea-fttmorrielﬂadof dglosyforSexaraplee Veny
preferged syn 1 1§ K sS4 Qf: _ t siiyention are
exenpl §ri |y Bh%‘égréﬁeén}g?@gﬂlyfgg%% %gg?@w]ﬁh%qztﬂﬁ@ﬁ’gﬁ @%ﬁglc’:ﬂl’eﬂgs bel ow for
ant hr adi t hi opifiuese-2eectyband1al. 1 -tifkererdroatyle. R* are e. g.

al lyl diisopropylsilyl, cyclohexyldinmethylsilyl and

tertbutyl dinethylsilylgroups and, Rl and R2 are e.qg. F, O he erivatives

wi th di 11 er eRreieriap agira) Brapahad grosRs e sahrepd; BRbutyl GEIFIMRIPRY R and Ro
Z%n PgerthT hesdpeatyli(a3anethg i), tertizey bugB, iSbsroppry @ aiethpibrdguxylarsy met ri c

(5, 11- d0- (A BymethRBPE%y1 Si 1 yi et hyny1) -2, 8- di Fl uoro- Ant hra[ 2, 3-b: 7, 6-b
pi Thi ophene) is shown in Schene 1. Dichlorodiisopropylsilane 1 was treated

with allyl mggq@evﬂ@ﬁggée#grajﬂ ﬁéhge;ﬁ_p-gi:_etﬁ- al th@b‘(ér&?f opyl chl or osi | ane

2, 30which was thén rea ithium (trimethylsilyl)acetylide to yield
the TMS-protected ethynyl allyldiisopropylsilane 3. Deprotection of 3 with

base, e.g. PYUAs§eNT8 FAChBradra, pici@aeedr eChyngt. al | yl diisopropylsilane 4.
Usi ng a1 tandard- procedure, this ethynyl silane was lithiated with
I

nbut yl hiumto provide the lithiumallyldiisopropylsilylacetylide 5,
whi ch is 35r qagtpefarably stiddtad frondPt8pe Qi Br,dcOHOGN 6N, yiNCO, di ol 7.

glhfe I Sloglo- gﬁf t#g%g'cébéj %@E}Qr_ﬁ}'%Fgoh%ﬁfé%d)&g’o'qﬁv?n)ﬁa’ 'gln%gipéoo'under acidic
condi tions. W(FOOH, straigiprchain, dramchegl ostyclic alkyl, alkoxy, oxaalkyl or
thioalky! with 1 to 20, preferably 1 to 12 C atoms which is unsubstituted or

20 substituted with one or more F or Cl atoms or OH groups or perfluorinated,
and straight chain, 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 Cl atoms or OH groups or perfluorinated.

25
The compounds of formula | may also be substituted with a polymerisable
or reactive group, which is optionally protected during the process of
forming the polymer. Particular preferred compounds of this type are those
of formula I that contain one or more substituents L which denote P-Sp,

30 wherein P is a polymerisable or reactive group and Sp is a spacer group
or a single bond. These compounds are particularly useful as
semiconductors or charge transport materials, as they can be crosslinked
via the groups P, for example by polymerisation in situ, during or after
processing the polymer into a thin film for a semiconductor component, to

35 yield crosslinked polymer films with high charge carrier mobility and high
thermal, mechanical and chemical stability.
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Preferably the polymerisable or reactive group P is selected from

0]
W7
5 2 /O\ Wa
CH,=CW'-COO-, CH=CW'-CO-, WHC—CH— | © ,
o)

Wa gz (CH)1"O  CH,=CW2-(O)xs-, CHa-CH=CH-O-, (CH,=CH),CH-

10 OCO-, (CH=CH-CH>),CH-OCO-, (CH>=CH)2CH-O-, (CH2=CH-CH>)>N-,
(CH»=CH-CH2)2N-CO-, HO-CWW?-, HS-CW?W?-, HW?N-, HO-CW W?-
NH-, CH,=CW'-CO-NH-, CH,=CH-(COO)1-Phe-(O)x2-, CH2=CH-(CO)x1-
Phe-(O)ye-, Phe-CH=CH-, HOOC-, OCN-, and W*W°W°Si-, with W' being
H, F, Cl, CN, CF3, phenyl or alkyl with 1 to 5 C-atoms, in particular H, Cl or

15 CHs, W2 and W® being independently of each other H or alkyl with 1 to 5
C-atoms, in particular H, methyl, ethyl or n-propyl, W*, W® and W® being
independently of each other Cl, oxaalkyl or oxacarbonylalkyl with 1 to 5 C-
atoms, W’ and w8 being independently of each other H, Cl or alkyl with 1
to 5 C-atoms, Phe being 1,4-phenylene that is optionally substituted by

20 one or more groups L as defined above, and k1 and k2 being
independently of each other 0 or 1.

Alternatively P is a protected derivative of these groups which is non-
reactive under the conditions described for the process according to the

25 present invention. Suitable protective groups are known to the ordinary
expert and described in the literature, for example in Green, "Protective
Groups in Organic Synthesis", John Wiley and Sons, New York (1981),
like for example acetals or ketals.

30 Especially preferred groups P are CH;=CH-COO-, CH,=C(CH3)-COO-,

CH,=CH-, CH,=CH-0-, (CH,=CH),CH-OCO-, (CH>=CH),CH-O-,
)

° 2
/7 N\
W?HC —CH— and W (CH,)yy-O- , or protected derivatives

thereof.
35



)-Si-r=)--Si---/- )\ 7)\ 8 The synthesis of conmpounds of formula I, wherein
Rl and R2 are aryl or heteroaryl groups, is exenplarily and schematically

i 11 ustratWe 2012/@Btdsénes 2 and 3 bel ow, for conpounds whePETEPIRBIMAT6 | s €. g.
an 30al | yl diisopropylsilyl group. Qtherqgerivatives with different silyl or
germanyl groups or different aryl or heteroaryl substituents RL and R2 can
be synt hesi sed i n anal ogous nmanner. Comrercially avail abl e diacetal A
is iodinated by treating with n-BuLi and 35el enental iodine to yield the

i ododi acetal p Whe @Qﬁg c?]fedrgu%-ﬁ‘gaﬁib@%%trﬁéd bt Q@é&r@k@ye}ﬁeﬂfbdfshﬁat are

correspondi ng

2012/ 031659PK1T¢\EP291|'1¢ 96110%/ expeft an%dlﬁECf(i:o%P E’y@‘ﬁﬂﬁ%’ W@df%?é‘wlﬁ RId the

di i odoant hr agh, jhpesdie @ Challe&: ND.Mdhd/agronoheCheact 89w 192,t5% | it hi um

al lyl diisopropylsilylacetylide 5 from Scheme 1 to form the di hydroxy
derivative E. Stille or Suzuki coupling of E wth the correspondi ng thienyl
bui | di g bl oTke tgirel"sisader grouphisdtrmwven irspréormarbandsudablei spager groups

(;mt hlr:,?[ 2, 3- bl Sl vt 1 BRGRfrary SBERTsEe e & PurBAH). @RertP(5), 8Bs! 11 FR
(2001). The spacer group Sp is preferably of formula Sp'-X', such that P-
Sp- is P-Sp'-X'-, wherein

10 Sp' is alkylene with up to 30 C atoms which is unsubstituted or
mono- or polysubstituted by F, CI, Br, | or CN, it being also
possible for one or more non-adjacent CH; groups to be
replaced, in each case independently from one another, by -
O-, -S-, -NH-, -NR?-, -SiR°R%-, -CO-, -COO-, -OCO-, -OCO-

15 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,

X' is -O-, -S-, -CO-, -COO-, -OCO-, -O-CO0-, -CO-NR’-, -NR’-
CO-, -NR°-CO-NR%-, -OCHj,-, -CH,0-, -SCH>-, -CH,S-, -
20 CF,0-, -OCF,-, -CF,S-, -SCF»-, -CF,CH,-, -CH,CF -, -

CF,CF,-, -CH=N-, -N=CH-, -N=N-, -CH=CR’-, -CY°=CY%-, -
C=C-, -CH=CH-COO-, -OCO-CH=CH- or a single bond,

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

Y® and Y® are independently of each other H, F, Cl or CN.

X' is preferably -O-, -S-, -OCHy-, -CH,0-, -SCH>-, -CH;S-, -CF20-, -OCF2-,
30 -CF,S-, -SCF2- -CH2CHy-, -CF2CHy-, -CH,CF»-, -CF2CF2-, -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
system, such as -C=C- or -CY°=CY®-, or a single bond.
35



SIR2R KSi RRR R = Allyl The fluorinated dithienyl

ant hraf 2, 3-b: 7, 6-b] di t hi ophenes can be synt hesi sed by anal ogous net hods as
shown i n 8oher3859 WO 2012/ 031659PCT/ EP2011/ 004076 0O @EMBR01H004076 S\ /
PdC12(PPh3)2 0- B - 22 - H | HOAc/ HC 1) 5 2) SnCl2/HCI 15NH

Typical groups Sp' are, for example, -(CHz),-, -(CH2CH20)q -CH2CHy-, -
CH,CHy-S-CH,CHa- or -CH;CH2-NH-CH,CHo- or -(SiR°R%-0),-, with p
being an integer from 2 to 12, q being an integer from 1 to 3 and R° and
R having the meanings given above.

Preferred groups Sp' are ethylene, propylene, butylene, pentylene,

hexylene, heptylene, octylene, nonylene, decylene, undecylene,

dodecylene, octadecylene, ethyleneoxyethylene, methyleneoxybutylene,

ethylene-thioethylene, ethylene-N-methyl-iminoethylene, 1-methylalkylene,
10 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 described in the
literature. Other methods of preparation can be taken from the examples.

15 Especially preferred and suitable synthesis methods are further described
below.

Suitable and preferred synthesis methods for the compounds of the
present invention are exemplarily and schematically described in the

20 reaction schemes below for anthradithiophenes of formula | wherein A-
RR'R" are e.g. allyldiisopropylsilyl, cyclohexyldimethylsilyl and tert-
butyldimethylsilyl groups and R' and R? are e.g. F. Other derivatives with
different silyl or germanyl groups or different substituents R' and R? can
be synthesised in analogous manner.

25
The synthesis of the unsymmetric ADiPS-F-ADT (5,11-di-(Allyl-
DiisoPropylSilylethynyl)-2,8-diFluoro-Anthra[2, 3-b:7,6-b’|DiThiophene) is
shown in Scheme 1. Dichlorodiisopropylsilane 1 was treated with
allylmagnesium bromide solution to yield allyldiisopropylchlorosilane 2,

30 which was then reacted with lithium (trimethylsilyl)acetylide to yield the
TMS-protected ethynyl allyldiisopropylsilane 3. Deprotection of 3 with
base, e.g. potassium carbonate afforded ethynyl allyldiisopropylsilane 4.
Using a standard procedure, this ethynyl silane was lithiated with n-
butyllithium to provide the lithium allyldiisopropyisilylacetylide 5, which is

35 reacted with difluoro-dithienoanthraquinone 6 to yield diol 7. The diol was
directly aromatized to afford the difluoro-anthra[2,3-b:7,6-b’ldithiophene 8



Il KSSRRR 20R = i-Pr R= Allyl The novel nethods of preparing the
conpounds of formula | as described above and bel ow are anot her aspect of

t he i nverwDaen12/09e¢59 preferred is a 25general nethod for POT&P2¢I1AH036
conmpound of fornmula I conprising the follow ng steps: a) Treating a

di chl orosilane of the fornula S10 2R2 {2P-with a sol ution of R MyBr,
wherein Rand R are as defined in formula |, for exanple Ris a first

al kyl group and R is an al kenyl group or a second al kyl group 30that is
different fromthe first alk roup, to yield a chlorosilane of the

formul a Si Cl WitR Sl Undeb?‘c?"i‘éﬁfg’”ﬁﬂoﬂ%e chl orosilane S1CIR2RL (2) fromstep
a) with Li-CCSiR3, wherein Ris alkyl, for exanple nethyl, to yield the
correspondi ng 35profected sil ane of the formula R3Si-CC- Si R2RL (3), ¢
deprotecti ngg-&BSE\SFth ected silane R3Si-CE --C-SIRRR (3), for exanple - 23
- by treatnent with potassium carbonate, to afford the unprotected sil ane
of thegformula HC_-- CSl B(.4) ) alternatively to stepj/b) and c),
treati ﬁg t he chl orogj| I% m%pée?)—w th et hgnyg sium
hal i de or Iithi urrﬁacsetgl i ae fo an ﬁ he anpr ot ect ed ¥Phne b C- Si RRR1
(4) directly. d) /tih\atlng the sil B CC SiR2R1 (4) from c3 or b2),
for exanple with n-butyllithium to provide the lithiumsilyl a[:'tylide of

the formula Li-C-=C-SiRRR (5), 10e) reacting the lithiumsily|&%tylide
i-CC-SiR2RL (5) fromstep d) with dithienoanthraquinone (6), ichis
optionglly substituted in 2- and/or 8- posN\[VOn by Rl and/ or s defined
in for al, toyield the correspondjng=digal/T7) “(?”l"eac,glg ghedial (7)
fromstep e) with a reducing reagent, for arrpl e 15Snd 2, undér acidic
conditions to afford the anthral 2, 3-b: %, 6< D} dithiophene (8) ichis
substituted by -CC Si RRR groups in,5 and 11-position and optionally
substituted by 8-position. 20Further preferred is

a general nethed f : - § i pgrFa /conpound of
15
>‘S‘—\: >‘|g|'l
20 HO |
S SnClleCI X
| o It
>—Si—/: >—s.—/_
25 )\ 7

The synthesis of compounds of formula I, wherein R' and R? are aryl or
heteroaryl groups, is exemplarily and schematically illustrated in Schemes
2 and 3 below, for compounds wherein A-RR'R" is e.g. an

30 allyldiisopropylsilyl group. Other derivatives with different silyl or germanyl
groups or different aryl or heteroaryl substituents R' and R? can be
synthesised in analogous manner.

Commercially available diacetal A is iodinated by treating with n-BulLi and
35 elemental iodine to yield the iododiacetal B in good yield. The diacetal is
deprotected to the corresponding the dialdehyde C, which is condensed



formula I conprising the follow ng steps: a) Reacting

2, 3- Thi ophenedi car boxal dehyde di acetal (A) with al kyllithium LDA or

anot her |WOROEYG30659r eagent, and then reacting the 25r esRCTiERQOIGONMOGNd W t h
a hal ogenation agent including but not |[imted to carbon tetrachloride,

1, 2- di chl or oet hane, carbon tetrabron de21%, 2- di bronotetrachl or oet hane,

1, 2-di bronoet hane, 1-i odoperfl uorohexane, iodinechloride, elenental iodine,
to afford the 5-hal ogenated 2, 3- thi ophenedi carboxal dehyde di acetal (B),
30b) deprotecting the 5-hal ogenated, 2, 3-thi ophenedi car boxal dehyde di acet al
(B) from st ewita)l 4neiielohgxaaediopsdaivigld the dilodorntbimditbiophene ayiteng Henyde
(Q), which i$ndbemhdHrderEeWitiths lithiGnalyidibofrobyleiyrizetylide@irom

1, 4- cycl ohexadi one, 1, 4-di W?dr'ﬁxi_ nag@}t .haﬁenﬁ g;( 1\ tsﬁ?ﬂl ﬂEer arllal Ooqtéfs’ to
yield the quPRoem@ect tq fsmyine-HiBYioxY dervative Roatilln 0o SgRE (RPN E eat i ng
t he qui none @fthtthe coirespondingtthitnyt buitting Iblanik enetdg B) whichmarontatises

2012/ 031659PCT/ EP2011/ 24 7 . ith a lithiumsilylacetylide
of thegf or mﬁoa{hfi cﬁ%@@ﬂ%&z&{%f%vm gﬁn&?‘slgé%%ﬂet&anpl e obtainable by a

process as descri bed above, and wherein R and R are as defined in formula
I, for exarrpéghgnie a first alkyl group and R is an al kenyl group or a
second al kyl hat is 5different fromthe first al kyl group, followed
by a hydrolysis, for exanple with diluted NCI, to yield the dihal ogenated
diol internediaie~(E), d) cross-couply t he di hal ogenatgd di ol

i nter 8i ate (E) omstep ¢c) with a respondi ng heter yl boronic acid,
bor oni cVest er t annaneqy puc hal i or magh@4¢-tfh hal i in the presence
of a nickel 2 aéﬁ”r’pﬁﬁple &al yst, to yiél het er oar yl

ext ended di ol ?F) 0 eéczti ng the _Jgryl ext ended®di (F) fromstep
d) with a reduai ng agent, for exanpBe SnCl 2, under aci @i c conditions to
afford the 2,8- 15di heteroaryl-anthra[2, 3-b: 7, 6-bldithigg eqdK) which is
substituted by -CC-SiR2ZR groups in 5 and 11-position,l or“e2Z) alternatively
to steps b)-e), reacting the 5-hal ogenated 2, 3- thi ophHengdkarar box- al dehyde
di acet dP (B) obtained yyrgstep a) in a cross-coupling reaction with a
correspondi ng heteroaryﬁ boroni ¢ acid,

OH . o
S
RSP QOVTINETEENN g ey
s ) H; S
o

OH

</——g\SnBus

S
SiR,R' SRR’
25 |

! |
OH
S 0 Sy /™ _SnCiHe) W\ S I
7 s 7 s 7 s Z 7 s
OH
| l

F ., R=iPr
SiR,R’ K SRR R=Allyl

PACL,(PPh,),

30
The fluorinated dithienyl anthra[2,3-b:7,6-b’|dithiophenes can be

synthesised by analogous methods as shown in Scheme 3.

35 Scheme 3



20boroni ¢ ester, stannane, zinc halide or magnesium halide, in the presence
of a nickel or palladiumconplex as catal yst, deprotecting the resulting
product amo203erssi ng with a cyclic 1, 4-di ketone as de®cridred 1iomo3é ep b),
treating the resulting product with the lithiumsilylacetylide of the
formula Li-CC-Si R2R (5) followed by hyd2el ysis 25as described in step c),
and aromatising the resulting 2,8-di heteroaryl extended diol by reacting it
with a reduci ng agent as described in step e), to afford the

2, 8-di heteroaryl -anthra[ 2, 3-b: 7, 6-b] di t hi ophene (K) which is substituted by
-C=C-Si RRR groups in 5 and 11 position 30The invention further relates to
a fornul ation conpy |ng e nore conyy nds of formula I a ne or nore
sol vent s, preferab sel n@Jomorganlc ol vents. F d solvents
are aliphatic h ocarbon§ chldq y8r ogsBdDNg, 3

hydr ocar bons, | ket egg§( ot beriesafl) NFADTT'T i

mhlchn§an be used i 22, 42 trlnethykﬁrhzene 1,2,3,4- -
tetrantt hyl benzepe, pentylbenzene gesi tyl'ene, cunene, cyHrene,

cycl ohexyl benzene, di et hyl benzene, tetralin, decalin, 2,6-lutidine,
2-fluorom xyl ene, 3-fluoro-o-xylene, 2-chlorobenzotrifl uorid@Ac/HCI

di met hyl f or mam de, 2-chl oro-6fl uorotol uene, 2-fl uoroani solye, anisole,

| vent's

2, 3-di et hyl pyrazi ne, 4- 5f}uoroani sol e, f r oani sol e,

3-trifluoro- rrefthy ani sol g thIanlsol’éj%ﬁ\r’zaiD thylanlole
3- et hyl ani sol €)2 /u @ any/sal e robenw

4-f| uorQ\/erat roI - i i f ddgoBbenzoni t e,s

2, 5-di met hyl ani sol e, 2, 4- dlqiet hyl ani sol e, benzonitrile,

3, 5-di et hyl ani sol e, N, N-dijethylaniline, ethyl benzoate, 1- e uoro 3, 5-
10di et hoxybenzene, 1-nethyl napht hal ene, N-nethyl pyrrolidi none, 3-

fl uorobenzotrifluori de, bi) nzotri™uoride, benzotrifluoride, diosane,
trifluoromethoxybenzene, fl uarohenzotri fg,qurl de, 3-fluoropyridine,
tol uene, 2-fluorotol uene, 22 ubFEbenzot ri II uoride, 3-fluorotol uene, 4-
i sopr oﬁ;ﬁ bi phenyl, phenyl ether, pyridi ne,| 4-fl uorotol uene, 2,5-
15di f I uor ot ol uene, 1-chl oro- 2F4§|f| > e,g 2-f uoropyrldlne 3-
chl orof | uor obenzene, 3-chl orof [jugr-e¢ hper@-, 5- di f1 uor obenzene,
4- chl or of | uor obenzene, chl orobenzend, oenzéneF
2- chl or of | uor obenzene, p-xylene, mxyl ene,| o-xyl ene or m xture of o-, m,
and p-isoners. Solvents with relatively | l/v polarity are 20generally
preferred. For inkjet printing solvekts wWSmRhi gh boiling tenperatures and
sol vent2Qvi xt ures are preferred. For spin cgpaipng al kyl ated benzenes |ike
xyl ene and tol uene are preferred. Thealynvention further relates to
an organi c sem conducting fornul ati on 25conpri sing one or nore conpounds of
formula I, one or nore organic

The novel methods of preparing the compounds of formula | as described

above and below are another aspect of the invention. Very preferred is a
25 general method for preparing a compound of formula | comprising the
following steps:

a) Treating a dichlorosilane of the formula SiCl2R; (1) with a solution of
R'MgBr, wherein R and R' are as defined in formula |, for example R is
a first alkyl group and R' is an alkenyl group or a second alkyl group

30 that is different from the first alkyl group, to yield a chlorosilane of the
formula SiCIRzR' (2),
b) reacting the chlorosilane SiCIRzR' (2) from step a) with Li-C=C-SiR%,
wherein R? is alkyl, for example methyl, to yield the corresponding
35 - protected silane of the formula R%Si-C=C-SiR,R' (3),

c) deprotecting the protected silane R%Si-C=C-SiR,R' (3), for example



bi nders, or precursors thereof, preferably having a permttivity ¢ at 1,000
Hz of 3.3 or less, and optionally one or nore sol vents. Conbining specified
sol ubl e csopowdsesof forrmula |1, especially 30conpounds @®CTiEPROIPES026 r ed
fornul ae as descri bed above and below, with an organic binder resin
(hereinafter also referred to as "the b28der") results in little or no
reduction in charge nobility of the conpounds of forrmula I, even an

i ncrease in some instances. For instance, the conpounds of fornmula | may be
di ssolved in a binder resin (for exanple poly(a-_ 35nmethylstyrene) and
deposited (for byieptroeptwithinetassiummarbonatef i afferd thedhwretestad conduct i ng

| ayer yiel ding g dHdbr $RFOERAUIPRICLEISIRWR @gver, a VO
2012/ 031659PCT/ EP2011/ 004076 - 26 - sem conducting | ayer forned thereby

exhi bits excgp) amérmbtilalitorsiepgby had aitesdtimigithe chistobtanmasiCIRyRa(A)y st abl e.

Sby" copbini ng aTEERRGRA WA PEPRRIEEEhey LR tBe i ol g ' "o
y cogbining a rnder I ng
formul dt i on | eadffotdbtheawrratecied sitare d3-CHHSiR:RINA) direstivace t he conpounds

of fornula | are soluble they may be deposited in a liquid form for
exanpl e frondxolimmatmgthwaulaneﬁér%'&ﬁ 1) freen sEPtiOrtididier expemple

formul ation Canm}ag.nﬁzga%@ﬁg@m,qofprbﬁaaqhéniﬁﬁu¢1%i|9la|&baj1ﬁhé dfthé esrfUENNer .

10Furthernore, wh binder is used in the forfrulation it is possible to
control the propePeCeSIRAR (Bl fornul ation to adjust to printing processes,

f | ' iy, ).i.d . t,. f . | Qn... Wi | st t.. W shi
Lo be Bbund B) ERPREIA H R ide CoE SURAR: ¥l sl bRt ne e or
a bi nder in t hedfthicmobattraquihonkg6), whioh isveptirtallg substifjpedin 2nandfoai ns

ot her wi se bei ng  15v0;. i 2 ' ' ipg4lsayer |ess
sensitive to ai ﬁ'%?lsgf"ﬁ%?g%jr_éﬁ/{}grﬁ %%g’??@h%f‘s"ﬁ?@y@ﬁg ?’gtbr}@%da{@%ordi ng to the
process of the pooeepondingeheli@h show very good stability in OFET devices

in air. The invention al so provides an organi c senconducting |ayer
whi ch 20conpff) séeacting hedghsl @) fom & withg redyeingireagentafqrgxample
15 SnCl,, under acidic conditions to afford the anthra[2,3-b:7,6-
b’|dithiophene (8), which is substituted by -C=C-SiRzR" groups in 5-
and 11-position and optionally substituted by R* and/or R? in 2- and/or
8-position.
20 Further preferred is a general method for preparing a compound of
formula | comprising the following steps:

a) Reacting 2,3-Thiophenedicarboxaldehyde diacetal (A) with
alkyllithium, LDA or another lithiation reagent, and then reacting the
25 resulting compound with a halogenation agent including but not limited
to carbon tetrachloride, 1,2-dichloroethane, carbon tetrabromide, 1,2-
dibromotetrachloroethane, 1,2-dibromoethane, 1-iodoperfluorohexane,
iodinechloride, elemental iodine, to afford the 5-halogenated 2,3-
thiophenedicarboxaldehyde diacetal (B),

30 b) deprotecting the 5-halogenated 2,3-thiophenedicarboxaldehyde
diacetal (B) from step a) under acidic conditions to the corresponding
dialdehyde (C), 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

35 acenodithiophene (D),

c) treating the quinone of the dihalogenated acenodithiophene (D) from



The invention further provides a process for preparing an organic

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

deposi ti nyoap12a3sesstrate a liquid | ayer of a fornul ati @ATEP2QINI840AG one or
nore conpounds of formula | as descri bed above and bel ow, one or nore
organi ¢ binder resins or precursors the24ef, and optionally one or nore
solvents, (ii) formng fromthe liquid |ayer a solid |layer which is the
organi ¢ 30seni conducting layer, (iii) optionally removing the |ayer from
the substrate. The process is described in nore detail bel gw _35The

i nvention addi t stepdd) witpadihiges siiacatelide ehine farviiaeikerpriiBeRgPhe sai d

S s ecapery T, BYE B8 JBRKrIbEE bBERe, aMD
2012/ 031659PCT/ %ﬁ%’l%% qoaaple Bmaﬁﬁ% Eg@ o r e, a

/00407 I t at field
effect transi st whe[eirEpnd d?@éﬁl% e {j]ﬂd 'BEPW‘:"% fl?%%h(pﬁfg)j)sgaaP' rsf ' ©
DEOE ode} tec_t or ,( Péﬁk'?ﬁ r:’ol.up| aFm R' i a8 bikenyhgroupyored seeord alkgingroupdhabis

otovaltaic ce
betweed t he. dr afess formbg e Bigepl, Bfouds SR hidoUAs, reranpe
invention. As amdthitiuted &) toyIQICbﬂhlarcgbal(DgehetedrdI@H Ietﬁrli’@d)atﬁrﬁﬁ ction or

transport layer in an OLED device may corg)rl se the_layer of the invention.
The for nul at dpnsrasseeoufiling the dirrlogesatedtai olnv@rﬁ'ﬂesratg.ﬁﬁ) frafesterr@r ned

therefrom have gagtd eyt éépé'r‘idlh%th)étér'&agf%&orﬂé BeR, @bhymb @sted! afdnPaAnko t he
preferred enbodi nents csescrl her ei em conduct,i ﬂg conpound of

formula | prefeZdS @alﬁiﬁsoramé‘ﬂﬁ?ﬁ'é'”ba?lfqeer‘“ mprqspg)cep anigkeli e than 0. 001

cmev- 1301, ver y paligdiafrabomplx a®tatalysantol/iéld thePelcrsadyl extaneieidadibly
pref erably of m'zée than 0.1 cnRV-1s-1 and nost preferably of nore than 0.5
T

cnm2V-1s-1. 15 ):bi nder, which is typically a polyner, may conprise either

an i nsul ati ng bl ndel, of.3 SEAONAS RAEPAR) PERfom el WS rddIRaRET Y. be

referredto rrerl bl nder _or Sinply

e or
t he bi nder. 20Pra©reet rfedemmagijn%wndeh@cld@ qué“ttﬂnést@rﬁ fforéh e 2i&n are

materials of Lyhthya[2l 31817, 6| dithiepReh@ (KN@hrehdigIsTibktiiuted by at
1,000 Hb of 3. S\Hcl)r?&FFeBsésryl éMte ao[r g{aﬂgﬁagéflnder§ eef ‘gr(gbl y has a r;erm t¥| vity ¢

at 1,000 Hz of 3CECoPIRAES GroyRs ra@ﬂ’%} $PTor less. Pr eferably the

bi nd tt
32822: gl I ;/npret%r%)@itre t"ﬁ’é)f Qﬂg\élﬁé’éfs %09?@9 g%%?%elrbqtﬁ(ggrg?gel n the range
from2.0 to 2.9.thidbhestdicatbox-aliehgde didvetdl(Bhobtainetpy séep akiml ar theory it
3 e 5600, he erh® ob SR rdcRBR iy EBrReRGidThG htdrb¥nd vBfoditeger than

33at1000Hzcr?r§§/ oare |on|n |ty|nan
el ectrd@0 ¢ devi dmrohisreséerastannane, ZFE'Ihallldﬁ cuduagneﬁﬂummajﬁepmmet tivity

mgﬁf fscgg{jgsﬂ féﬁé@bfa'niblde'i‘sf pansslus bR ashisthpse diepratbcling devi ce,
the resulting product and condensing with a cyclic 1,4-diketone as
described in step b), treating the resulting product with the lithium
silylacetylide of the formula Li-C=C-SiR;R' (5) followed by hydrolysis
25 as described in step c), and aromatising the resulting 2,8-diheteroaryl
extended diol by reacting it with a reducing agent as described in step
e), to afford the 2,8-diheteroaryl-anthra[2, 3-b:7,6-b’ldithiophene (K)

which is substituted by -C=C-SiR,R' groups in 5 and 11-position.

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-



An exanpl e of a suitable organic binder is polystyrene. Further exanples of
sui tabl e binders are disclosed for exanple in US 2007/0102696 Al .
Especai | IWO012¢@i4s¢ and preferred binders are descri bedPCi/EPR@1/00407@W Ng.

35 WO 2012/ 031659PCT/ EP2011/ 004076 - 235- | east 95% nore preferably at

| east 98% and especi al I y all of the atofis consist of hydrogen, fluorine and
carbon at ons. is preferred that the binder normally contains
conj ugat ed bonds, 5espeC| al | y conj ugat ed doubl e bonds and/or aronatic
rings. The bjdy Pb'éﬁizéﬁ nARb¥NAh & Fhadiy e, cliffeRengymehiel m nore
preferablyaerX|bef| b\rgers of st n andﬁ hér\é ?t rene, for
exanpl e copoPXFrJr@h%XM"Pl%n%ﬁﬂeh i é Engeng, tefralimydes@PeAd-HHAMEy £tHOL e rmay

10sui :abl yhbfh efle, Bifludes-o- >oj|erh@v2 pl&lromtbénwtrﬁfluaﬁdeudenemytfmnmngieent ;
i nventi on haye i random
fluctuations |°r§‘|‘?1r8F§fE rgfoqgéqe %ﬁlﬁéa&s‘ﬁel’@gﬁ) gn? ?Pcﬁf/n:@'tﬂ@ﬂ%yr%g% gCtI’I C
const abt) caflubeahizhde 3-funsmnisole he-triBmivb Mshytapitolers?-hmihylanispie, al so
ot 1 ot hBhehgl e nfiiRpBALiold CRIYlafaRe Lo i LRt SO v

rame

solubility p €rs wt ondi ng contributions as

f ogen
materi al s~ of flunfabengpaitrilgy 8- ﬂt@»ﬁp‘tﬁfﬁﬁﬁhé’n@ déT‘@tBM?é“s e2¥preferred range for

the sol ubi | i fyoRMHFBRRAIE, QH’Biﬂﬁéiﬁyl%isQﬂ@tZ?& dim@fhyﬂ’arhsdildeberﬁﬁmﬂ#ﬁ@ in
accordance w tﬁ

Hansen par ang %ﬂmeﬁﬁ‘e[?gi%? @&Yeml } IS'H%E‘fXqu enz0ate’ t%Ifieuorobz,e*l\sOW Table 1

10 dimethoxybenzene, 1-methylnaphthalene N-methylpyrrolidinone, 3-
fluorobenzotrifluoride, benzotrifluoride, benzotrifluoride, diosane,
trifluoromethoxybenzene, 4-fluorobenzotrifluoride, 3-fluoropyridine,
toluene, 2-fluorotoluene, 2-fluorobenzotrifluoride, 3-fluorotoluene, 4-
isopropylbiphenyl, phenyl ether, pyridine, 4-fluorotoluene, 2,5-

15 difluorotoluene, 1-chloro-2,4-difluorobenzene, 2-fluoropyridine, 3-
chlorofluorobenzene, 3-chlorofluorobenzene, 1-chloro-2,5-
difluorobenzene, 4-chlorofluorobenzene, chlorobenzene, o-
dichlorobenzene, 2-chlorofluorobenzene, p-xylene, m-xylene, o-xylene or
mixture of o-, m-, and p-isomers. Solvents with relatively low polarity are

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

The invention further relates to an organic semiconducting formulation

25 comprising one or more compounds of formula |, one or more organic
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

30 compounds of the preferred formulae as described above and below, with
an organic 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 dissolved in a binder resin (for example poly(a-

35 methylstyrene) and deposited (for example by spin coating), to form an
organic semiconducting layer yielding a high charge mobility. Moreover, a



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 dinensional solubility paraneters
i sted abwoeoixshasde: di spersive (6d), polar (p) and hyacogerobongdiag (6h)
conponents (C.M Hansen, Ind. Eng. and Chem, Prod. Res. and Devl., 9, No3,
p282., 1970). 35These paraneters may be2@et er ni ned enpirically or

cal cuI ated from known nol ar group contributions as described in Handbook of
Solubility WD 2012/ 031659PCT/ EP2011/ 004076 - 29 - Paranmeters and O her
Cohesi on Paraneters ed. A.F.M Barton, ss, 1991, The solubility

par anet er s oseminondusting |pyanfagned éh‘%feév%hlh@t@@ei'ﬁ”"tfﬂmsfoﬁﬁmg cation. 5lt

I s desirable ﬁQ&tctérﬂ,%cEEHrfa ’%tda\ﬂtéLMa@)f stdife bi nder has little dependence on
frequency. Tﬁl S Is typical of non-po materials. Pol ynmers and/ or
copol ynmers can be chosen as the binder by the permttivity of their

If an organic semiconducting layer formulation of high mobility is obtained

5 by combining a compound of formula | with a binder, the resulting
formulation leads to several advantages. For example, since the
compounds of formula | are soluble they may be deposited in a liquid form,
for example from solution. With the additional use of the binder the
formulation can be coated onto a large area in a highly uniform manner.

10 Furthermore, when a binder is used in the formulation it is possible to
control the properties of the formulation to adjust to printing processes, for
example viscosity, solid content, surface tension. Whilst not wishing to be
bound by any particular theory it is also anticipated that the use of a binder
in the formulation fills in volume between crystalline grains otherwise being

15 void, making the organic semiconducting layer less sensitive to air and
moisture. For example, layers formed according to the process of the
present invention show very good stability in OFET devices in air.

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

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

(i) depositing on a substrate a liquid fayer of a formulation comprising

25 one or more compounds of formula | as described above and below,
one or more organic binder resins or precursors thereof, and
optionally one or more solvents,

(i) forming from the liquid layer a solid layer which is the organic

30 semiconducting layer,

(iii) optionally removing the layer from the substrate.
The process is described in more detail below.
35 The invention additionally provides an electronic device comprising the

said organic semiconducting layer. The electronic device may include,



substituent groups. A list of suitable and preferred | ow polarity binders
Is given (wthout limting to these exanples) in Table 2: 10 Table 2

Bi nder t WiDcal2/d30689f r equency permttivity (6) polystyreRE€TEP3011/004076

pol y(a-net hyl styrene) 2.6 pol y(a-vinyl naphtal ene) 2.6 pol y(vinyltol uene)

2.6 polyethylene 2.2-2.3 cis-pol ybutadi2he 2.0 pol ypropyl ene 2.2
pol yi soprene 2.3

without limitation, an organic field effect transistor (OFET), organic light
emitting diode (OLED), photodetector, sensor, logic circuit, memory
element, capacitor or photovoltaic (PV) cell. For example, the active
semiconductor channel between the drain and source in an OFET may

5 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
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.

10
The semiconducting compound of formula | preferably has a charge
carrier mobility, p, 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™.

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

20 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.
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

25 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
with a permittivity ¢ 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

30 current hysteresis of the device, which is undesirable.

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.
35

In one type of preferred embodiment, the organic binder is one in which at



pol y(4- et hyl - 1-pentene) 2.1 poly (4-nethylstyrene) 2.7

pol y(chorotrifluoroethylene) 2.3-2.8 poly(2-nethyl-1, 3-butadiene) 2.4

pol y( p- xyWol2erdp1¢596 pol y(a-a-a'-a' tetrafl uoro-p-xylyl @6&)EP2014/004076

pol y[ 1, 1- (2- met hyl propane) bi s(4-phenyl)carbonate] 2.3 poly(cycl ohexyl

met hacryl ate) 2.5 pol y(chl orostyrene) 228 pol y(2, 6-di nethyl-1, 4- phenyl ene
ether) 2.6 polyisobutylene 2.2 poly(vinyl cycl ohexane)

least 95%, more preferably at least 98% and especially all of the atoms
consist of hydrogen, fluorine and carbon atoms.

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

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, o -methylstyrene and butadiene may

10 suitably be used.

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
156 determined by the ASTM D150 test method.

It is also preferred that in the present invention binders are used which
have solubility parameters with low polar and hydrogen bonding
contributions as materials of this type have low permanent dipoles. A

20 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.

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

The three dimensional solubility parameters listed above include:
dispersive (84), polar (8p) and hydrogen bonding (5n) components (C.M.
Hansen, Ind. Eng. and Chem., Prod. Res. and Devl., 9, No3, p282., 1970).
35 These parameters may be determined empirically or calculated from
known molar group contributions as described in Handbook of Solubility



2.2 poly(vinylcinnamate) 2.9 pol y(4-vinylbiphenYl) 2.7 WO

2012/ 031659PCT/ EP2011/ 004076 - 30 - Further preferred binders are

pol y(1, 3-woratyene&y and pol yphenyl ene. Especi al |y pref ePCEEP2IIE/004076

formul ati ons wherein the binder is sel_eﬁée_d from 5pol y-a- net hyl styrene,

pol ystyrene and pol ytriaryl am ne or any copolynmers of these, and the
solvent is selected fromxylene(s), toluene, tetralin and cycl ohexanone.
Copol ynmers containing the repeat units of the above polyners are al so

10sui table aﬁagrﬁ%@rﬁan%m&@d@sﬁ PhrdriétePPed! RiF. M. Baffon, GROVI ng
conmpati bili t% W t he corrp?ur_lds 0 ormula 1, nopdi f'¥| ng the rm(r?@hol ogy
and/ or the gPeass, 1PAsThe SOk dasametersof MRNY KewN PRYSICTeAB AR i on. 1t
wll be apprﬁé}géq,gq-ﬂgrp@bnb@tidme above table certain naterials are insoluble
in comonly used solvents for preparing the |layer. In these cases anal ogues
15can be used as copol yners. Sone exanpl es of copolynmers are given in Table
3 (without |itng tesigable thhethe meranifivig of ttRobindeahas littierdegendencepm yrrer s can

b d. It | i bl e t |
o5 e over alralEi SR I WPiseh of i Hidr leai PONBlers aFBRGEN.S B2 T ond
typi cal | ow topolymery cparhé ehasan gs (e bipdey pythe pemeittivity aftheibr oet hyl ene)

substituent groups. A list of suitable and preferred low polarity binders is
given (without limiting to these examples) in Table 2:

10
Table 2
Binder typical low frequency
permittivity (g)
15 polystyrene 2.5
poly(a-methylstyrene) 26
poly(a-vinylnaphtalene) 26
poly(vinyltoluene) 2.6
polyethylene 2.2-2.3
20 cis-polybutadiene 2.0
polypropylene 2.2
polyisoprene 2.3
poly(4-methyl-1-pentene) 2.1
poly (4-methyistyrene) 27
25 poly(chorotrifluoroethylene) 2328
poly(2-methyl-1,3-butadiene) 2.4
poly(p-xylylene) 2.6
poly(a-a-o’-a’ tetrafluoro-p-xylylene) 2.4
poly[1,1-(2-methyl propane)bis(4-phenyl)carbonate] 2.3
30 poly(cyclohexy! methacrylate) 25
poly(chlorostyrene) 2.6
poly(2,6-dimethyl-1,4-phenylene ether) 2.6
polyisobutylene 22
poly(vinyl cyclohexane) 22
35 poly(vinylcinnamate) 29
poly(4-vinylbiphenyl) 27




2.6 poly(ethylene/chlorotrifluoroethylene) 2.3 fluorinated

et hyl ene/ propyl ene copol yner 2-2.5 pol ystyrene-co-a-nethyl styrene 2.5-2.6
et hyl ene/\®0I912/8t659| at e copol yner 2.8 pol y(styrene/ 10% BCRAGIP2HGN0QT6

pol y(styrene/ 15%but adi ene) 2.6 poly(styrene/ 2,4 dinethylstyrene) 2.5

TopasTm (all grades) 2.2-2.3 O her3@oepol yners may i nclude: branched or
non- br anched pol ystyrene- 35bl ock- pol ybut adi ene,

pol yst yrene- bl ock( pol yet hyl ene-ran- but yl ene) - bl ock- pol ystyrene,
pol yst yr ene- bl ock- pol ybut adi ene- bl ock- pol ystyrene, WO
2012/ 031659PCT/ EP2011/ 004076 - 31 -

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

Especially preferred are formulations wherein the binder is selected from

5 poly-a-methyl styrene, polystyrene and polytriarylamine or any copolymers
of these, and the solvent is selected from xylene(s), toluene, tetralin and
cyclohexanone.

Copolymers containing the repeat units of the above polymers are also

10 suitable as binders. Copolymers offer the possibility of improving
compatibility with the compounds of formula |, 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
commonly used solvents for preparing the layer. In these cases analogues

15 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.

20 Table 3

Binder typical low frequency
permittivity (€)

poly(ethylene/tetrafluoroethylene) 2.6

25 poly(ethylene/chlorotrifluoroethylene) 2.3
fluorinated ethylene/propylene copolymer 2-2.5
polystyrene-co-o-methylistyrene 2526
ethylene/ethyl acrylate copolymer 2.8
poly(styrene/10%butadiene) 26

30 poly(styrene/15%butadiene) 26
poly(styrene/2,4 dimethyistyrene) 25
Topas™ (all grades) 292273

Other copolymers may include: branched or non-branched polystyrene-
35 block-polybutadiene, polystyrene-block(polyethylene-ran-butylene)-block-
polystyrene, polystyrene-block-polybutadiene-block-polystyrene,



pol ystyrene- (et hyl ene- propyl ene) - di bl ock-copol yners (e.g. KRATONO Gl701E,
Shel | ), poly(propyl ene-co-ethyl ene) and pol y(styrene-conethyl methacryl ate).
5Pr ef er r edlOi2oul3a¢59ng bi nders for use in the organi c serCtmrducioo7é ayer
formul ati on according to the present invention are poly(a-nethylstyrene),
pol yvi nyl ci nnamat e, pol y(4-vi nyl bi pheny3); pol y(4- et hyl styrene), and
TopasTm 8007 (linear olefin, cyclo- ol efin(norbornene) copol yner avail abl e
from Ticona, Germany). Mst preferred insulating binders are poly(a-

10net hyl styrene), pol nyl ci nnamat e_and pol y(4-vi nyl bi phe The bi nder
can al so be paystyrene- %/etbw%@ﬁdy@pvk@m&w@l%%%wymﬁ&ée 8.4 Rpé—(§3'§®at es,

epoxi es, Vi n@H‘?bﬁ‘ErSheﬂ)h'p@lﬁﬂ Tyﬂérﬁ‘e co@wl@m@t&nﬁ paN{stgrenesed-f i Ci ently |ow

permttivity, very re er g |'ess. The bi nder can 15al so be
nmesogeni ¢ orm?m}ﬁ l@?l ine. As rrentl oned above the organi c binder may
itself be a sem conductor in which case it will be referred to herein as a

sem cog ductl bi n i bly a

bi nder of & tlﬁﬂ}%{@g ﬁ.r&fg%erel n @%?r]oegﬁﬁges%nﬁéﬂg{gduuco?@ﬁé I;’inders for
use in the pfoemmnqnwmwdm tortbe gregent inantion arerasly (cametdetyranedcul ar

o & pr ef er b uinglarERiate, g e icf o) Wa"ﬁ@*”%'%%fé %%&"?"
seni conduct i hgpas nd%QO-/'p('E‘Ie@lrQ!ﬁfV‘ I‘?&%‘an H%grr\ (CORB mq't%)’a"ﬁb €f at

| east 10- ScnymlTicéna, G@ﬁih@nw Qﬂ@étq&bter%ﬁuhshleaag blfdersRd poly(o- A pref erred
cl ass gb sem con uctl n der n 8F rﬁ @Z hﬁﬁ@ﬁ%ﬁ? n US 6, 630, 566,
preferably amedhy 6‘3(1%’? OPOBBIWIL%? 3 ehé 88 1 orrrula 1. 30 Ar33
-+Arl-L-N Ar21 nl WD 2012/ 031659PCT/ EP2011/ 004076 - 32 - Aril, Ar22 and

Ar33 which . ggéstbefn&é}ecasrﬁgﬁo%e Qélé&]%Fﬁﬂ;m cmhﬁa%lbrﬁﬁ@é’@d% b\

di fferent tunits, an o é aromati ¢ gr)cggupthat IS
mononucl ear acryiriegneRMEES., V"aﬂﬁthﬂf% thiolengscefer, prefefablyhaviniadl y 6,

preferably ?g,#ienNi6w permittivity, very preferably of 3.3 or less. The binder can
15 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
semiconducting binder is still preferably a binder of low permittivity as

20 herein defined. Semiconducting binders for use in the present invention
preferably have a number average molecular weight (Mn) 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
has a charge carrier mobility, p, of at least 10°cm®V"'s™, more preferably

25 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
formula 1:

30

33
Ar

|
tattN—adis

35 wherein



preferably 15 and nost preferably ?.. 20. In the context of Aril, Ar22 and
Ar 33, a nononucl ear aromatic group has 10only one aromatic ring, for

exanpl e pwerryi2/3i6sphenyl ene. A pol ynucl ear aromati ¢ gr oRpTHRS011W4006 NOr €
aromatic rings which may be fused (for exanpl e napthyl or naphthyl ene),

i ndi vidually covalently linked (for exaBgl-e bi phenyl) and/or a conbination
of both fused and individually |linked aromatic rings. Preferably each Aril,
Ar22 and Ar33 is an aromatic 15group which is substantially conjugated over

substantially the whol e %r oup. Further preferred classes of sem conducting
bi nders are AndsAramdaAnT micumaybn the $ame ondiffpientl desptat units. The

semi conducting bi nder polndBHerdRitpf i ATRIBAOISERE Ak @p@mm (incl udi ng

a bl ock-copol yner) of the ne formul a C wherein
A B,. ,Z each represeftb §glh'¥%{)?r’9mﬂfﬁ grogpdh ?@'%’2‘ %ﬁ%uc'e?r each

25r epr esent the nol e frapblmcﬁart@@drespectl ve nononer unit in the

pol yme[j that is each (c), (d), .(z) is avalue fromO to 1 and the total
of (c)¥+ (d) Exanpl es of sui tabl e and preferred mononer units A B,..
.Z include upits 30of foﬁsrahmtﬂagebb\ﬂepa&fdraﬁlyEcﬁ,mnefaealﬁytZMQA moken bel ow

(wherein mis as definedj = = gigp Ra and Rb are
i ndependent|ly of each ot Iﬁ’ré‘fei’gég%lt (rigwn?%firﬁe% ‘@ - 5N(RARd) or
optional ly substl tuted al kyl, al koxy, t hi oal kyl, acyl, aryl, Rd and Rd are

i ndependent | y, ﬁﬂlé PLNAF SRIPEGhAAPY, %Unoﬁ@éleamaﬂdnyam@@m thgsed al kyl
aryl, al koxy f( t he

koxy or ther&og stltue Q
asteri d0 () 0§|Yaﬁ'9913é9rH?H ringy TQL fxampie PRENY Y qf\é{!ﬁfl?d.”h@° Mnu f8" t he al kyl
and aryl groypsmatie geotp basltvip drimore araheatic rings which may be fused (for

example napthyl or naphthylene), individually covalently linked (for
example biphenyl) and/or a combination of both fused and individually
linked aromatic rings. Preferably each Ar'', Ar? and Ar®® is an aromatic

15 group which is substantially conjugated over substantially the whole group.

Further preferred classes of semiconducting binders are those containing
substantially conjugated repeat units. The semiconducting binder polymer

may be a homopolymer or copolymer (including a block-copolymer) of the
20 general formuia 2:

A(C)B(d). .- Z(z) 2

wherein A, B,...,Z each represent a monomer unit and (c), (d),...(z) each

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

Examples of suitable and preferred monomer units A, B,...Z include units
30 of formula 1 above and of formulae 3 to 8 given below (wherein m is as
defined in formula 1:

35




20wherein Yis Se, Te, 0, S or -N(Re), preferably 0, S or Reis H optionally
substituted alkyl or aryl, 25 Ra and Rb are as defined in formula 3;

wherei n RyQ22R2/B6b9Y are as defined in fornul ae 3 and 4PCTAP2011/004076

2012/ 031659PCT/ EP2011/ 004076 - 34 - wherein Ra, Rh and Y are as defined
in formulae 3 and 4, Zis -C(T1)=C(T2)-533CC, -N(Rf)-, -N=N-, (Rf)=N,
-N=C(Rf)-, 10T1 andT2 i ndependently of each other denote H O, F, -CN or

| ower alkyl with 1 to 8 C atons, Rfis H or optionally substituted al kyl or
aryl ;

wherein

R? and R® are independently of each other selected from H, F, CN, NO,, -
5 N(R°)(R?) or optionally substituted alkyl, alkoxy, thioalkyl, acyl,
aryl,

R® and R? are independently or each other selected from H, optionally

substituted alkyl, aryl, alkoxy or polyalkoxy or other
10 substituents,

and wherein the asterisk (-) is any terminal or end capping group including
H, and the alkyl and aryl groups are optionally fluorinated,

15 RY R

* Y m
20 wherein
Y is Se, Te, O, S or —-N(R®), preferably O, S or -N(R°®)-,
R® is H, optionally substituted alkyl or aryl,
25
R? and R® are as defined in formula 3;
5
30

wherein R?, R® and Y are as defined in formulae 3 and 4;
35



25 30 wherein Ra and Rh are as defined in formula 3; 8 wherein Ra, Rh,
Rg and Rh independently of each other have one of the neanings of Ra and Rh
i n fornmlwo2012/0316sbn t he case of the pol ynmeric fornul aeprdespeobedioner ei n,
such as formulae 351 to 8, the polymersagay be ternminated by any term nal
group, that is any end-capping or |eaving group, including H WO
2012/ 031659PCT/ EP2011/ 004076 - 35 - In the case of a bl ock-copolyner, each
nononer A, B,...Z may be a conjugated oligomer or polynmer conprising a
nunber, for e le R°t ®PO, ofgethe units of fornulae 3-8. The

I raply 5includes: arylam ne, . fluorene, thiophene,
ional ly substituted aryl (for exanpl e phenyl ene)
groups, nore, er | gAthe, nost preferably triaryl am ne groups. The
af or ement i oned Lgr dups b& |inked by further conjugating groups, for
exanple vinylene. 10ln addition, it is preferred that the sem conducting
bi nder 5conpri ses a pol ymer (either a hono-pol ynmer or copol yrmer, including

bl ock- copol y{pfetein R?, R® 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)-,

10 T'and T? independently of each other denote H, Cl, F, -CN or lower alkyl
with 1 to 8 C atoms,

R’ is H or optionally substituted alkyl or aryl;

15 X
: . m 7
ates
20

25 Ra Rb

30

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
35 1 to 8, the polymers may be terminated by any terminal group, that is any
end-capping or leaving group, including H.



contai ning one or nore of the aforenentioned arylam ne, fluorene, thiophene
and/ or optionally substituted aryl groups. A preferred sem conducting

bi nder cownpropesi@9Ihono- pol ymer or copol yrmer (i ncl udi ngprtshireaii/ocmpel yer)
containing arylamne (preferably triarylam ne) and/or fluorene units.

Anot her preferred sem conducti ng bindeT3§0nprises a hono- pol yner or

co- pol ynmer (i ncluding bl ock-copol yner) containing fluorene and/ or thiophene
units. 20The sem conducti ng binder may al so contain carbazole or stilbene
repeat units. For exanple, polyvinylcarbazole, polystilbene or their
copolynmers may be used. The sem conducting binder may optionally contain
DBBDT segnenjrithef cisecafaarplakregpedymenidachanodemer Ah&.. fomaydyeral a 1 above)

to i tibi]i ] | o€ f . Vi

pref ot ad. seRpaoRae pldbrieh dep Q¥ sy Ui BUAR or BeliE 2 s8R0
fornul ati on atter dnitsgofi formiiaey3-&s dine samieandueting kinger preserapihhy| car bazol e)
and PTAAL, g, g{é)qéns{:];agw%hﬁfg@,?ﬁ;d?énéhﬁi&pweln@%ﬁeoBwu@sréree andRP optivh&nei n mis

as defrned in . ITcation of the sem conducting |ayer in

| or app
p- channel FESubstitutgdsaryb§pF ghp@pie,RheReNekeroMBRdTCre REFTBIAEr shoul d have
a hi gher i onisahinie, TReStEITefarhblytaanIAirkegioupsdUne iafgrepmmtionad of formul a

|, oth i t'he bi nd | e t . - teri th
ser conduct | AP EEY RerUutan Pkt e Eetine SUas ARy BRAAN LR (ype
sem conductor to avoid electron trapping. 10The fornul ati on according to
oh C o _ e . o
T i e i S

t her eof . Pr epelyen/(either aihamerpebimen erecopalunag intddingdledperRINer) oget her

in a solvent cBPt%ﬁhéu%é‘?ﬁhb% 8f thkbaforémeAfithat B8/IdMmes ALERINE( S) cont ai ni ng
t he conpound o or frul

] al and t EOé a%n%c blﬂger to,a substrate; and
optional Iy evhigphane ARd{aORtionaLY:sH %‘ Hiek YYHIRUDS) AcPrSfé(j c
' ducti isyductingiddencdmplives aheses rdri I i indludi
opt 82;5”5 g L{ﬁ*s‘i'g%a%fg? e 'p@:; tv@?‘}‘g'ﬁ éﬁﬁ&?ﬁ?};ﬂ}%‘ﬁs{‘?me
fromthe sol %&“ﬁ‘aﬁ%ﬂ?ymﬁ S éﬂa'(ﬁ % s@n}e nt may E)erg singl e sol vent or
t he conpound flubréme unitsy Ancther prefeed samicandugting lindercomprsesiasol ved in a
" I o ; . " .
the- compoundCHIR eSS na-g“&xﬁf‘%?%é%?ﬁ%b%&?*’y e SR8 ol Vi ng @

conpound of fluorene and/or thiophene units.

20 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.

25
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
30

OC
s O C



formula | in a precursor of a binder, for exanple a |iquid nononer,
ol i goner or crosslinkable polyner, optionally in the presence of a solvent,
30and dep¥®i2012M316she m xture or solution, for exanpl e bPCHIEPRIINGI403Pr ayi ng,
painting or printing it, on a substrate to forma liquid |ayer and then
curing the Iiquid nonomer, oligoner or-8Posslinkabl e polymer, for exanple
by exposure to radiation, heat or electron beans, to produce a solid |ayer.
If a prefornmed binder is used it may be dissolved together with the
conpound 35of forrmula | in _a suitable solvent, and the sol ution deposited
for exanpl e whemippnigasssinedin forsalatting or printing it on a substrate to
forma liquid WD 2012/ 031659PCT/ EP2011/ 004076 - 37 - layer and then
removi ng the_solvept to | eave a solid.layer. 1t wll reci ated that
sol vents areF@h8ER C%ﬁﬂ”cﬂfe@Pesea%'F8”%°‘m IgyeLio %\ét'ﬂn?%jz%ﬁgdte' and the
conpound of Hesinalble that tnedsethicondugting bindposhouldrhavearhigher salisatiaon bl end
gl ve a5coherenhﬂ(]||%fl ﬂfén fes rh@%fﬁuc é&%b@uﬁ&”o‘(?d}ﬁﬁné?,rotHQRNiQéEH@r or the
a e determ b

conmpound of P8 can preparing a ‘contour diagram for
the material basletesay fasgrhple trapevinverehanrel sederials the searerREctiBgi on at

which the m ’E)HHC?? SHoluld Hﬁv@!ﬁ%&ygéctra-ﬁlﬁmg%émhé A-tisél eEmicoriustdtaovar i ety
of solvents as described 10in the ASTM nethod. It wll also be appreciated

that in accol¥RifcRleRiroR tEaPINg-esent invention the fornul ation may al so
conprise two or nore conpounds of fornmula |I and/or two or nore binders or

b appi'ea t 0o ottt I RTeset i BRBR A Br g Spa BB o g ¢
sol vent s i nclpndesssmvhivhutorhpmsesat i on, di chl or omet hane, tri chl or onet hane,

monochl or obenzene, odi chl orobenzene, tetrahydrofuran, anisole, norpholine,
t ol uene, o- x\i)endirstaoixing a €eapPpind ofdaenula land ax grganie bEds&r a

met hyl et hyl ket on , e BbOREtdiane thd mixihg tdonseHsasant e two
1,1,2,2-tetrachl rr(e)é’t”%gae, chif‘gﬁé acet 9 xihgdonfhi i)

te, n- bLft%/ﬁ. a&rt ate,
di met hyJ f or mani d€OMPIRGNS MR SONERERTSANGNMBIYE; tetralin, decalin,
i ndane d/or,.m xtures thereof. 25After .the appropri m_Xi gei ng,
sol utions ar é")evaﬂﬂPé\f'Bgltﬂé% SB&S”H?)S?%taF‘HI‘Q @‘ﬂ g%"@@f%@éﬁoé@m%gﬁﬁ&g?é
sol ution, bor derldrganiedindérdo asubstedeudhd oplivreallycvaparatingithel s drawn to
outline the sol uhj|i I, i Ay VAN I
sol ubility and |%s°$\%éur%ﬁ9?§?}6% %éﬁ@%‘ﬁ'@%?é?&“eﬁ‘?@égbﬁl'%%%‘é‘%@ﬁ?‘%‘ﬂﬁﬁ%
sol ubility area dhe psesenitdReentianom |iterature 30val ues such as published in
"Crow e J.D., Teague, G S. Jr and Lowe, J.W_Jr. Journal of Paint
Technol 4y, 3&) randioptionziy remeyBg thesgligdavenfremdie sHpstiaterdbeysed and

can be identified putrd@sfbhPe@ ddlid |Spdvents, WH. Ellis, Federation of
Societies for Coatings Technol ogy, p9-10, 1986". Such a procedure may | ead
to a blend of 'non' solvents that will dissolve 35both the binder and the
conmpound of fiargtep &) the abiveotighyitte a sindtes solabhteort thelmepaind effermalee true
solvent in a |ba|rwed191e organic binder may each be dissolved in a separate solvent

25 followed by mixing the two resultant solutions to mix the compounds.

The binder may be formed in situ by mixing or dissolving a compound of
formula I in a precursor of a binder, for example a liquid monomer,
oligomer or crosslinkable polymer, optionally in the presence of a solvent,
30 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 compound
35 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



WD 2012/ 031659PCT/ EP2011/ 004076 - 38 - Especially preferred solvents for

use in the formul ation according to the present invention,

with insulating

or sem comguoidmgesbi nders and m xtures thereof, are xyl egeErro1iiodonene,

tetralin and o-dichl orobenzene. The proportlons of binder to the conpound
of fornula | in the fornulation or |ayeB7according to the present invention
are typically 20:1 to 1: 20 by weight, preferably 10:1 to 1:10 nore

preferably 5:1 to 1:5, still nore preferably 3:1 to 1:3 further preferably
2:1 to 1:2 and especially 1:1. 10Surprisingly and benef|C|aIIy,

dil uti on of

t he conpoundlayeroditbea remayinthhesselvent tadgavsea sofidiavert bWihbB 1ittle or no
detrimental eppRiciated thaﬁs&lbéﬁﬁearmwolseh»wmma?@abrea@tdlésbw@@btww d have

been expecte romthe prior ar

it has furthBindsE@mnds GchPW‘Pn%‘E”‘i HE%%‘P@%@@" whig

i rrprovsd nobility values for electronic devices such as OFETs.

conten

nce. th the
Hdpgriaie

p@{) sen{ i nvention

O the
organi ¢ sen gangoiction®léry givef @cohem@nt defact freedayer. f act or i n achi evi ng

The solids
of the formulation is commonly expressed as follows: 20Sol

i ds

cont ent CYO Suitablexd@ifentstfor thehbindenonthe eeropound ebfgsouwiall eganbermula 1, b

mass of bi ndgg téarﬂq?gd bg{ﬁééaﬁﬁ9 %Oédfﬁé‘%r dlégfg?ﬁ’ f&othgﬁwzafé‘figi gé‘gegénﬁ&f
aglonéﬁtwnlpb A mixtyee %@ﬂ%

formul ation I'S

by weight. in P&TMM@I"@@IQ 3334 aéé'f‘i%FPB‘F%ﬂtf

5to 5%
®und of

formula I' inddifop édl‘d'ﬂ'ﬁe hrgehgias adaeddo towidevaariety bf soloentsasliéssibedn t he
charge bi llt¥%ﬁ§3ﬁ éeast to what woul d have been expected fromthe

pri or a

ording to the present invention can al so be

used in mxtures or bl ends, for exanple together with other conpounds

havi ng char gitt ﬂl gg]gﬁg%arpq%sg‘ﬁféwmé@ il Qgcor%ﬁﬁé Wi dtﬁ%bla??r&é’é}qqﬁ%ﬂﬂm the

35phot ocondu t1ng semco
anot her aspedornotilatine nnawem@linpr@%mq Bose ﬁpmnmuedéro

mfmidad@ﬁ\s{

two or more binders or binder precursors, and that the process for
15 preparing the formulation may be applied to such formulations.

Examples of suitable and preferred organic solvents include, without
limitation, dichloromethane, trichloromethane, monochlorobenzene, o-
dichlorobenzene, tetrahydrofuran, anisole, morpholine, toluene, o-xylene,
20 m-xylene, p-xylene, 1,4-dioxane, acetone, methylethylketone, 1,2-
dichloroethane, 1,1,1-trichloroethane, 1,1,2,2-tetrachloroethane, ethyl
acetate, n-butyl acetate, dimethylformamide, dimethylacetamide,
dimethylsuifoxide, tetralin, decalin, indane and/or mixtures thereof.

Qrsi ng

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

30 values such as published in "Crowley, J.D., Teague, G.S. Jr and Lowe,

' J.W. Jr., Journal of Paint Technology, 38, No 496, 296 (1966)". Solvent

35

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



- 39 - one or nore conpounds of fornmula |I and one or nore further conpounds
havi ng one or nore of the above-nentioned properties. These m xtures can be
pr epar ed W9 200386591 onal net hods that are described i n pCroP2@nowned known
to the skilled person. Typically the cogpqounds are m xed with 5each ot her
or dissolved in suitable solvents and the sol utions conbi ned. The
formul ati ons according to the present invention can additionally conprise
one or nore further conmponents |like for exanple surface-active conpounds,

| ubricating agents, wetting agents, dispersing agents, 10hydrophobing
agents, adhesive agents, flow inpraqvers,. defqam .agent s, .deaerators,

di | uents whi Eﬁpﬁﬁﬁﬁ}ﬁé’rﬁ%g@f’i %v%ﬁs %rnuﬁﬁ‘cd'?‘la&@fm‘glg;!?l ALPPIEINg {h&JI’ ant s,
dyes or gi ngBfébsl‘ént ﬁﬁmitibh,zwitﬁ,in&l‘lllablhd; or eemicamaiuctiag birdees aod rhixlhirla'st ors.
151t is desifable to geperate [ S i ] croel ectronics
to reduce co er?%laée%g |n§2%)/ ttfﬂg?”ér%&f%%ﬁé%%@ﬁ@%@%@%nﬁ'i on. Patterning
of theblayer of the invention may be carried out by photolithography or

el ectron bearyid BRGHBALGF the A6 tHe CORIJIUNICYr BRI IGn e Fdrhllafiolevi ces

such as fi el ransi stors i s nore desirable th%g)hvacupm deposition
techni ques. Uhiayesaeapting 4@ ths prasenpirveahen AR biiGally b0 d:44hBY use of a

nunber of 'i%i?\t(} alferbly a0MMiciias. mafeprefgrabiycs dasitcortiianhere | ayer may be
i ncorporated I n

o th nal, deyi ce strycture, by, for exa e, gnd w t hout
limitation, @F¢ferRRlY i%h‘gio %&ﬁi%%%ﬁtﬁﬂj’ﬁy 2nﬁtﬂ i’? %4%?9?@‘” g}t er- press
printing@ sckeprigingytantbendefidially, lilatien obtiei cagnpound ef fopmiutd | imthe
reverse-roller printi | | | I
printing, m‘g)lrbchrrnqsn%%ns%ﬁg?et ](i:)oHaetvitequ?é g?ﬂék&?&@%b%egr&gﬁg&f%@ﬁg The
present i nvemokilityi & gentrast i aviaj weulld ABve beep expecied fspnithe ddior ag- t he
organi c sem conductor layer into the final device structure. 30 Sel ected
formul ati ons of the present invention nay be applied to ef apri cat ed
devi ce subst fa@esoliancavifipthepresenhipveption Emﬁgﬁeﬂ%%ﬁww@é‘ﬁgﬁey
i ndulst r1i?lb PilE7 f @6 éblﬁ-‘dsﬁtd)rﬁtbﬂhmﬁé l:ﬁgﬁhic&%nﬁd?ndlﬁtinbi layérefdrraldtions e
supplied by Aprion, Hitachi-Koki, .|lnkJet Techno T .
35Technol ogy ! P'S&ﬁ' @9‘0@6&%’%‘{'”%."?8%% d ﬁg'ﬂ&%ﬁjg%%f‘t?s%%&[%%SSV&WF he
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wherein a = mass of compound of formula |, b = mass of binder and ¢ =

mass of solvent.

25 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
30 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,

35 photoconducting and/or light emitting semiconducting properties. Thus,
another aspect of the invention relates to a mixture or blend comprising



5In order to be applied by ink jet printing or mcrodi spensing, the m xture
of the conpound of formula | and the binder should be first dissolved in a
sui t abl e WOI20E3165%0] vent s nust ful fil the requirenent s PETAIP2U 14MTE and
must not have any detrinental effect on the chosen print head.

10Addi tional Iy, solvents should have bo89i-ng points >100C, preferably >140C
and nore preferably >150C in order to prevent operability problens caused
by the solution drying out inside the print head. Suitable sol vents i ncl ude
substituted and non-substituted xyl ene derivatives, -Cl_2-al ky
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boi I'i ng point >100C, nore preferably >140C. Such sol vent(s) al so enhance
filmformation in the | ayer deposited and reduce defects I|n the | ayer. 35
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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,

25 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.

30
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

35 Technology, Picojet, Spectra, Trident, Xaar may be used to apply the
organic semiconductor layer to a substrate. Additionally semi-industrial



In the sem conducting | ayer of the present invention there may be used two
or nore different conpounds of formula |I. Additionally or alternatively,
15i n the WO RA3tet i ng | ayer there may be used two or ROT&EPRYIGAMOE6 bi nder s
of the present invention. As nmentioned §ove, the invention further

provi des a process for preparing the o?g ni ¢ semi conducting | ayer which
conprises (i) depositing 20on a substrate a liquid |layer of a fornulation
whi ch conpri ses one or nore conpounds of formula |, one or nobre organic
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charge trans processes for aligning the r include those
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or layer in gl eskyRniinediidcsthel gorirpited loathlvninatyd donistisd. as a hi gh
nmobi lity sem conducting material in various devices and 1l5apparatus. The
formul ati on may be used, for exanple, in the formof a

A preferred solvent for depositing a formulation according to the present

20 invention by ink jet printing comprises a benzene derivative which has a
benzene ring substituted by one or more substituents wherein the total
number of carbon atoms among the one or more substituents is at least
three. For example, the benzene derivative may be substituted with a propyl
group or three methyl groups, in either case there being at least three

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

30 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.

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



sem conducting layer or film Accordingly, in another aspect, the present
i nvention provides a sem conducting |ayer for use in an el ectronic device,
t he | ayerwOenti3sisng t he fornul ati on according to the i RCEMPR@N00MAe | ayer
or filmmy be | ess than about 30 m cr_ogi._ For various el ectronic device

20appl i cations, the thickness may be le than about 1 mcron thick. The

| ayer may be deposited, for exanple on a part of an el ectronic device, by
any of the aforenentioned solution coating or printing techniques. The

conpounds and f or i j t Ni A i 25usef ul
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el ectronic, electrolum nescent or photol um nescent conponents or devi ces.
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el ectrophot ograPhi ¢ recordi ng devi ces, organic nenory devices, sensor
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light emttin I ode (OLED). for exanple a e or electron injection or
transport | aydERrthe Ié&??@'?hﬂ%?éé@%ﬂfyq'%ﬂj@rqe %8#18%8@?’3& or, cheni cal
detector, photovoltaic cell (PVs), capacitor sensor, logic circuit,

di splay, mengry, device . | i f J y al so
be used in gﬁ%ﬁ"? 85“‘6?06@%8%%\(%@1%%%2?%&3?% ﬁgﬂé%&%{)ﬁ%g@%@%%&wl ation
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versatility of ‘manufacture. I nproved charge carrier nmobility of the
conpound or foindemsAafited PEESaMdYFRI®BNt | nvention enabl es such devices or
apparatus to operate faster and/or nore efficiently. 15Especially preferred

el ectroni c device are TS EDs and devi ¢ in rti cul ar bul k
het er oj unct i di¥ m@we&%&a& %s'nv?ﬁt'%%f“%&gseﬁﬂgg%s 1!toﬁe active
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I nvention IS yhereof and optionally one or more solvents, and (ii) forming from the liquid

layer a solid layer which is the organic semiconducting layer.

25 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.

30
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

35 direction of charge transport. Suitable processes for aligning the binder
include those processes used to align polymeric organic semiconductors



preferably used in a formul ation that conprises or contains, nore
preferably consists essentially of, very preferably exclusively of, a
p-type 25¥eletyessiddonor) sem conductor and an n-type (@CEFPRON/004CEPt Or )
sem conductor. The p-type sem conductor is constituted by a conpound
according to the present invention. The4d-type seniconductor can be an

i norganic material such as zinc oxide or cadm um sel enide, or an organic
material such as a fullerene derivate, for exanple (6, 6)-phenyl-butyric

aci d 30net hyl ester derivatized nmethano C60 fu I own as " PCBM
or " C60PCBM anchereifiesgrinadiin piiorarh fpr example '“Mé%\p%g@ﬁ‘%%%d& ‘Hummel en, F.
widl, A.J. Heeger, Science, 1995, 270, 1789 and having the structure shown
bel ow, or an_structyral anal ogou ound with.e f | I erene group
(C70PCBM), ofhaf %H"ijﬁ%?“ asER %ﬁ‘fﬂ%ﬁée%'gté%‘g&m fan %99@3% McGehee, M
D. Chem Mat@csm rigd Ofhe ernoféSBBl)hercomp@nents(]ﬂ@@lelerTmi@fserfaeel-anaver|aI of
this type is_a a g to the
present inve ?mBRUWg? ﬂ%%gg% ?’Sﬁﬁgﬁ%@ﬂ%@g sﬁ‘fg‘:%’é%\ FI erene |ike
PCBM Pref er awrpphbbmgaagemac@tmesw paeetsellow impseners.1defgaming ggents; ght
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per formance. pihyRrORNe devd C@tﬁl@!@tsf gensitiaen| stdbilizefs almiylbttgrfse ckaipwn from the
liter ai;lBre [s Phys. Lett., 2006, 89, 2335171.
t
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el ectrons. A sec erre ce acc t.o the invention is an
i nverted OPV ta%\?l?‘?fé |0@89ﬁqllg§§1 coatlng or pnn?lng teghmque

The compounds and formulations according to the present invention are
25 useful as charge transport, semiconducting, electricaily 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
30 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
35 thin layers or films.



a low work function electrode (for exanple a netal, such as gold), and a
hi gh work function electrode (for exanple ITO, one of which is

10t ranspawermi2/o3gsPayer (also referred to as "active | apem/EP2@optrei ng a
hol e transporting material and an el ectron transporting material,
preferably selected from OSC materi al s;48i-t uat ed between the el ectrodes;
the active |ayer can exist for exanple as a bilayer or two distinct |ayers
or blend or m xture 150f p-type and n-type seni conductor, form ng a BHJ,

an optional conducting polyner |ayer, for exanple conprisi a blend of
PEDOT: PSS, sFeuaxaaplssthe samnesindcn foemuiajiep maybesed A3 %&%@rpﬁﬁﬁm on

el ectrode t ojnps ANiddSHER tRIHSIStof FR Bcfor ERampleas tansemicondeptingnal coat i ng
(for exanple of TiOx) on E.he si\d;tle of.theﬁm%ﬂfzworkf nctian el gctrode
facing the athgRRe! %{%",‘C ightgrpfingdiodediih c8ﬁFé§?‘p?l%?sﬁ‘ A€ °F ' the opv
devi ces of tbrchoadnjection\cettanspuriayarorndlectplumieessedt layeype seni conduct or
materigals are f Y. ect er] ' 28 the p-type
conpouﬁd/ful PQS@%&%@Q&@P};%%%I eggo?’[}}ewg%g\%sﬁ%lﬂwsj’ E.E?%?g'? is a blend
an optional semser lagic sirewt.displae. meowsy sieyiceranshiienikee TheviampY#id or mance.
The compoundor f3hflithifr Rfzy3Ado bYRiedh dib@raRIESaphRYER) AipaAatisal SO

30suitable for use in an as the sem conducting channel. Accordingly,
the invention al so provides an OFET conprising a gate el ectrode, an

i nz ul ating ( qhe&airwepémngbafo?ﬁmld#mreieiprafewuwcs;@nﬁloemmd@ to foreit ailayeal ect r ode
and an _argani c_sem ¢conducting,.channel. connectin rain
el ect r dles, \%gﬁ’éi'%ﬁl%%%&@&ﬂpen%%9183'8%L?(Etaiphar%HgEéﬁgF&@%%%g%&gggg
35conpound, fmeostiaid versatilityraf amarmufaeture. oflur thproyed hargeacawied imaepility t he
present inventi,o f : those WO
2012/ 031659P h%%%?ﬁbﬂ&?@w“?é““ of I fgsEnPhizchion ohERER afn N0°0 | Bec
material is devioegal appasatusita operatedasineandiorgaere effieleslyric and a drain
and a source el ectrode, are generally known, and 5are described for exanple
in US 5,892,244, US 5,998,804, US 6,723,394 in refer es cited in
t he badikgr oursPestlly frefegd elgclrpRic dRyIHa %@e@FEITFkQ %%ip%;}?oduct i on
usi ng the soldeRiddst h pariealar batk béterdjanctiom(BHidsOBVdevitesy In ant®EETnvent i on
and thus the processjbilify.of f f [ i ons of
fhese FETs bl Sramb ks et eell FBaptiorEpgneidgrhifs ha - 000, 0
appl i cat i ons.source may comprise the layer of the invention. As another example, in an

OLED device, the charge (hole or electron) injection or transport layer may

20 comprise the layer of the invention.

For use in OPV devices the polymer according to the present invention is
preferably used in a formulation that comprises or contains, more
preferably consists essentially of, very preferably exclusively of, a p-type
25 (electron 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
30 methyl ester derivatized methano Ce fullerene, also known as "PCBM" or
"CsoPCBM", as disclosed for example in G. Yu, J. Gao, J.C. Hummelen, F.
Wudl, A.J. Heeger, Science, 1995, 270, 1789 and having the structure
shown below, or an structural analogous compound with e.g. a Cy
fullerene group (C7cPCBM), or a polymer (see for example Coakley, K. M.
35 and McGehee, M. D. Chem. Mater., 2004, 16, 4533).



The gate, source and drain electrodes and the insulating and sem conducti ng
| ayer in the OFET device may be arranged in any sequence, provided that the
source amdodnem3i@bect rode are separated 15from the gat ecelrredmnoo®7dy t he
insulating |l ayer, the gate el ectrode ang t he sem conductor |ayer both
contact the insulating |ayer, and the s ﬁfce el ectrode and the drain

el ectrode both contact the sem conducting |ayer. An OFET devi ce
according to the present invention preferably conprises: 20- a source

el ectrode, a drain electrode, a,; e el ectrode, a sem conducting |ayer,
one or nore gate insul ator Iayers‘\zsl optionally a substrate. wherein the
sem conductor | ayer preferably conprises~a eaqnpoted or fornul ation as
descri bed above and bel ow. 30The OEEE-O ‘an be a top gate device or a
bottom gate device. Suitable strugt aqd mEhuf acturing met hods of an
OFET device are known to the skifil 8@ art and are described in the
literagure, for exanple in US 4 f
2012/ 031659PCT/ EP2011/ 004076 - 4
deposited, e.g. by spin-coating\ Mocts
dip coating or other known nethodst_fremia fornul ati on conprising an

i nsul ator material and one or nore ?ﬁ%Znts with one or nore fluoro atons
(fluorosolvents), preferably a 5perfloopegmvent. A suitable
perfluorosolvent is e.g. FC75(r) (available from Acros, catal ogue nunber
12380) 4o her suitable fluoropolyners and fluorosolvents are known in prior

art, like foa prefamee nidterinkoffthisotyppds pridersd defrixtore’s{ an até0@ or 2400 (from
DuPont) or Fl uoropel ( r ' ) r % (r)
(Acros, No. f?@?ﬂ%ndl%%gé@ggg})%é %?ée grtﬁvftng';agggﬁrgélr@8%3:é@g@ .rn?lge égt erials
havi ng a | ownpadified fullerene like Pd:BMe Prefecatdy thearatio agenerfullereng is fomvyery
preferably fr ight( oW dfeRPASY Fdh$ 1)2:1 38 191 3 Byas&dhi, thostxanpl e in
us 2007/0102&3?%@20%9@@? 095 ?:E‘Affe y . .yQﬁ ¢ .
15 preferably 1:1 by weight. For the blended mixture, an optional annealing
step may be necessary to optimize blend morpohology and consequently

OPV device performance.

. WO
2}y the gate insulator |ayer is
gdi ng, wire bar coating, spray or

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

20 [see e.g. Waldauf ef al., Appl. Phys. Lett., 2006, 89, 233517].

A first preferred OPV device according to the invention comprises:

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

- 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

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

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

25

35



151 n security applications, OFETs and ot her devices wth sem conducti ng
materials according to the present invention, |ike transistors or diodes,
can be uswo 2h03RFPD tags or security markings to aut herCiraeb@i1angd7@r event
counterfeiting of docunments of val ue I_igg_banknot es, credit cards or ID
cards, national 1D docunents, licenses or any product with nonetry val ue,
20l i ke stanps, tickets, shares, cheques etc.. Alternatively, the materials
according to the invention can be used in OLEDs, e.g. as the active display

material in a fun%hoﬁ%@étrdﬂesw &bvﬁ)@érﬁ 6ﬁm.@e§ntaeffoa$1d@sckl ight of a flat
panel display l'ike e. 'g@uder crystal %-é'%éﬂ n, OLEDs are

real i zed usmgawpilpf‘%'y"é?a t pI eqf ngﬁrﬂo ¢ OWeneral I y

sandw ched bet\W@ﬂ(fuﬁaﬂ)rpélmeeéhengrtb@abtlwmer ttogrrdviderarhohmid r anspor t

| ayers. By appl n ectric voltage el ectrons and hol es as charge
carriers nove ?%WQEH% teﬁ e nSSSI on | ayer where their reconbination |leads to
the exbitati on and hence | um nescence 300of the |unmophor units contained in
t he em ssion Rﬂ'ﬁgz&'meq y be
enpl oyed in én%@?‘drpgg?er%y Vaﬁ\greereg&tegans E)rt |2¥§}r‘§°§ﬁd7ﬁ vaftﬁa?he

em ssion | ay®FV devm@mrﬁgr%s t he| r electrical and/ or optical

properties. Fu t&ﬁfvvakefuhst%ﬁelé%ﬂouet(mr@x lémrﬁéwrsdoﬁy@g blﬁ)ﬁéﬁlﬁél all'y
advant ageous, |f t he c E—F i?ecﬁ als 3 ar?.ﬂ Bm Ecg |ng to the
i nvention shomh@%‘ﬁ’?%ulﬁ‘ IQRE {T%ﬁr{f)?f& 9 A% EWEICBnpri se
el ectrqQum nesgaRépdreptps or conpounds. The
2012/ 031659PCT/ PZO? /08 {6 érlrg oSl t af Il as
the processing AgRYE a{s{,ﬂ)rg r’r%(?l(t)onersl %ét ﬁgéﬁgw’?‘%g% gr]bFr?e %@gb(ﬁ?r%%ﬁnds or
materials for Meuamnmaaemmmstrg@&mm wata@amptgfe@%esgbﬁt@fwmed in
the art, see, ?O%C rg%%h!a% sRbdted b@n tﬁ@bf@c‘&odggoﬁe ééﬂde]!éﬁer Arcal a, J.

2 124-7128 an

App! . Phys Iterature ci erein.
According to agxishér exampletas @rgtlquré}rstwgcq;gtmﬁt?@/qrgo[rM@q AN

especi glg y tho%¢ @Ilalﬁg rptgqjeogelmcaaaget@t fprrﬁtmgré Bekrl, may be enpl oyed

terial f di EP
0 10889 350 A a@rorﬁ afngadmeRet TP Sl S pAgulosahhass, L1, &
aspect of the iRE{etDtrthrsihmted between the activexiayesand thellavedoded f or m of
th d : f elect
Fosultarin 1 o AAesH §Bchoas B Brovide Bhichfvio chiiet drdiscng® 1 O &1 €T OO
conduct i vity.- T eptimal ocamg (fﬂr exposle ef Tl@xb@ﬂﬂmsﬁl@p%fﬁh@ highyi t abl e

d t d t, e.g.
o YOI SR e o e

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

25 the p-type compound/fullerene systems, as described above. If the bilayer
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

30 suitable for use in an OFET as the semiconducting channel. Accordingly,
the invention also provides an OFET comprising a gate electrode, an
insulating (or gate insulator) layer, a source electrode, a drain electrode
and an organic semiconducting channel connecting the source and drain
electrodes, wherein the organic semiconducting channel comprises a

35 compound, formulation or organic semiconducting layer according to the
present invention. Other features of the OFET are well known to those



The doping process typically inplies treatnment of the sem conductor
20material with an oxidating or reducing agent in a redox reaction to form
del ocal i swd 20mmi3csseentres in the material, with the corpresmreaiingo76
counterions derived fromthe applied dopants. Suitable doping nethods
conprise for exanple exposure to a doprA§ vapor in the atnospheric pressure
or at a reduced pressure, electrochem cal doping in a solution 25contai ni ng
a dopant, bringing a dopant into contact with the sem conductor material to
be thermally diffused, and ion-inplantantion of the dopant into the

seni conduct oskitgedn the artwien el ectrons are used as carri ers, suitable
dopants are for exanple 30hal ogens (e.g., 12, d2, Br2, I1C, 1Cl13, IBr and

| F), Lew i . 0. PE E .bF5 BE | C S3A) ,
|F): olents adiiepl et LB ReRen draBhiy -6 din FbEN I 800 500,
HCl 04, FSOBHdiwldctacSodH-h drainaarsd aisourqmelabtrcdﬁrmrerme(rdl)gknomcarﬁi FeQC1,
Fe(Cl104) 3, F 0 | Cl 5,
VoS Phai 5 S58 deRcgd (o1 SpainelR IS, ;f 44,05 590886; STk 20,363
anions (e.g. anﬁl in theceferenaes cited @Cﬂl’eb poun wlon(p@l@_to tml PF6-

AsF6-, SbF6- a?u s, I|u I&P%Bép&%ﬁﬁaﬁ’éﬂ- (JEB%QFI&/S@Q}HM? propétties BR(KR) 63-,

and anl ons ofa var n| c aci oI es are
used as carrlwo@%ﬁﬂ% @9*865%#&\@9"3' aé‘gtsth gh? aref ssmmqyﬂg@rg R+, Rip+
and CS) al k%)drfa@éhaﬂ)r"efér@e@apphd:atldﬁa otheﬁFE&'BdaréSS)Jchaisl«ategnateelarth net al s

e0 . (N2 SbC16-
N02+) @M )C"CHBME?T ﬂﬁPP&‘f ”%%?W%k’p@%gfﬁ%so(zooss)zg (Eu o)

acetylcholine, RIN+, (Ris an alkyl group), R4P+ (R is an al kyI group),

RoAs+ (R 1s rg‘;égﬁél sgﬁrf%éo%nd R %?e%frcfd@s'%ﬂﬂe%ﬂ%tngq‘é%) The conducting

form of the co unds esent i_nvention can Oused as an organic
"metal " in amﬁmlcaﬂd@ﬁmg ||$<Yﬁ[|t!ﬂ thg, ObET deyice maythe@randehBY Y i nj ecti on

layers and | TQRlcABA! bdvitied Bisttise smr@e@min @l@btroaé,arélsbaara‘t@d flat

ibet r 150 a{f?erﬁ@ﬁ'ﬁtgo > eiecoie B renaednBhe Bveb PR st SRR R | oy e
circuit boar d&mﬁdndoddelmrbotriﬁoﬁ’daet thenipeulatisg fayerf amdrtheaswme accor di ng
7 L1 Presenl ek RLREL i B Ao Ul o o B )

pl asnon- eni t t$f§ or éxa Ei et al.
Nat . Phot oni cs, 2008 2, 684. . 20According to another use, the materials

according to AH%@E?%@Q&e‘éBé%’f‘&lh@'io‘fi‘?é‘p%ér'ﬁﬁﬂeﬁh@ﬁ%r@ﬁéré&ﬁ%bhﬁfns@st h ot her

materials in or as all rs in LCD or OLED devices, as described
for exad®le |ﬂaUSUB@0@P9@Q<i@-13 The use of charge transport conpounds
accordi ng to !herRnheseittodglvention can increase the electrical conductivity

of the alignnent 25IF1 ? When used in an LCD, this increased el ectrical
conducti vi ty cagate electrode,

- a semiconducting layer,
- one or more gate insulator layers,
25 - optionally a substrate.

wherein the semiconductor layer preferably comprises a compound or
formulation as described above and below.

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

35 The gate insulator layer preferably comprises a fluoropolymer, like e.g. the
commercially available Cytop 809M® or Cytop 107M® (from Asahi Glass).



reduce adverse residual dc effects in the swtchable LCD cell and suppress
I mge sticking or, for exanple in ferroelectric LCDs, reduce the residual
char ge prworeedsssst he switching of the spontaneous pol &Cirgzeéiomownar ge of
the ferroelectric LCs. Wien used in an OLED device conprising 30a |ight
emitting material provided onto the alifAment |ayer, this increased

el ectrical conductivity can enhance the el ectrol um nescence of the |ight
emtting material. The conpounds or naterials according to the present

i nvention havi ng nesogeni c or gui d crystal line prpperties can form
oriented aniBeafewhly. the pate %Ul?é%rclﬁyﬁ%ﬁ iﬁ?&?gegvﬁgcﬁgépg €M al 1y usef ul
3533 al i gnmegéctbawmng Q/viré(ﬂ:laceoanng?rﬁmayer d[lg gatingt ori sther knowind cryst al )
medi um provi ont Q_sai 1o ing to the
U6 2012 031685 7GRNy HIon RisofsibTanify BBl thodid) B6ESHEISD

conbi ned wi t mopécbbiesdsravithsere er oo fuatsatonty W%@ﬁdvmﬁﬁbrpégfeﬂ@bMﬁse in or
as phokoal | JBIBLbEHEER:, ASILBISPERRRraDIENII0H GRS foy SIRBRINEHNT 1O

al s accordi e presen |nvent|on especi al l'y
their wat er - Aerashicatalegue Aumkey Q%O)Qm%lsé‘ taplerlussprRelYBers 8Rfc si de

grgups)lOrf'ﬁagfbt%bi\%érﬁ@a%ikﬁéwﬁﬁn pfidnaRelier @xathpis tiedheri cal sensors or
materil al s or etectin SC e e U ar e
descri bed f oPCElRPRY q-egﬂarf(#(%‘%&b Q\/%Iém qu rfbf@@a%}‘ Fﬁi@geson
F. Widl and rorﬁCMhhtxt)@nthé’pecfludkb$¢lvemdéﬁ43$t(AcrbsSNA1231393 A96J 12287;
D. Wa ,

Heegepqur ocC. Rgf""la?y,gf%f&ﬁ%ggﬁre c&égn?&é%@k@ﬂqsb&iajén ﬁ%g] w;are M R
Pinot, K S. psmmnty ndliglectric aontaw) Fem 1 &grRulr verygueferably frored:.8 D, T,
MQuade, A g?ear{ K ateMals®)a3ediscl68&d orRRam CPIéWQ@ZO@ﬂ@ﬂOQég@ . Unl ess

t he cont ext é cat es otherw se, as used herein plural forns of the
terns herei nAdrer Ug 589 é trued as including the singular formand vice
versa. 20 Throughout the description and clains of this specification, the

wor d ri.se in" ar.i,atj on f th [ for. exanmpl e
corr;r|1§ogg "@ﬁacu'@mﬂﬂ?‘ ﬁéqs,gﬁlﬁngﬁ'glqjh?rncZe\ﬁms ng\,\ﬁlépﬂ??%q}‘?({t@%)( gﬁd are
not i nt ended matefialzchctordiog)to ke prekendtimantioo nlikentsansistors of diogids| chre

appr eci at od. §aAlsetPidr Hr BN Rob Sridttufity RaRiNG RIBAHLHRIE £ flGehirvent | on

can be nade i nvention
feature di scloosaeterfentnmgwofsdgwaent&@ftwame lllsmb@@@@eat@edtﬁtca@w&@ may be

repl aced by bl W‘?ﬁttl'o\‘ﬁl fc?abauﬁén&em&eﬁ%st&eaﬁ@g@du@ﬂmmah@ﬁ@trwamem | ar

30pur paose. Thus, ess herw se, .each ture disclosed is one

exanpl €n y lise séar@gﬁequgtg,;haégsdf SQYESEiFent or similar features.

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
25 display. Common OLEDs are realized using multilayer structures. An
emission layer is generally sandwiched between one or more electron-
transport and/ or hole-transport layers. By applying an electric voltage
electrons and holes as charge carriers move towards the emission layer
where their recombination leads to the excitation and hence luminescence
30 of the lumophor units contained in the emission layer. The inventive
compounds, materials and films may be employed in one or more of the
charge transport layers and/ or in the emission layer, corresponding to
their electrical and/ or optical properties. Furthermore their use within the
emission layer is especially advantageous, if the compounds, materials
35 and films according to the invention show electroluminescent properties
themselves or comprise electroluminescent groups or compounds. The



Al'l of the features disclosed in this specification nay be conbined in any
conbi nation, except conbinations where at |east sone of such features
35and/ or woepr/@i@Inut ual |y exclusive. In particular, tReTmPediano®de
features of the invention are applicablgeto all aspects of the invention
and may be WD 2012/ 031659PCT/ EP2011/ 004076 - 51 - used in any conbination.
Li kewi se, features described in non-essential conbinations may be used
separately (not in conbination). It will be appreciated that many of the

features dessc‘{l%&?&n,%%%vﬁmeﬁﬁéﬁéﬂ s hidIl s Bl rBBe88iRG oF saRasebodi nents, are

I nventive in elr ‘own right and not just as part of an e diijoent _of the
present i nvemoNemericy Qg ‘ﬁta'}SirB‘?')ég{%r'ﬁr?orm&%@tssq{@ﬂ{é”?gs?&rﬁ%%gs?eat ures
in addition HDQED@Ibiggremmlwekrtmmby d mnhis_amepriem?ahysee,aé.ged. 10The

i nvention wiJ now, escr i r i r t O ddiee
fol | owi ng ex&iﬁ‘ﬂ%gt, a@ﬁg’@?{%ﬂg%'@é’t%?%?i’gg%’n’%‘?%nfé‘g’bﬁ%ﬁ’%t t he scope
of the5i nvengsom24Xagflanditheliterature cited therein.

2,8-Difluoro-5,11-bis(allvldiisopropvlsilvlethvnvpant hradithi ophene (8)
(AD PS- F- ADT) “Allyldiisopropvl (trinmethvlsilvlethvnyl)silane (3) A
sol uti on of Accondindtd areihespsesihednaterals;aceprdingoip 15§ IR¥SMON. n anhydr ous

THF (50 cnB - t ; : indlgy Belemploged 1. 0
L /(L’ o C%?\@émsﬂgp{r%e $howiRg BhofILivinErgeas propepticsTinigy Belamploped

was _addeq,'a%réogvm se over. thele&eri od_of 1d hou.é t,0 d a
thick white 384PRIRERISPET Bl SOUGESHSi% AN did!ad fe\iees s depsrieed I EF Royr s
The coqDi ng BHIB5Ga41 oe BY\C.Aedear ehel. s8sipeos, 18982595 B8B5+83F. wi t hout cool i ng

for an additional 1.5 hours. Lithiumtrinethylsilylacetylide WD
2012/ 031659PCT/ EP2011/ 004076 - 52 -

A further aspect of the invention relates to both the oxidised and reduced
form of the compounds according to this invention. Either loss or gain of
electrons results in formation of a highly delocalised ionic form, which is of

15 high conductivity. This can occur on exposure to common dopants.
Suitable dopants and methods of doping are known to those skilled in the
art, e.g. from EP 0 528 662, US 5,198,153 or WO 96/21659.

The doping process typically implies treatment of the semiconductor

20 material with an oxidating or reducing agent in a redox reaction to form
delocalised ionic centres in the material, with the corresponding
counterions derived from the applied dopants. Suitable doping methods
comprise for example exposure to a doping vapor in the atmospheric
pressure or at a reduced pressure, electrochemical doping in a solution

25 containing a dopant, bringing a dopant into contact with the semiconductor
material to be thermally diffused, and ion-implantantion of the dopant into
the semiconductor material.

When electrons are used as carriers, suitable dopants are for example
30 halogens (e.g., |2, Clz, Bra, ICI, ICl, 1Br and IF), Lewis acids (e.g., PFs,

"~ AsFs, SbFs, BF3, BCls, SbCls, BBr3 and SOs3), protonic acids, organic
acids, or amino acids (e.g., HF, HCI, HNOj3, H2SO4, HCIO4, FSO3H and
CISO3H), transition metal compounds (e.g., FeCls, FeOCl, Fe(ClO,)s,
Fe(4-CH3CgH4SO03)3, TiCls, ZrCls, HfCls, NbFs, NbCls, TaCls, MoFs, MoCls,

35 WF5, WClg, UFg and LnClz (wherein Ln is a lanthanoid), anions (e.g., CI,
Br I, 15, HSO4, SO4%, NO3, ClOy4, BF4, PFg, AsFg’, SbFg, FeCly,



solution (1.0Min THF, prepared by reacting trinmethylsilylacetylene with
nBuLi) was added at 23 C rapidly. The previ ous suspensi on becane a clear

sol ut i on wbter2/is9addi tion. The reaction m xture was stPcrmedoiawodds C for 1
hour then stirred at 23 C for 15 hours. The reaction m xture was
S5concentrated in vacuo and a mixture of49ce and IN HCOl was added. The
organi ¢ phase was taken into diethyl ether (2 x 50 cnB), then dried over
MySO4, and was concentrated in vacuo to yield a pale-yellow liquid. The

crude product was purified b racti on di stillation usi Vijgeux col um
of ca. 15 cn’f@ﬁ%pr@%@é‘borl%%gswloé‘so?ﬁ nf?B%l‘?'dﬁ'éL&ﬁheQ%aﬁyllfgg%?So Nas a
10col our | esshleguire u68d3iE carribRYexaniples of dopdris ade catidd94egr,iH'yLi'at 87-

89C. GCMS i ndi tshat i f I i Gl t ai d
5w tha ol vk Ao E3 % Ak el 95, 11 M BB HEE). ikae toTpOuT
next step depanh evstalsnevd.t BausSriand Ba), PurXé@tat(N&r) (SbFe), (NO2)

15Et h lal l bl - |- Hon-

al |yl é?ysgpr{)ép@tltl%?ﬁlwncgfxwg Fﬁe@%hg rgiefgﬁ@agiﬁg;%h':sngﬁ %82I?r'm)l ,
based on 84%kEpuacetyichofing RN or(Bnigama! Y'(QZ'@“EM&4 an f?e?’ﬂéﬂ‘d 9AMP)cn8) was
added manual thQO(W%rsﬁ_an@ﬂgs&im%ﬁemsmfasaa(ak;ﬂ ggoug). 97 mmol ). The

reaction mxture was stirred at 23 C for hour before filtering through a
silica pad. The filtrate was concentrated in vacuo to yield a pale yellow
li qui d. The Thed®nguotitg formasf ther cdmpdurns 6f thetpresent ioventidn can be under

A b A 0 Tt ARG, 3,
8.0 Hz, J2 =chameHnjechon lagers@nds! nazisgg-layers in QLERapplcatians, 94 (m

1H) . M5 (i z} | displays and touch screens, antistatic films, printed
2,8-D fluor Oﬁ@%@bl S aPFvI dlpi opropvl si |l vl et hvn\apant hr adi .tphi ophene (

. 8)
( ADi PS- F- ADTFonductivg subshiales aiatterne Phifagtsdn elgdianiGBPRIKAIONE SYEN @B (3. 00
g, 16. 64 mmobliniey eircuittsartis@ndndindersessided 2. 5M n-BuLi in hexanes (6. 66
cnB, \%,3 65 mol ) dropwise at 0 C over a period of 10 m nutes. The cooling
bat h ® rempved and the reaction was stirred at 23 C for 30 mnutes to
afford a 35cdhewdmpsurdseand farhutlations according to the present invention amy

2,8-D fl uoroanth A 2 - PEK : OPEDPL) hswas added
in one porti %II]%Q[ %@g er@l‘)l?{? ﬁlpg%e &cégﬂlﬁgﬁsf}@\%@%%gﬁéﬂ EPZ%?il 004076 -
53 - sol uti odesadbehforraxacmplein oleuetahd\ats Phpfasicyi2088. & €84 16 hours and
then at 60 C for an additional 1 hour before cooling to 23 C. A m xture of
iced cold 5% HCl (14 cnB) was added. The organi,c | ayer was separated and
washed 28 t h \/mc@ffglmaiw apothes L&&u&ﬁ@a SfiAls ajarding {oBeleseRtnte a*f‘?ﬂ/l
S5ether (20 cr@h beltised apienstogethaniwitheothenntatenals in opas elignaieatl i n vacuo.
The crude prqduct . ur b i A I ilica gel
(ol uent - d oRRUFBRLREE! DHER peliehS: 4tpesabagiordaiple fLS ' ]
recrystal | i sa@003#0021@h3pdhealsewh atdnge tradspon compgiupidd ackerdingduthe (7) as
of f-white nee (i Ryel i 0 o SiTCY RtiMRZof the diigpMent 10 1. 03
(s, 142 , 1. E%%’Et'ﬁﬁ%rﬁ@SC%ﬂ%re#;@g%lé Hz, Zol%w'I ?lwlh% (t, _c§use% by
i somer £5 1H) ,layersVierpgsgdiin 2n}-CD; this.igcreasedelegtyjcal gopdugiivitycan o 2™ 1z
1H), 8.39 (d, educe adferde redidual 8c &fet@ indh& skitbhatfle LIGD cell and

suppress image sticking or, for example in ferroelectric LCDs, reduce the

residual charge produced by the switching of the spontaneous polarisation

charge of the ferroelectric LCs. When used in an OLED device comprising

30 a light emitting material provided onto the alignment layer, this increased

electrical conductivity can enhance the electroluminescence of the light

emitting material. The compounds or materials according to the present

invention having mesogenic or liquid crystalline properties can form

oriented anisotropic films as described above, which are especially useful

35 as alignment layers to induce or enhance alignment in a liquid crystal
medium provided onto said anisotropic film. The materials according to the



Product (7) (2.11g, 2.94 mmol) was dissolved in THF (20 cnB) and tin

15chl oride solution in 2.5N HCI (8 cnB) was added under stirring. The

reacti on woxpiwsiasas stirred at 23C vigorously for 30 mpamEP20110RtoR@ncl (50

cnB) was added and the solid was collecggd by filtration. The solid was

recrystallised from butanone-isopropanol (1:2) to yield product (8) as red

crystals (1.94 g, 97%. Mp.: = 202.9C (DSC). 1H NWR (CDCI 3, 300 20 MHz): 8

(ppm = 1.29 (s, 14H), 1.95 (dt, J1 =8.0 Hz, J2 = 1.2 Hz, 2H), 5.01-5.18

E;n i::')') Exagrege?\gn% tidhlmayP ak® tfedcon]\bme%i \ﬁltllﬁéhotjd'ﬂomgnﬁblés 1H), 8.96

2.5-D 1 uor -@NBOURAS eegéqrcﬂmmpahﬁﬁ%ﬂsvré'ﬁwn 8f A9 AIRLRRIINRAET IR¥SRene

( CHDVB- F- ADT)s de¥Qiad ¥ 03186887002 8PR011/ 004076 - 54 -

Et hynyl cycl ohexvldi nethvlsilane To a stirred yell ow sol uti on of

et hynyl magnesi um bromi de (0.5Min THF, 567 cnB) at 20 C was added

cycl ohxyl di Aetdrgirhtmanstneanse (e dtatg)ialdranoniding tdthe present owenatienstirred

at 20 C for 45 t e he

sol vents of FHE '%@c %6@%e3tst?ﬁgol§gfregb?%§g% %)&é?ﬂ@i'e vgl?%l %Etol flonvlgcuo to

afford thi cksryielgrowpsl qwmlcaﬂvﬁweduf@mmeamb%evmomms 8Migfled i n one

portion and ¢ ﬁ%dPF (e ﬁrldb&&g.nboandleécmnmatm .DNReserfu@RRES. part was
e

taken into drie

r ri doe m sul fate. The
et her sol uti §H0h/&!§e§cﬂ{€éiﬁ’(ﬁ°5§%§ %’n‘if‘ 4} e))B(L e5h gﬁgg "\‘ﬁgb Hslacuum
distilHed at IB35HElgeebn Banudi andD.db dhiteerpriRducNatisAead Saur | ess

0 (299 g 500 GRNAA0 ] kg - R (0 Heedd) P 5hpsihodl ) =
13C NVR (CDCGS C Bazaiwrand &. pplepger.-Rog, Nal. AcadeSa@, UXF.A),2002,99, 48, 8
93.6. 2, ;J 'tt8sare, M bRSPﬁ%"E'rQ@XS{;I ﬁ%“éé?rYd 31 RVL&kdwiey PEBAGInAR t N ophene

(cHDIVISFADT sol ut1on_of ohexyl di nethyl si | 'ane (2.90 g,
98% 17.17 mR80L, 78 m@d?ow@@eaaﬁeﬁ\( Eo Hﬁg) Tndd: %Wé@&"a@l hemaRevsM n- BuLi
in hexames (@oBocHBp, 45325 mmol ) dropwi se over 10 minutes. The cooling bath
was renoved and the suspension was stirred at 20C for an

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

vice versa.

20
Throughout the description and claims of this specification, the words
“comprise” and “contain” and variations of the words, for example
“comprising” and “comprises”, mean “including but not limited to”, and are
not intended to (and do not) exclude other components.

25

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
be replaced by aiternative features serving the same, equivalent or similar
30 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
combination, except combinations where at least some of such features

35 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



25addi tional 30 m nutes. 2,8-Difluoroanthradithi ophene-5,11-dione (6) (2.04
g, 5.72 mol) was added in one portion as solid and the m xture was stirred
at 20 C w0 281431658. The sol uti on was heated in an oil - BETIEP2#IA/084076¢ r ed at
60C for an additional 2 hours then coo_[[‘gg to 0O Cwith an ice-bath. Ice cold
1% HCl (ca. 50 cnB) as added quickly. “m xture was 30stirred for 5

m nutes. The organic | ayer was separated and washed with water. The aqueous
| ayer was extracted with diethyl ether once (20 cnB). The corrbi ned organic
solution was dried of solvyents vacu vapqrat i.on. . The 0| si due was
then flash cesashifedMbROBIN %&’”ggﬁ‘e(‘ﬁsqﬁ%ﬁifﬁgaﬁé?f&ﬁﬂ i PO to yield
the diol i ntgsmBMatibAs (RaP bg)usetidaidratet( EDCir8codbhatien).: 8 (pprr) 0.11
(m 6H), 0.69 (m 1H), 1.17(m 5H), 1.68 (m 5H), 3.33 (t, caused by
isoners, 1H) , 6.78 (s, 1H), 8.36 (s, 1H, WD 2012/031659PCT/ EP2011/ 004076
- 55 - 8. 42(1 will bie.appreciates thahmanyeof thedeatsesineseihastaboverHr ( 20 cnB) and
tin(liy chl O%H%g%@%’f {3} pFeleMdcPinbBndk! K ihdorile MaReR dAIgRODW Se

under Stirri re was stirred é C vi OI’OUS| for 0O m nutes.

Met hanol  ( 50an@Bpt kst agdrastiohal efROUMEpER 'ihSrPrﬁé§ms‘U¥?” filtered to
yield red cr gﬁe?leﬁ athg&géctxoThmaqrbégal@mrmesecfemt@é in additiém ¢coror

chl orof orm ( qt %CH FADT(l 64g 44% for two
steps). Mp. altqr@?tlseéoeﬁwvefm'%N%S?@B(:F 8 (ppm) = 0.39 (s,
6H) 096 10(m 1H), 137(m 5H), 1.90 (m 3H), 198(m 2H) , 681(s

3
152 8- 6fI fquaegp“iﬁrﬁkﬂ%z\fl (%V&?%t I me{, ﬁ‘ etal b%r?fF([ienr][ etodtl t hi ophene

('t BDVMS- F- ADTjollowing examples which are illustrative on y and do not limit the scope of
the invention.

Example 1

15
2.8-Difluoro-5,11-bis(allyldiisopropylsilylethynyl)anthradithiophene (8)
(ADIPS-F-ADT)

20 | |

25 =

Allyldiisopropyl(trimethyisilylethynyl)silane (3)

30 A solution of dichlorodiisopropylsilane (9.55 g, 97%, 50 mmol) in
anhydrous THF (50 cm®) was cooled to -78 °C. Allylmagnesium bromide
solution (1.0 mol/L, 60 cm®) was added dropwise over the period of 1 hour
to yield a thick white suspension. The suspension was stirred at -78 °C for

35 2 hours. The cooling bath was removed and the suspension was stirred

without cooling for an additional 1.5 hours. Lithium trimethylsilylacetylide



25 To a solution of (tert-butyldinmethylsilyl)acetylene (2.10 g, 15 nmol))

I n anhydrous di oxane (25 cnB8) was added at 0 C 2. 5M n-BuLi in hexanes (6.0
cnB, 15. oworeol2)o3tesopwi se over 5 m nutes. The cool i ng barhTwesomameved and

t he suspension was stirred at 20 C for g? addi ti onal 30 30m nutes.

2, 8-Di fl uoroant hradi t hi ophene-5, 11-di (6) (1.78 g, 5.0 mol) was added

I n one portion and the m xture was stirred at 20C for 3 hours. The
suspensi on was heated in an oil-bath and stirred at 100C for an additi onal
1 hour, then cool ed t ce cold 2% dded U|ckly and

the m xture Sfi4tiaR ” "TB\’C[FCBre%arﬁﬁj t'&&cC 'ﬁ%&'”&?t@g%%'aﬁ%y §'
separ at ed anguvgsirdaddédanas EC. rapitly dtheeprevidusyarspeasioediecriea with

6511 o 0t 9085, (2D b BOBGERTRABSCo AR L g Wm0
evapor at i on. fofHehaur thenedingdeatied € ferstd bevisnmibe reAckon MbdUEMWag! ut ed fir st

wth 152 DCN&&\% La‘?é‘&”r%géuo 4Ad &0mbue @ﬁlgetahﬁ 1le HGI wEPaBde®TH e di ol

|nterrred| ate was recrysta r t her 100 to yield
or ange crystQI’Q?”QQLPQBS@)’VE‘SI"HKGQI'Qf@rﬁfe'\%é(getg@ﬁ ég) WW‘%&QH €%t he sgcond
i somer of f é N@ST(? wm@§sb$ﬁgeﬁﬂmtbhluﬁwaoubt%m aE éwowmqanherst gu glN
i somer was di ssol ve 0 C in 2.
HCO (6 cnB) GREIERIQ 5&cﬁwast%'f%§3°ﬁ% '%8@81386%*!2%? \iﬂﬁga%?@%‘% “q‘g'&c for 10
mnutes to yoftdl. %pﬁdu?c@sr{redsgedlprManM niBar tobgielshibye pﬁalduamBaal agd(ahgz
sus engphon was, s fi sol i

P Zban Fg@@%&%ﬁﬁgd ?fg 9\/%% %érhgggaégd b%&?] oﬁ%ﬁ’}é wa aéét%?he first
| sorrer to yi 8PICaGEMSindigaisd that thedpwity of e liqudoontginedBR%pEct ra showed

that both SOH% Wi ?%.th@w%%l@r 43S DBZ g/FBe T4 lidsidweiedrendy ned and
purified by S

chromat o sili | .ut e cl ohexane and
fol l ow by a meedyar the neds %B?K%%M‘a\f{@hﬁf 6‘5?%%’% %ﬁpxt ure to yield
pure t BDMSF- ADT as red crystals (2.21g, 80%. Mp.: 303 C (DSC). 1H NWR
(CDCI3 00 ): 8II e ( 6H), 1.17 (s, 9H), 6.81 (s, 1H), 8.83
(s, 1H) 208: allylgist exanpl es (4-14) are al so synthesise
anal ogously and are sunmarised in Table 4. 25 Table 4. Exanpl es of

2, 8-di f I uor o~ 1 Lo biis hdrlany RHSYPbY REFMMSRJISIMERRRAGNSRne (3) (6.04 g,
20.09 mmol, based on 84% purity) in dichloromethane (20 cm’) and
methanol (20 cm®) was added manually powdered potassium carbonate

20 (5.8 g, 41.97 mmol). The reaction mixture was stirred at 23 °C for 1 hour
before filtering through a silica pad. The filtrate was concentrated in vacuo
to yield a pale yellow liquid. The crude product was purified by fractional
distillation under reduced pressure to afford the product as a colourless
liquid (3.47 g, 84%). "H-NMR (CDCls, 300 MHz): & (ppm) = 1.06 (m, 14H),

25 1.69 (dt, J1 = 8.0 Hz, J2 = 1.2 Hz, 2H), 2.39 (s, 1H), 4.87-5.00 (m, 2H),
5.79-5.94 (m, 1H). MS (m/z): 180 (M").

2.8-Difluoro-5.11-bis(allyldiisopropylsilylethynyl)anthradithiophene (8)
(ADIPS-F-ADT)

30
To a solution of ethynylallyldiisopropyisilane (4) (3.00 g, 16.64 mmol) in
dioxane (30 cm®) was added 2.5M n-BulLi in hexanes (6.66 cm®, 16.65
mmol) dropwise at 0 °C over a period of 10 minutes. The cooling bath was
removed and the reaction was stirred at 23 °C for 30 minutes to afford a
35 colourless clear solution. 2,8-Difluoroanthradithiophene-5,11-dione (6)
(1.95 g, 5.47 mmol)) was added in one portion to the lithium acetylide



SiRR R SiRRR' WO 2012/ 031659PCT/ EP2011/ 004076 - 57 - Exanple RR R
Onset mp. (O 1 isopropyl isopropyl ally! 198 2 nethyl nethyl
WO 2012/031659 PCT/EP2011/004076

-53-

solution and the reaction mixture was stirred at 23 °C for 16 hours and
then at 60 °C for an additional 1 hour before cooling to 23 °C. A mixture of
iced cold 5% HCI (14 cm®) was added. The organic layer was separated
and washed with water whilst the aqueous layer was extracted with diethyl

5 ether (20 cm?®). The combined organic extracts were concentrated in
vacuo. The crude product was purified by column chromatography on
silica gel (eluent: dichloromethane:petroleum ether 40-60; 1:1) followed by
recrystallisation from petroleum ether 80-100 to yield the product (7) as
off-white needles (2.11 g, 55%). "H-NMR (CDCl3, 300 MHz): § (ppm) =

10 1.03 (s, 14H), 1.68 (dt, J1 = 8.0 Hz, J2 = 1.2 Hz, 2H), 3.15 (t, caused by
isomers, 1H), 4.80-4.93 (m, 2H), 5.72-5.87 (m, 1H), 6.77 (d, J = 2.2 Hz,
1H), 8.39 (d, J = 2.6 Hz, 1H), 8.45 (d, J = 2.6 Hz, 1H).

Product (7) (2.11g, 2.94 mmol) was dissolved in THF (20 cm?) and tin

15 chloride solution in 2.5N HCI (8 cm®) was added under stirring. The
reaction mixture was stirred at 23°C vigorously for 30 minutes. Methanol
(50 cm®) was added and the solid was collected by filtration. The solid was
recrystallised from butanone-isopropanol (1:2) to yield product (8) as red
crystals (1.94 g, 97%). M.p.. =202.9 °C (DSC). 'H-NMR (CDCl3, 300

20 MHz): & (ppm) = 1.29 (s, 14H), 1.95 (dt, J1 = 8.0 Hz, J2 = 1.2 Hz, 2H),
5.01-5.18 (m, 2H), 6.02-6.16 (m, 1H), 6.80 (d, J = 2.4 Hz, 1H), 8.87 (s,
1H), 8.96 (s, 1H).

Example 2
25
2.8-Difluoro-5,11-bis(cyclohexyldimethylsilylethynylanthradithiophene
(cHDMS-F-ADT)
|
40
30 |

35 QT"—



cycl ohexyl 183 3 nethyl nethyl t-butyl 303 4 allyl ethyl ethyl 176 5 ethyl

ethyl 2-butyl 166 6 isopropyl isopropyl phenyl 175 7
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Ethynylcyclohexyldimethylsilane

To a stirred yellow solution of ethynylmagnesium bromide (0.5M in THF,

5 67 cm°) at 20 °C was added cyclohexyldimethylchlorosilane (3.95 g)
dropwise. The solution was stirred at 20 °C for 45 minutes and at 50 °C for
an additional 15 minutes. The solvents of the reaction mixture were
removed by evaporation in vacuo to afford thick yellow slurry. 3% HCl-ice
mixture (50 cm®) was added in one portion and the mixture was stirred for

10 5 minutes. The organic part was taken into diethyl ether (2 x 20 cm’) and
dried over magnesium sulfate. The ether solution was concentrated and
the yellow oil residue was vacuum distilled at 130-135 °C (25 mBar) to
afford the product as a colourless liquid (2.99 g, 80%). GCMS: 166 [M"].
'"H-NMR (CDCl3, 300 MHz): 6 (ppm) = 0.12 (s, 6H), 0.67 (m, 1H), 1.21 (m,

15 5H), 1.75 (m, 5H), 2.36 (s, 1H); >*C-NMR (CDCls, 75 MHz): 5 (ppm) = -3.9,
25.3, 26.8, 27.0, 27.8, 88.8, 93.6.

2 8-Difluoro-5.11-bis(cyclohexyldimethylsilylethynyl)anthradithiophene
(cHDMS-F-ADT)

20

To a solution of ethynylcyclohexyldimethylsilane (2.90 g, 98%, 17.17
mmol) in anhydrous dioxane (30 cm?) was added at 0 °C 2.5M n-BulLi in
hexanes (6.9 cm?, 17.25 mmol) dropwise over 10 minutes. The cooling
bath was removed and the suspension was stirred at 20°C for an

25 additional 30 minutes. 2,8-Difluoroanthradithiophene-5,11-dione (6) (2.04
g, 5.72 mmol) was added in one portion as solid and the mixture was
stirred at 20 °C for 2 hours. The solution was heated in an oil-bath and
stirred at 60°C for an additional 2 hours then cooled to 0 °C with an ice-
bath. Ice cold 1% HCI (ca. 50 cm?®) as added quickly. The mixture was

30 stirred for 5 minutes. The organic layer was separated and washed with
water. The aqueous layer was extracted with diethyl ether once (20 cm?).
The combined organic solution was dried of solvents by vacuum
evaporation. The oily residue was then flash columned on silica gel (2:1
DCM/petroleum ether 40-60) to yield the diol intermediate (2.0 g). "H-NMR

35 (CDCl3, 300 MHz): 8 (ppm) = 0.11 (m, 6H), 0.69 (m, 1H), 1.17 (m, 5H),
1.68 (m, 5H), 3.33 (t, caused by isomers, 1H) , 6.78 (s, 1H), 8.36 (s, 1H),



met hyl phenyl vinyl 226 8 nethyl nethyl benzyl 205 9 ethyl isopropyl

| sopr opyl
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35

220 10 ethyl ethyl isopropyl 193 11 phenyl phenyl vinyl
WO 2012/031659

PCT/EP2011/004076
-55.

8.42 (s, 1H).

The diol intermediate was dissolved in THF (20 cm®) and tin(ll) chloride
(2.20 g) solution in 2.5N HCI (8 cm) was added dropwise under stirring.
The mixture was stirred at 20 °C vigorously for 30 minutes. Methanol (50
cm?®) was added and the suspension was suction filtered to yield red
crystals (2.00g). The crystals were recrystallised from chloroform (50 cm’)-
MEK (20 cm®) to yield cHDMS-F-ADT (1.64 g, 44% for two steps). M.p.:
197.6 °C (DSC). 'H-NMR (CDCls, 300 MHz): § (ppm) = 0.39 (s, 6H), 0.96
(m, 1H), 1.37 (m, 5H), 1.90 (m, 3H), 1.98 (m, 2H), 6.81 (s, 1H), 8.83 (s,
1H), 8.92 (s, 1H).

Example 3

2 .8-Difluoro-5,11-bis(tert-butyldimethylsilylethynyl)anthradithiophene
(tBDMS-F-ADT)

|
—Si\L
I
S
4006
F F
s Y
I
A
|
To a solution of (tert-butyldimethyisilyl)acetylene (2.10 g, 15 mmol)) in
anhydrous dioxane (25 cm?) was added at 0 °C 2.5M n-BulLi in hexanes
(6.0 cm?, 15.0 mmol) dropwise over 5 minutes. The cooling bath was
removed and the suspension was stirred at 20 °C for an additional 30
minutes. 2,8-Difluoroanthradithiophene-5,11-dione (6) (1.78 g, 5.0 mmol)
was added in one portion and the mixture was stirred at 20°C for 3 hours.
The suspension was heated in an oil-bath and stirred at 100°C for an
additional 1 hour, then cooled to 20 °C. Ice cold 2% HCI (25 cm®) was
added quickly and the mixture was stirred for ca. 5 minutes. The organic

layer was separated and washed with water. The aqueous layer was
extracted with diethyl ether once (20 cm?®). The combined organic solution



247 12 ethyl ethyl cyclopentyl 177 13 ethyl ethyl cycl ohexyl 125 14 et hyl
ethyl t-butyl 234 Exanple 4

2,8-Di fl wwoaeB/Bissbi s(al |l vldi et hyl sil vl et hvnvpant hr adi t rCorena/oddves pur e
product was obtained as red crystals after purification with flash

chromat ography on silica eluted with c'yéébhexane. The yield was 24% M:
25176 C (onset, DSC). 1H NWR (CDClI 3, 300 MHz): 8 (ppm) = 0.93 (dg, J = 8.0
Hz, 4H), 1.24 (t, J =8.1 Hz, 6H), 1.94 (d, J = 8.0 Hz, 2H), 5.02-5.16 (m

i::?) Exgﬁpféﬁés ggled %'?Dsblv%nqg bglcxi/’ac‘tjjur% g\'/aSpo'F%tiony:PHe gilfn%sgd"‘ue wHkf1afn93 (s,
columned on silica and eluted first with 1:2 DCM/petroleum ether 40-60 to
yield the first isomer of the diol intermediate, which was recrystallised from
petroleum ether 80-100 to yield orange crystals (1.95 g). The eluent was
5 changed to DCM to wash the second isomer off the column as reddish
thick oil.

The crystals of the first diol isomer was dissolved into THF (20 cm®) and
SnCl, (1.90 g) solution in 2.5N HCI (6 cm®) was added and the deep red

10 solution was stirred at 20°C for 10 minutes to yield a red suspension.
Methanol (ca. 50 cm3) was added and the suspension was suction filtered
to yield a rosy red crystalline solid (1.82 g). The 2nd isomer crude solid
was treated in the same way as the first isomer to yield another batch of
red crystals (0.59 g). NMR spectra showed that both solid were of the

15 same quality. The solids were combined and purified by flash
chromatography on silica eluted with cyclohexane and follow by a
recrystallisation from butanone-isopropanol mixture to yield pure tBDMS-
F-ADT as red crystals (2.21g, 80%). M.p.: 303 °C (DSC). '"H-NMR (CDCls,
300 MHz): & (ppm) = 0.41 (s, 6H), 1.17 (s, 9H), 6.81 (s, 1H), 8.83 (s, 1H),

20 8.90 (s, 1H).

Additional examples (4-14) are also synthesise analogously and are

summarised in Table 4.
25

Table 4. Examples of 2.8-difluoro-5,11-bis(silylethynyl)anthradithiophenes

SiRR'R"

30

M lRll
35 SiRR



2,8-Difluoro-5,11-bi s(2-butvl diethvlsilvlethvnvpanthradithi ophene The pure
product was obtai ned as red-orange crystals after purification with flash
chr omat ogweapbhiz/snesgi | i ca el uted with cycl ohexane. The yiPE€TEPaEI/0BA% 35Mo:
166 C (onset, DSC). 1H NWR (CDCl 3, 300 ): 8 (ppm) =0.92 (m 4H), 1.12
(t, 3 =7.3 H, 3H, 1.25 (t, J = 8.5 , 9H), 1.39-1.52 (m 1H, WO
2012/ 031659PCT/ EP2011/ 004076 - 58 - 1.81-1.95 (m 1H), 6.81 (d, J = 2.5 Hz,
1H), 8.86 (s, 1H), 8.94 (s, 1H). Exanple 6

52,8-Difluoro b J_J_ DI s(dr [sopropyl phenvlsi vl gthvnyl)ant r@rﬁé’tq}i\%ohene The
pure product wa iged|as rpd crystalg aftgqr pugrficali % "f] ash

chr omat ogr aphy on SI Ica eluted with warm cycliohexane. The y{%¥Hd wap 68%
The X-Ray crydtal structufe.froma n dro om cycl 10hekane was
obt ai ned. M [175 Cl{onset; ﬁsgéyﬁﬁwﬁ'@ ‘E’@ u,m%'\g,([ MHZ )~ Jq?gp.., =1, 22
(d, J = 7.3 H4, 6H)2 1.33]( |3 HrethgH),| tydéhéxd9 (m 188), 6]{80 (s,
1H), 7548 85 8. 96 | 9. : anpl g 7 15
2!_23-Di ?I uoE(T- 11- E'C“mf n ,EI@EM \H nvﬁ?tpg”:_bet .1\/."‘.E;)'t?gl,étsg{.P hf-ereh-t ﬁléu:ﬁc e The

¥ t
pure product Jas ob#ai ned| a r ethylst al | i sdi/Bon f|om
u

|
s radldl cryst abthyhft gr
chl or of orm 2- Qut'anope m x{ |eI S 21%-+ Nps,1 226 C (y@mpset, | 20DSC) .
1H NWVR ( CDCl 3,|-300—MHz—% (p“:}ptrr}y =6 gt’h% ) ZQMEtlyl(d \J1§%19 H Hz,

g y i}
1H), 6.31 (dm| J = 84.5 H}, iSI}ﬁ)’op)G.Ellm;p]‘ppyll = phedwyhz, | J2 47845 [z, 1H),

Exggpl(;dgl;% 50 ¢m 3H], Fudttyl(M] 29hentt 79 (M) B- 88 o 1H).

2, 8-Di fluoro-5, 11- bi8s( benzvl dietbylhyl|si IMeétbyhvny| )eenavt adi t hi @Mene [he pure
product was ol ali ne(é as dar _k-éﬂ:g' crystl% s{(;e |§0|9H{di i cati %Oby

Q__
3
28
5

p
N

D

f I ash- chr omat ggraphy—oen—sitt+ca—erutgd—wm LII —fcycrofexae-chitorofoym

10 ethyl ethyl isopropyl
11 phenyl phenyl! vinyl 247

15 12 ethyl ethyl cyclopentyl 177
13 ethyl ethyl cyclohexyl 125
14 ethyl ethyl -butyl 234

Example 4
20

2 8-Difluoro-5,11-bis(allyldiethylsilylethynyl)anthradithiophene

The pure product was obtained as red crystals after purification with flash
chromatography on silica eluted with cyclohexane. The yield was 24%. Mp:
25 176 °C (onset, DSC). 'H-NMR (CDCls, 300 MHz): § (ppm) = 0.93 (dq, J =
8.0 Hz, 4H), 1.24 (t, J = 8.1 Hz, 6H), 1.94 (d, J = 8.0 Hz, 2H), 5.02-5.16 (m,
2H), 5.98-6.12 (m, 1H), 6.82 (d, J = 2.5 Hz, 1H), 8.84 (s, 1H), 8.93 (s, 1H).

Example 5

30
2 8-Difluoro-5,11-bis(2-butyl diethylsilylethynyl)anthradithiophene

The pure product was obtained as red-orange crystals after purification with

flash chromatography on silica eluted with cyclohexane. The yield was 62%.
35 Mp: 166 °C (onset, DSC). '"H-NMR (CDCl3, 300 MHz): & (ppm) = 0.92 (m,

4H), 1.12 (t, J = 7.3 Hz, 3H), 1.25 (t, J = 8.5 Hz, 9H), 1.39-1.52 (m, 1H),



30m xture, followed by a recrystallisation from 2-butanone. The yield was
34% Mp: 205 C (onset, DSC). 1H NWR (CDClI 3, 300 MHz): 8 (ppm = 0.46 (t,
6H), 2. 46W020122136596.80 (d, J = 2.6 Hz, 1H), 7.19-7.36 @CI/EPR)11/084064 (S,
1H), 8.73 (s, 1H. WD 2012/ 031659PCT/_E5§Q11/ 004076 - 59 -
2,8-Difluoro-5, 11- bi s(ethyl di i sopropvl st'I'vl et hynvpant hr adi t hi ophene The
pure product was obtained as orange-red crystals in 47%yvyield after a
purification by flash-chromatography on silica eluted with cycl ohexane,

5f ol | owed by r I i L lioRhe =€ L X e. M: 220
C (onset, DT TERG s Bobarp it P ERB eI B S M,
2H), 1.28 (m 17H), 6.80 (d, J = 2.5 Hz, 1H), 8.88 (s, 1H), 8.95 (s, 1H).
Exanple 10 1
2,8-Difl uor og—éa-?%'%i@s(di et hvl i sopropvl si | vl et hvnyl ) ant hr adi t hi ophene The
pure product was obtained as red crystals in 65%yield after a purification

by fl agh- chr orgpeflicibls, 1 0:bisidiisopropliphedylsilylsthyalhahibuadittidsiiene
15(40-60C) -dichloronmet hane 10: 1 m xture, followed by a recrystallisation

from 2-but anone-et hanol . My: 193 C (onset, DSC). 1H NMR (CDClI 3, 300 MHz): 8
(ppm) = 0. 81TheYsuremroduft was obtdined asred cgystals afterpurifecateon(with Jlash2. 54 Hz,

1H), 8.82 (s, . :

8[_0 Difluor oE ;cﬁ#ﬁ?tso%ﬁgtp}\éﬁg}lsﬂé}}aﬁléﬁ@\;\?@%rqﬁyacﬁ%mﬁxaagﬁ Epte)gklleel%éN a‘l§he pure
product was 6B8i HeelXaBay efysdalsitugatyre; fromanied Riizn growp feomm s¥elpst al | i sat i on
}‘VLE;“ Cgl(}(ﬂ °L,We¥h§@§ﬁ g%ttam&r_w{m K2817® (oMdet, @$} O(rgmﬁ@]z.@ms\!g@m CDal 3, 300
6.70 (dd, S MHz)} 3dpPpp) ?1‘2%2 (%43.q é‘r%%i@ﬁ); 6:5pA% d,=nz-3:Hir. éjwﬂ%l)gd_b? 52
(m 6H), 7.88n(mH)48)80 @, 8B)(B.481h), 3HD, 9B &m, 2HY), 8. 9B Exaiip), 6.0B(s, 1H).

2,8-Difluoro-5,11-bis(cycl opentyl di et hvlsil vl ethynyl)ant hradithi ophene The
pure product was obtained as red plates in 34%yvyield after a

Example 7

15
2 8-Difluoro-5,11-bis(methylphenylvinylsilylethynyl)anthradithiophene

The pure product was obtained as red crystals after recrystallisation from
chloroform 2-butanone mixture. The yield was 21%. Mp: 226 °C (onset,

20 DSC). *H-NMR (CDCls, 300 MHz): & (ppm) = 0.79 (s, 3H), 6.17 (dm, J = 19.9
Hz, 1H), 6.31 (dm, J = 14.5 Hz, 1H), 6.51 (dd, J1 = 19.8 Hz, J2 = 14.5 Hz,
1H), 6.76 (s, 1H), 7.50 (m, 3H), 7.87 (m, 2H), 8.79 (m, 1H), 8.88 (m, 1H).

Example 8
25

2 8-Difluoro-5,11-bis(benzyldimethylsilylethynyl)anthradithiophene

The pure product was obtained as dark-red crystals after a purification by
flash-chromatography on silica eluted with 3:1 cyclohexane-chloroform

30 mixture, followed by a recrystallisation from 2-butanone. The yield was
34%. Mp: 205 °C (onset, DSC). 'H-NMR (CDCls, 300 MHz): & (ppm) =
0.46 (t, 6H), 2.46 (s, 2H), 6.80 (d, J = 2.6 Hz, 1H), 7.19-7.36 (m, 5H), 8.67
(s, 1H), 8.73 (s, 1H).

35 Example 9



35purification by flash-chromatography on silica (cycl ohexane el uent) and
recrystallisation fromcycl ohexane. M. 177 C (onset, DSC). 1H NVR WO
2012/ 031680RCR/BRFY11/ 004076 - 60 - (CDClI 3, 300 MHz): 8PCpEPROIL/O00409d (m
4H, 1.23 (t, J = 7.8 Hz, 6H), 1.30 (rr_ysélj), 1.70 (m 6H), 2.00 (m 2H),
6.80 (d, J = 2.5 Hz, 1H), 8.85 (s, 1H), "8.93 (s, 1H). 5Exanple 13
2,8-Difluoro-5, 11- bi s(cycl ohexyl di et hvl si | vl et hynvnant hr adi t hi ophene The
pure product was obtained as red plates in 67%vyield after a 10purification

by flash-chr rapl R i i DCM el uent)
o n renra 70131 PistelividlisobRoch il ity Rl @i Bithibhghe, DM el uel

(CDQl 3, 300 M&): 5 (ppm) = 0.81-0.95 (m 4?0, 1.06 (m 1H), 1.23 (t, J =
;H? Hé 88"2 ’dTﬂﬁ%@réé rﬂsgo&"@t,viés 6§t836rﬁ67d aé%r?rgegfbé{mys@;ﬁ inf?%%{%ldgﬁéb@ 23122,
2,8.Difl uor obBEiﬂqatlﬁ%%)éF‘ﬁ?S%‘E}‘fﬂ'ﬂ?é{gﬁ%ﬁ’ﬁy PWE‘FW@SQWH} g%‘?'?rﬁ?)ﬁ%}?ene 20The
pure psﬁdu;:]t fomr@?«embyahnedmsalh@iimwhmclamexa%ﬁtmglanniumreawupuezei cation
asn-cnr ogr,.a OR C -

cryacal 11 s oo nBRoR DRGR DHNME FoBBLC SO0 MEAF sTplil'd 0I5 10
(CDCl 3, 300 M#zpH)81.280m, HH), 68Q (d, J4FR,5 WzadH] B.88K§, 1H), BOF (s, 11D. 7. 9 Hz,
6H), 6.80 (d, J = 2.5 Hz, 1H), 8.89 (s, 1H), 8.95 (s, 1H). 25 Exanple 15

5,11- Bi s(cycl ohexvl di net hvl si | yl et hvnyDant hr adi t hi ophene (cHDVS- HADT) 30
WO 2012/ 03168xr0RlEdD011/ 004076

10

2 8-Difluoro-5,11-bis(diethylisopropylsilylethynyl)anthradithiophene

The pure product was obtained as red crystals in 65% yield after a
purification by flash-chromatography on silica eluted with petroleum ether

15 (40-60°C)-dichloromethane 10:1 mixture, followed by a recrystallisation
from 2-butanone-ethanol. Mp: 193 °C (onset, DSC). 'H-NMR (CDCls, 300
MHz): & (ppm) = 0.81-0.90 (m, 4H), 1.19 (t, J = 7.8 Hz, 13H), 6.76 (d, J =
2.54 Hz, 1H), 8.82 (s, 1H), 8.89 (s, 1H).

20 Example 11

2.8-Difluoro-5,11-bis(diphenylvinylsilylethynyl)anthradithiophene

The pure product was obtained as red crystals in 19% yield after

25 recrystallisation from chloroform and 2-butanone mixture. Mp: 247 °C
(DSC). *H-NMR (CDCl3, 300 MHz):  (ppm) = 6.21 (dm, J = 19.9 Hz, 1H),
6.43 (dm, J = 14.5 Hz, 1H), 6.70 (dd, J1 =19.9 Hz, J2 = 14.4 Hz, 1H), 6.72
(d, J = 1.8 Hz, 1H), 7.52 (m, 6H), 7.88 (m, 4H), 8.82 (s, 1H), 8.90 (s, 1H).

30 Example 12

2 8-Difluoro-5,11-bis(cyclopentyldiethylsilylethynyhanthradithiophene

The pure product was obtained as red plates in 34% yield after a
35 purification by flash-chromatography on silica (cyclohexane eluent) and
recrystallisation from cyclohexane. Mp: 177 °C (onset, DSC). "H-NMR



- 61 - 10 To a solution of ethynyl cycl ohexyl dinethylsilane (0.732 g, 4.401
nmol ) in dioxane (10 cnB) at O C under nitrogen atnosphere was added n-BuL
(1. 75 cnByo20BM3id9Ihexanes, 4.375 mmol) dropw se over 3BCHiER2AIG@H040The
solution was stirred at roomtenperaturggf.or 60 m nutes.

15Ant hr adi t hi ophene-5, 11-di one (0.470 g, 1.467 mmol) was added in one
portion as a solid and the m xture was heated at 50 C for 1 hour. The
resulting reaction mxture was stirred at 20 C for 18 hours. A solution of

Snd 2 (1.113(Epcl n3pygtmr-|zj & @) aoobﬁ bt 419), (23 B, anBY .8nds, eldyjeld3@orti on

wse 1o the Festll o el g gt #ﬁi@é@%ﬂr?ﬁ i 4P RS0 e

and the precg@3 @, ¢Hyas renoved by filtration. The filtrate was
concentrated in vacuo and and purified by columm chromat ography on silica
gel (eluent: 1:1 diethyl ether:petroleumether 40-60). The resulting

resi dud was Exampleafldd with met hanol and the preci pitate was filtered off,
washed with 25net hanol, and dried under vacuumto give a dark red solid.
Recrystallisation twice from [ 479% as

dar k- red needl&Bifluarg:5.1bis(ey

0.41 (s, 12H, 4CH3) 0.92-1.03 (2H 1. 30-1 50 (bm loH Gp))
N T e
(s, 2i—|1OAr H) puFficatjsrebyl @ash- chromatography on silica (10:1 light petroleum ether-

352, 8- Di et h h

L B o ADEEM! %%?@?%k&g@#%ﬂ?ﬁ%%@ww wﬂ“—’?ﬂ“”?&ﬁhf on
of (tert- butjDSﬁJ)reHI‘NNB? (§P e S0P MR&): 31(Pp1) T0-81120 b 36 thoxane (30
cnB) al 0 C yplen ) kr.oGenSMABHINGIE (MS3HYders (mBak) 1(547451 onﬁ, 2.5Min

hexanes, 12.8

r oom t enper at!9%(d; o’r é% %Wg@ogéz%?ﬁo % EHLEThy, é‘§73(8| | Youas ﬁ_tll rred at
15

Example 14

2 8-Difluoro-5,11-bis(tert-butyldiethylsilylethynyl)anthradithiophene

20 The pure product was obtained as red needles in 76% yield after a
purification by flash-chromatography on silica (cyclohexane eluent) and a
recrystallisation from 2-butanone-ethanol. Mp: 234 °C (onset, DSC). H-
NMR (CDCl;, 300 MHz): 3 (ppm) = 0.92 (m, 4H), 1.19 (s, 9H), 1.29 (t, J=
7.9 Hz, 6H), 6.80 (d, J = 2.5 Hz, 1H), 8.89 (s, 1H), 8.95 (s, 1H).

25

Example 15

5.11-Bis(cyclohexyldimethylisilylethynyl)anthradithiophene (cHDMS-H-
ADT)

30

35



15 Di net hyl ant hr adi t hi ophene-5, 11-di one (1.500 g, 4.305 mmol) was added in
one portion as a solid and the m xture was heated at 50 C for 1 hour. The
resul ti ngwoear(3oés9m xture was stirred at 20 C for 17 heorgP2i1190doaé i on of
SnCl 2 (3.265 g) in water (18 cnB) and §gi@HCI (1.5 cnB) was added portion
W se to the reaction m xture, which was stirred for an additional 40 20
mnutes in the dark. The reaction m xture poured into nethanol (250 cnB)
and the precipitate was renoved by filtration. The filtrate was
concentrated in vacuo and and purified by col utm chr omat ogr aphy on silica
gel (eluent: cyclohexane). The resulting rgsidue was triturated with

met hanol and the precipitate was filtered aff/ washed with nmethanol, and
dried under 25 vacuumto give a purple $plid. Recrystallisation from MEK
yi el ded the product (1.900 g, 74% as purple needles. Mp.: 240C (DSC).

1H NMR (CDCI 3, 300 MHz): 8 (ppm) 7 A, CH3) 1.18 (s, 18H, CH3),
2.64 (5, 6H, CH3 ), 7.08 (s, 2H,\§L /2H, ArH), 8.97 (s, 2H
ArH). 30Exanple 17: Transistor Fa n and Measurenent WO

2012/ 031659PCT/ EP2011/ 004076 - 63 - el eqglirode was deposited. The el ectrical
characterization of the transistor deyices was carried out in ambient air
at nmosphere using conputer controll&d Agr|ent 4155C Sem conductor Paraneter
Anal yser. Charge carrier nmobility in thel saturation regine (psat) was

cal cul ated for the 5conmpound and the results are summari zed in Table 5.
Field-qfgfect nobility was calculated in the saturation reginme (Vvd >

(Vg-Vo)) usi RY, £aYRtbADBFEtynyIE)tHexyldimetlyisilan ({78289 -4401 mmol) in
dioxane (10 cm?) at 0 °C under nitrogen atmosphere was added n-BulLi
(1.75 cm®, 2.5M in hexanes, 4.375 mmol) dropwise over 30 minutes. The
solution was stirred at room temperature for 60 minutes.

15 Anthradithiophene-5,11-dione (0.470 g, 1.467 mmol) was added in one
portion as a solid and the mixture was heated at 50 °C for 1 hour. The
resulting reaction mixture was stirred at 20 °C for 18 hours. A solution of
SnCl, (1.113 g) in water (6 cm®) and 35% HCI (0.5 cm®) was added portion
wise to the reaction mixture, which was stirred for an additional 40 minutes

20 in the dark. The reaction mixture poured into methanol (100 cm®) and the
precipitate was removed by filtration. The filtrate was concentrated in
vacuo and and purified by column chromatography on silica gel (eluent:
1:1 diethyl ether:petroleum ether 40-60). The resulting residue was
triturated with methanol and the precipitate was filtered off, washed with

25 methanol, and dried under vacuum to give a dark red solid.
Recrystallisation twice from MEK yielded the product (0.430 g, 47%) as
dark-red needles. M.p.: 208 °C (DSC). "H-NMR (CDCls, 300 MHz):

& (ppm) = 0.41 (s, 12H, 4CHj3) 0.92-1.03 (m, 2H, CHy), 1.30-1.50 (bm,
10H, CH,), 1.75-1.90 (bm, 6H, CH>), 2.00-2.10 (bd, 4H, CH,), 7.45-7.47

30 (d, J=5.75 Hz 2H, ArH), 7.55-7.57 (dd, J = 5.70 Hz, 2H, ArH), 9.10 (s, 2H,
ArH), 9.16 (s, 2H, ArH).

Example 16

35 2.8-Dimethyl-5,11-bis(tert-butyldimethyisilylethynyl)anthradithiophene
(tBDMS-Me-ADT)




dv g Jvd (1) where Wis the channel width, L the channel length, G

capaci tance of insulating |ayer, Vg the gate voltage, Vo the turn-on
vol t age, wOQ0f2A8a59i s t he charge carrier nmobility in theCTaroriaiodmne
Turn-on vol tage (Vo) was determ ned as égg onset of source-drain cur

Table 5. Mobilties (psat) for conpound

anples in top-gate OFETs.

t he

regi ne.
rent.
Exanpl e

Mobility (sat) / cn2Ns 1 0.5 2 0.6 3 4 x 10-3 4 1.050.57 0.980.79
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To a solution of (tert-butyldimethylsilyl)acetylene (1.812 g, 12.915 mmol) in
dioxane (30 cm?) at 0 °C under nitrogen atmosphere was added n-BulLi
(5.15 cm?, 2.5M in hexanes, 12.875 mmol) dropwise over 30 minutes. The
solution was stirred at room temperature for 60 minutes. 2,8-
Dimethylanthradithiophene-5,11-dione (1.500 g, 4.305 mmol) was added
in one portion as a solid and the mixture was heated at 50 °C for 1 hour.
The resulting reaction mixture was stirred at 20 °C for 17 hours. A solution
of SnCl, (3.265 g) in water (18 cm?) and 35% HCI (1.5 cm?®) was added
portion wise to the reaction mixture, which was stirred for an additional 40
minutes in the dark. The reaction mixture poured into methanol (250 cm?)
and the precipitate was removed by filtration. The filtrate was concentrated
in vacuo and and purified by column chromatography on silica gel (eluent:
cyclohexane). The resulting residue was triturated with methanol and the
precipitate was filtered off, washed with methanol, and dried under
vacuum to give a purple solid. Recrystallisation from MEK yielded the
product (1.900 g, 74%) as purple needles. M.p.: 240 °C (DSC). 'H-NMR
(CDCl3, 300 MHz): 8 (ppm) = 0.41 (s, 12H, CH3) 1.18 (s, 18H, CHj3), 2.64
(s, 6H, CH3 ), 7.08 (s, 2H, ArH), 8.86 (s, 2H, ArH), 8.97 (s, 2H, ArH).

Example 17: Transistor Fabrication and Measurement

Top-gate thin-film organic field-effect transistors (OFETs) were fabricated
on glass substrates with photolithographically defined Au source-drain
electrodes. A solution (0.5-2.0 wt. %) of the compound example was spin-
coated or drop-cast ontop. Next a fluoropolymer dielectric material (D139)
was spin-coated ontop. Finally a photolithographically defined Au gate



0.6 10 0.33 11 0.15 12 3 x 10-5 14 0.5 15 0.4 16 0.06 - 64 - Patent C ains
1. Compounds of fornmula | ARR R' 5 11 10 ARRIR' 15wherein the individual
groups hawe 20123i@b| ow ng neani ngs PCT/EP2011/004076
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electrode was deposited. The electrical characterization of the transistor
devices was carried out in ambient air atmosphere using computer
controlled Agilent 4155C Semiconductor Parameter Analyser. Charge
carrier mobility in the saturation regime (usa) was calculated for the
compound and the results are summarized in Table 5. Field-effect mobility
was calculated in the saturation regime (V4 > (Vg-Vo)) using equation (1):

di,”™ WC,
=—p"(V, =V)
( dVg JV L ? °

(1)

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.t is the
charge carrier mobility in the saturation regime . Turn-on voltage (Vo) was
determined as the onset of source-drain current.

Table 5. Mobilties (usat) for compound examples in top-gate OFETs.

Example | Mobility (usat) / cm?Ns
1 0.5
2 0.6
3 4x10°
4 1.0
5 0.5
7 0.9
8 0.7
9 0.6
10 0.33
11 0.15
12 3x107
14 0.5
15 0.4
16 0.06




one of Y1 and Y2 is -CH= or =CH and the other is -X-, one of Y3 and Y4 is
-CH= or =CH and the other is -X-, 20 Xis -0-, -S-, -Se- or Als Cor Si,
25R1 and W2 2ordsBpeéndent | y of each other denote H, F, C PCBEP2011/0840r@i ght
chain, branched or cyclic alkyl with 1_53_20 C-atons, which is
unsubstituted or substituted by one or nore groups L, and wherein one or
nore non-adj acent CH2 groups are optionally replaced, in each case

i ndependent|y from one 30another, by - 0- -S-, -NR, siRoRoo 7 _cyo=cyoo_
or CC- in such a manner that O anslh gﬁﬁgs are not linked directly to
one another, or denote aryl or heteroaryl wth 4 to 20 ring atons which is
unsubstltuted or substituted by one or nore groups L, 35 R R, R' are

i denti cal or 1di f Conepaungisoefforseleect ed from the group - 65 - consisting of
H, a straight-chain, branched or cyclic al kyl or al koxy group having 1 to
20 C atons, a straight-chain, bramRigd or cyclic al kenyl group having 2 to
20 C apons, a straight-chain, brjanched or cyclic alkynyl group having 2 to
20 C atons, a straight-chain, lfnched or cyclic al kyl carbonyl group having
2 to 20 C atonms, an aryl or hetefloaryl group having 4 to,20 ring atons, an
aryl al kyl or heteroaryla kyl .V|-g 4 to 20 ring a{ons an aryl oxy or
het er oar yl oxy group hay ‘ , or an 10ary|alky|oxy or

het er oaryl al kyl ox r| 2o0ms, wherein all the
af orenenti oned gr ‘ tu ed vvlth one or nore groups L,
Lis selqgcted fromP Sp- , - 15NCO, - NCS,

C(=0) R, -NRR C( O)OH, optionally
substituted aryl or heteroaryl r‘vi ng 4 to 20 ring atons, or straight
chain, branched or cyclic alkyl Mith 1 to 20, preferably 1 to 12 C atons
wherei n one or nore non-adj acentAﬁﬁZRgr oups are 20optionally replaced, in
each case independently from one another, by -0-, -S-, -NR-, -Si RoRoo_,
_CyO=Ccyoo0_ or C--C in such a nmanner that 0 and/or S atons are not |inked

directiqs to one Wr@ﬂth@ﬂﬁdiﬁuﬂl‘gk@f&ﬁ%tﬁetfdtl@ﬂir@rméuhmbist uted with one
or nore F or d atons or groups, 25

~OCN, -SCN, -C(=0)NRR, - C(=0) X,

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-,

20
X is -O-, -S-, -Se- or -NR*-,
A is C or Si,
25 R' and R? independently of each other denote H, F, CI, Br, |, straight

chain, branched or cyclic alky! 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
30 another, by -O-, -S-, -NR’, -SiR°R%-, -CY°’=CY®- or -
C=C- in such a manner that O and/or S atoms are not
linked directly to one another, or denote aryl or heteroaryl
with 4 to 20 ring atoms which is unsubstituted or
substituted by one or more groups L,
35
R, R, R" are identical or different groups selected from the group



Pis a polynerisable group, Spis a spacer group or a single bond, 30X s

hal ogen, Rxhas one of the neani ngs given for Ri, R and R

I ndependewol2g120i31€sach ot her denote H or alkyl with 1 topr8PaPr2@iavone, WO
2012/ 031659PCT/ EP2011/ 004076 - 66 - Y g_vai ndependent|ly of each ot her
denote H F, Cd or CN, mis 1 or 2, nis or 2, wherein in at |east one
group ARR R' at least two of the substituents RR R and R' are not

i dentical. 102. Conpounds according to claiml, wherein Xis S. = 3.

Conpounds according to clLgi , L HYIT BRanéhed offevdieIRyNds
according to one or mrebg?géhq)%%ﬁiarggg@t%%ﬁc%?i z(eed01%¥n thg*' they are
a mxture of isoners, wheFalkexygrewe having: {osefrer atons: asirajght-¢hainy, - angd

in thefselco_nd iioperBYl Era\fpch@acbr\@,cﬁ_c}gsﬁ?@{g,@g@pgmﬁgsza%(z@r(dian@ns;)aone or
nore of clalns o 3, characterized In a . n ' are.

i ndependent |y sel ect ed f?@ﬁﬂgg‘i'fzf‘%‘a f?p%gugsﬁq'ﬁ?@%gﬂ@%’f)?ﬁ%ﬁ-ﬁgﬂai n,
branchgd or cyclic al kyl 26rC atdmosya btaaight-chaing bianabeatamsycliohi ch is for
exanpl e nethyl, ethyl, n: ' r :

2, 3-di met hyl cycl opropyl, ag{y%%él?%m}ltﬁg ?gﬁé%@%gc?@?r)%%b?s agy%rlyl)ght yl,

cycl opentyl, methoxy or beteiegryl gpumhaying riegieéemanen SHAAKYHAr- chai n,
At oms, which 15 for examirs Ry TKNEroab itk 48 DTG MG anariexg 2 ©

ci s-2-but-2-enyl, 3-but -ngf Bﬁ TPXMW@PP%%{&F% %dﬂﬂg %Wéﬁ*)?rﬁﬁbst i tuted
aryl, Reteroaryl, aryl al ky}lamyldygtcehetenan)iikyloxagydax iavinghete2®angl oxy

having © 1010 111G at O, ' Ghelein B STBerRBREY grofd 3l - Pen=Y!.

optionally substituted with one or more groups L,

L is selected from P-Sp-, F, Cl, Br, |, -OH, -CN, -NO;, -

15 NCO, -NCS, -OCN, -SCN, -C(=0)NR°R®, -C(=0)X?, -
C(=0)R®, -NR°R?, C(=0O)OH, optionally substituted aryl or
heteroaryl having 4 to 20 ring atoms, or straight chain,
branched or cyclic alkyl with 1 to 20, preferably 1to 12C
atoms wherein one or more non-adjacent CH, groups are

20 optionally replaced, in each case independently from one
another, by -O-, -S-, -NR’-, -SiR°R%-, -CY°=CY%- or -
C=C- in such a manner that O and/or S atoms are not
linked directly to one another and which is unsubstituted or
substituted with one or more F or Cl atoms or OH groups,

25

P is a polymerisable group,

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

R* has one of the meanings given for R’,

R® and R® independently of each other denote H or alkyl with 1 to
35 20 C-atoms,



30sel enophenyl , N-net hyl pyrrol -2-yl or phenoxy. 6. Conpounds according to
one or nore of clains 1 to 5, characterized in that Rl and R2 are sel ected
from t he §yoaor/wwsgi sting of H F, O, Br, |, -CN, and $CT&Pg#1/0649a6 n,
branched or cyclic al kyl, al koxy, 35th|g IkyI al kenyl , al kynyl

al kyl car bonyl , al koxycarbonyl, al kyl carbonyl oxy, al kyl carbonyl am do,

al kyl am docar bonyl or WD 2012/ 031659PCT/ EP2011/ 004076 - 67 -

al koxycarbonyl oxy with 1 to 20, preferably 1 to 12 C atons which is

unsubsti tut ed Orgsgggwq"mo%ﬁe‘ﬂdbhtlpwe%h B dendte A, FAOPBB ON, OH groups or
perfluorinated. 57 Conpounds according to one or more of clains 1 to 5,

characterized in that RL and R2 are selected fromthe group consisting of
furan, thiophenem sel enoghte2, N-pyrrole, pyrimdine, thiazole,

t hi adi azol e, oxazol e, oxadi azol e, selenazole, bi-, tri- or tetracyclic
groups contai ning one or nore of the aforenmentioned rings and optionally
10cont &i ni ng onenor noreishémwzrene rings, wherein the individual rings are
connected by single bonds or fused wi th each other, thieno[3,2-

b] t hi ophene, dithieno[3,2-b:2",3" -d]thi ophene, selenopheno 2-

b] sel enophene- 2, Bwirein, ln%l'@ﬁﬂﬁ@ﬁpﬂpﬁ REe1 ¢ herstdwe of the gpbstituents

sel enopheno[ 3, 2- ¢@| hqng“gnét@bﬁhemselenopheno[2 3- b] t hi ophene-

152, 5-diyl, benzo|'1, 2- b 4, 5- bl di t hi ophene-2, 6-diyl, 2,2-dithiophene, 2, 2-

di sel enophene, dithieno[3,2-b:2",3 -d]silole-5,5- din 4H cycl opent a

[2,1-b19 4- bI2d|tImd?ﬁb@unﬂis?aﬁedd;dg,totxﬂmnol]bﬂvhhrem%ses benzo[ b] sel enophene,
benzooxazol e, benzot hi azol e, benzosel enazol e, wherein all the

af orenenti oned groups are unsubstituted, or 20substituted with one or nore
groups L as defi rmdnpoumﬂsaamqrdlr&tocdalﬁb&rmg adheveidimg & lone or nore of

claims 1 to 7, characterized in that they are selected fromthe foll ow ng
fornul ae SRRR - 68 -
4. Compounds according to one or more of claims 1 to 3, characterized

15 in that they are a mixture of isomers, wherein in the first isomer Y=
Y3 and Y2 = Y*, and in the second isomer Y' = Y* and Y? = Y2,

5. Compounds according to one or more of claims 1 to 3, characterized
in that, R, R' and R" are each independently selected from optionally
20 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, cyclopropyl, 2,3-dimethylcyclopropyl, 2,2,3,3-
tetramethylcyclopropyl, cyclobutyl, cyclopentyl, methoxy or ethoxy,
optionally substituted and straight-chain, branched or cyclic alkenyl,
25 alkynyl or alkylcarbonyl having 2 to 12 C atoms, which is for example
allyl, isopropenyl, 2-but-1-enyl, cis-2-but-2-enyl, 3-but-1-enyl,
propynyl or acetyl, optionally substituted aryl, heteroaryl, arylalkyl or
heteroarylalkyl, aryloxy or heteroaryloxy having 5 to 10 ring atoms,
which is for example phenyl, p-tolyl, benzyl, 2-furanyl, 2-thienyl, 2-
30 selenophenyl, N-methylpyrrol-2-yl or phenoxy.

6. Compounds according to one or more of claims 1 to 5, characterized
in that R and R? are selected from the group consisting of H, F, ClI,
Br, |, -CN, and straight chain, branched or cyclic alkyi, alkoxy,
35 thioalkyl, alkenyl, alkynyl, alkylcarbonyl, alkoxycarbonyl,
alkylcarbonyloxy, alkylcarbonylamido, alkylamidocarbonyl or
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alkoxycarbonyloxy 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 or perfluorinated.

5 7. Compounds according to one or more of claims 1 to 5, characterized
in that R' and R? are selected from the group consisting of furan,
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

10 containing one or more benzene rings, wherein the individual rings
are connected by single bonds or fused with each other, thieno[3,2-
b]thiophene, dithieno[3,2-b:2’,3’-d]thiophene, selenopheno[3,2-
b]selenophene-2,5-diyl, selenopheno[2,3-b]selenophene-2,5-diyl,
selenopheno[3,2-bjthiophene-2,5-diyl, selenopheno[2,3-b]thiophene-

15 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’]dithiophene-2,6-diyl, benzo[b]thiophene, benzolb]
selenophene, benzooxazole, benzothiazole, benzoselenazole,
wherein all the aforementioned groups are unsubstituted, or

20 substituted with one or more groups L as defined in claim 1.

8. Compounds according to one or more of claims 1 to 7, characterized
in that they are selected from the following formulae

25 SiRRR"
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35
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Hz of 3.3 or less, and optionally one or nore solvents. 11. Use of
conpounds and fornul ati ons accordi ng according to one or nore of clains 1
to 8 as cwerge/@ie@nsport, sem conducting, 30electrical | pcemrauacivd4age

phot oconducting or light emtting mat erF _in an optical, electrooptical,
el ectronic, electrolum nescent or photolum nescent conponents or devices.
12. Charge transport, sem conducting, electrically conducting,

35phot oconducting or light emtting nmaterial or conponent conprising one or
nore conpounds or fornul ati ons @8ERRdi ng to one or nore of WO

2012/ 031659PCT/ EP2011/ 004076 - 0 - clainms 1 to 8. 13. Optical,

el ectrooptical, electronic, ele¢trolum nescent or photol um nescent
conmponent or devi ce _conpri sing re conpounds, formulations,
materials or conpg oy/ “- of claims 1 tp, 12. 14.
Conmponent or devi ) Haracterized in that it is
select&d fromthe group Tonsi sting of organl c field effect transistors
10(COFET), thin filmtransistors|||( TFT), integrated circuits (1C, logic
circuits, capacitors, radio freguency identification (RFID) tags, devices
or conponents, organic |ight ensSiRR'RY di odes (OLED), organic light emtting
transistors (OLET), flat panel digpm@us, backlights of displays, organic
phot ovol tai ¢ devices (OPV), solar|l5cells, |aser diodes, photoconductors,
phot odet ect ors, el ectrophot ogr aphj |c devi ces, el ectrophotographic recording
devi ceqQ organic menory devi ces sensor deV| ces, charge injection |ayers,
charge transport [Fa S yrer | ight emtting diodes
(PLEDs), organic pl , Schottky 20di®des, plana
rising layers, antistdtic $17I's%; per el ecSro gt e nmenbranes (PEM
conducting substrates, conductinglpatterns, electrode materials in
batteries, alignnent |ayers, biosgnsors, biochips, security markings,
security devices, and conponents rRﬁlﬁvl ces for detecting and

di scri mjgrati ng DNA sequences. 25 15. Method of preparing a conpound
according to one or nore of clains 1 to 8, conprising the steps of: a)
Treating a dichlorosi|ane of the fornmulg Sid2R2 wth g solution of R MyBr,
wherein R and R Vm%eﬁbaﬁdg?ﬁﬂ@@eiq{ef% r§d| in oﬂ%m\l\i?&ﬁp?@yl‘% 4@05‘3% rst

al kyl group and Rkylwith2,28 beaC apmsip or a second al kyl group that is
different fromthe first alkyl group, to yield a chlorosilane of the
formula SiICIR2ZR, b) reacting the chlorosilane SiCIRZR fromstep a) with

Li - Cm Gy R3, dwherfairmufation edrkptisinameesramprecomphyhds agcyrdingita ere or

correspondi ng pr qf g6t §biSih& %o 8 arid'6né oF b digahic SovanteR

10. Organic semiconducting formulation comprising one or more
compounds according to one or more of claims 1 to 8, one or more
25 organic binders or precursors thereof, having a permittivity ¢ at 1,000
Hz of 3.3 or less, and optionally one or more solvents.

11. Use of compounds and formulations according according to one or
more of claims 1 to 8 as charge transport, semiconducting,
30 electrically conducting, photoconducting or light emitting material in
an optical, electrooptical, electronic, electroluminescent or
photoluminescent components or devices.

12. Charge transport, semiconducting, electrically conducting,
35 photoconducting or light emitting material or component comprising
one or more compounds or formulations according to one or more of
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silane HCC- SiRRR directly. d) lithiating the silane HGC ---C Si R2RI
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lithiumsilylacetylide Li-CCSIR2ZR fromstep d) with dithienoanthraqui none,
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HQ, topyield thgqiéaéé}'maﬁé}?éiﬁgl 15)eRs, ArtisestiEnlinat polyfer@legsolgteup! i ng the

di hal ted di t f t i
I hal ogenat ed di melmgrg,f,gse?ﬁsm cont uc?inggugétrates, conducting patterns,

electrode materials in batteries, alignment layers, biosensors,
biochips, security markings, security devices, and components or
devices for detecting and discriminating DNA sequences.

25
15. Method of preparing a compound according to one or more of claims
1 to 8, comprising the steps of:
a) Treating a dichlorosilane of the formula SiCl;R> with a solution of
R'MgBr, wherein R and R’ are as defined in formula |, for
30

example R is a first alky! group and R' is an alkenyl group or a
second alkyl group that is different from the first alky! group, to
yield a chlorosilane of the formula SiCIR2R',

b) reacting the chlorosilane SiCIR2R' from step a) with Li-C=C-
35 SiR%, wherein R° is alkyl, for example methyl, to yield the
corresponding protected silane of the formula R%Si-C=C-SiR;R,
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16.

the formula Li-C=C-SiR;R’,

e) reacting the lithium silylacetylide Li-C=C-SiR;R' from step d) with
dithienoanthraquinone, which is optionally substituted in 2-
and/or 8-position by R and/or R? as defined in formula I, to yield
the corresponding diol,

f) reacting the diol from step e) with a reducing reagent, for example
SnCl,, under acidic conditions to afford the anthra[2,3-b:7,6-
b’dithiophene, which is substituted by -C=C-SiRzR' groups in 5-
and 11-position and optionally substituted by R' and/or R? in 2-
and/or 8-position.

Method of preparing a compound according to one or more of claims
1 to 8, comprising the following steps:

a) Reacting 2,3-Thiophenedicarboxaldehyde diacetal with
alkyllithium, LDA or another lithiation reagent, and then reacting
the resulting compound with a halogenation agent including but
not limited to carbon tetrachloride, 1,2-dichloroethane, carbon
tetrabromide, 1,2-dibromotetrachloroethane, 1,2-dibromoethane,
1-iodoperfluorohexane, iodinechloride, elemental iodine, to afford
the 5-halogenated 2,3-thiophenedicarboxaldehyde diacetal,

b) deprotecting the 5-halogenated 2,3-thiophenedicarboxaldehyde
diacetal from step a) 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,
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c)

d)

-72-

treating the quinone of the dihalogenated acenodithiophene from
step b) with a lithium silylacetylide of the formula Li-C=C-SiRzR’,
which is for example obtainable by a process as described above,
and wherein R and R' are as defined in formula |, for example R is
a first alkyl group and R' is an alkenyl group or a second alky!
group that is different from the first alkyl group, followed by a
hydrolysis, for example with diluted HCI, to yield the dihalogenated
diol intermediate,

cross-coupling the dihalogenated diol intermediate from step c)
with a corresponding heteroaryl boronic acid, boronic ester,
stannane, zinc halide or magnesium halide, in the presence of a
nickel or palladium complex as catalyst, to yield the heteroaryl
extended diol,

reacting the heteroaryl extended diol from step d) with a reducing
agent, for example SnCl,, under acidic conditions to afford the
2,8-diheteroaryl-anthra[2,3-b:7,6-bJdithiophene which is
substituted by -C=C-SiR;R' groups in 5 and 11-position, or

b2) alternatively to steps b)-e), reacting the 5-halogenated 2,3-

thiophenedicarbox-aldehyde diacetal obtained by step a) in a
cross-coupling reaction with a corresponding heteroaryl boronic
acid, boronic ester, stannane, zinc halide or magnesium halide,
in the presence of a nickel or palladium complex as catalyst,
deprotecting the resulting product and condensing with a cyclic
1,4-diketone as described in step b), treating the resulting
product with the lithium silylacetylide of the formula Li-C=C-
SiR,R' followed by hydrolysis as described in step c¢), and
aromatising the resulting 2,8-diheteroaryl extended diol by
reacting it with a reducing agent as described in step e), to afford
the 2,8-diheteroaryl-anthra[2,3-b:7,6-b’|dithiophene which is
substituted by -C=C-SiR2R' groups in § and 11-position.



