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Pol ynmers and their Use as Organic Sem conductors Field of the Invention

The i nverwOanmwmeaBates to novel phenanthro[1l, 10,9, 8-c, d, eCir/Eypaaobasnl e

pol ynmers, nethods and materials for theiq.preparation, their use as

sem conductors in organic electronic (OE) devices, and to OE devices
conprising these polyners. Background of the Invention In recent years,

t here has been devel opnent of organic sem conducting (OSC) materials in

order to prodpfRaERitRrd@’f6.0i8-8,d, é%éaﬂfﬁolé'ﬁﬂ&hﬁk%n@ﬂf&ﬂ tR% asuch
materials find application in devi ces or apparat us,

i ncl uding organic field effectgfg%ﬂ'scl ? %W‘@‘E‘I‘L’?, organic light emtting
di odes (OLEDs), photodetectors, organic photovoltaic (OPV) cells, sensors,

menory el ene 1? a Ilo%ic.circuits to name just a few The organic

sem conduct i E@%ﬂ&&&—@—% typically present in the electronic 20device
in theSformof a thin layer, for exanple less than 1 micron thick. The
per formance v carrier
mobi 1 1y of 11ie MEhR1aEEEs 16 nBuolie o 0% 400 o 1 eilBBe R o
the ideal sepolymeds,cnethadsoan mﬁe@alafon)thatrowmratmrt yheinus@@sof f state,
25conbi ned V‘%ér?m%nﬁh@ibry}‘% @Eféc%ron'i@ w@éslaﬁd @O@@?ﬁcé{é s-1.. )

I n addition |S|r’rRor ant he se con uctlng materi a |srelat|vely
stabl e to oxfaPIigATit gseppma%rsa h| gh ionisation potential, as oxidation
| eads 10 reduced device performance. Further requirenments for t he

sem conduct i mat er i aIf are a q.ood processability, especially for

| ar ge- scal e Q&@J&Hﬂ&&&@j@ﬁmﬁm ayers and desired patterns, and high

stability, filmuniformty and integrity of the organi c sem conductor

| ayer. Nitroge - have

denonstr at edﬁ\% éﬁg¥€+%g §rﬁaa{sr%ér;gg{pgﬁgﬁﬁmeﬁttoﬂ%ﬁrﬁ%%gﬁ %’349@{‘@” al s

35have been (296) opaderials m@k@erat@\mndagenmret\rﬁrsawﬁymlcwt elestronid n

organi ¢51 i ghijeRELd IS iih ARNEEAS ihE'ddication H 9306 rhh§é dr aEliges orr ansi stors
apparatus, including organic field effect transistors (OFETs), organic light
emitting diodes (OLEDs), photodetectors, organic photovoltaic (OPV)
cells, sensors, memory elements and logic circuits to name just a few. The
organic semiconducting materials are typically present in the electronic

20 device in the form of a thin layer, for example less than 1 micron thick.

The performance of OFET devices is principally based upon the charge
carrier mobility of the semiconducting material and the current on/off ratio,
so the ideal semiconductor should have a low conductivity in the off state,

25 combined with a high charge carrier mobility (> 1 x 10° cm?V's™). In
addition, it is important that the semiconducting material is relatively stable
to oxidation i.e. it has a 'high ionisation potential, as oxidation leads to
reduced device performance. Further requirements for the semiconducting
material are a good processability, especially for large-scale production of

30 thin layers and desired patterns, and high stability, film uniformity and
integrity of the organic semiconductor layer.

Nitrogen containing small molecules, oligomers and polymers have

demonstrated interesting hole transport properties."5 Various materials
35 have been developed to take advantage of this physical property in

organic light emitting devices (OLED), in organic field-effect transistors



2 (COFET) and organic photovoltaic cells (OPV). However, nost of those
materi al s show poor solubility or poor structural organlzation in the solid
st at e. 1- SwBuntiasrmr e, t hese naterials have general | y r equiRPeaoooszp? ex
synthetic routes to yield the final %%Ia|. 5 Therefore, there is still a
need for OSC materials that are easy to Synthesize, show good structural
organi zation and filmform ng properties, exhibit good el ectronic
properties, especially a high charge carrier nobility, good processibilty,
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an ai npof the present invention to provide conpounds for use as organic

sem conduct i terials th t he dravvbacks of prior art
material s as?g%'g re@é'&?rgﬂﬁ\ﬁg ' %P%efgﬁggﬁﬁ mafarials that ar%ﬁé‘sMgoespem ally
Solvents, hi g gharce carace uptiiy et | o b qan PGPS of
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25 The 1 nven ors o) I NVen have f ali s can be
achi eved by maé\ailqwn@nm@ﬂ chageibjasionintodhersenicaadueting I’atsresﬁomat erials

are based onyROdNIFBEUrSPIBIELELASs Tt e |H%Pvmgaﬂ{éiéq§ é need%of O
c,d, e f, g]carb?zole unjts. 30 It was q_ﬂ& at t hese (gf ner s are swtable
WV FEe 95

for use as CHEGRAIRNAXING 3 Jow bapdraan. kle imyrave tharvesting and opv

cells, and apy tHepbetdactine baydr drayedn leaditothigheyssll effitiehcids. i n pol ymer

| i ght g\ tti ng di odes (PLEDs), as they have good processibility and
solubilrty, and at the sane 35tine show a high charge carrier nmobility, a
| ow band- gapltavas an hirglof dxé gaeseand imteadioni toyprovide compounds for use as

organic semiconducting materials that do not have the drawbacks of prior
art materials as described above, are easy to synthesize, and do
especially show good processibility, high stability, good solubility in

20 organic solvents, high charge carrier mobility, and a low band-gap.
Another aim of the invention was to extend the pool of organic
semiconducitng materials available to the expert. Other aims of the
present invention are immediately evident to the expert from the following
detailed description.

25
The inventors of the present invention have found that these aims can be
achieved by providing materials as described hereinafter. These materials
are based on polymers comprising one or more phenanthro[1,10,9,8-
c,d,e,f,g]carbazole units.

30

It was found that these polymers are suitable for use as OSC materials in
electronic devices, especially in OFETs and OPV cells, and as charge
transport layer or interlayer material in polymer light emitting diodes
(PLEDs), as they have good processibility and solubility, and at the same

35 time show a high charge carrier mobility, a low band-gap and a high
oxidative stability.



WO 2011/ 018144PCT/ EP2010/ 004262 3 In particular it was found that polyners
havi ng one or nore phenanthro[1l, 10,9,8-c,d, e, f, g]carbazole units have
sim | ar hwbeotwEassport and photovoltaic properties conpaCcewpRao0/004262

pol ycar bazol es, but wi th 5inproved pi-piqstacking and solid state

organi zation. Initially reported in 20016 poly(2, 7-carbazol e)s have been
suggested as materials for organic electronic, particularly for OPV with
power conversion efficiency < 6 %7-9 Simlar to this carbazole core, the
synt hesi s 10of phenanthro[1, 10,9, 8-c,d, e, f, g] carbazol e core has been
recently reported. 10-12 The phenanthro[ 1, 10,9, 8-c, d, e, f, g] carbazol e and

ot her simi | ain pafticularitwas éaund that petmeis- fAViRg QBRIATGNPIE the solid state. 11

For exanpl e pReRERtHFEN 1101880 &, 8 F bIiAPRLNE unitd ihahel SmAdr helrarARIgr C
anal ogue, the internolecul ar packinhg results | nﬂ%agb%gggol e nobility (0.05

pack
15cnR. V- 1. s- 80diARoteNQiaNG PFARSEHSS Campated)in PolyS Bt WilBbi 1ity (0.8

cnR. V' 5. s- 1) improvetd Pigi stackirg ant selifskate okgamigatorer , there have been no
reports that the phenanthro[1, 10,9, 8-c,d, e, T, g]carbazole unit has been

successfully integrated into a _polyneric structure. The |ow solubility of
the initiall miﬁdtyaepedepharmmﬁmlyxzyecékbazcle% have Heenlsamgestest asict ur e

i nl usi on' of NERETAR(AaadBhf: BieBBoUE baftcUany il CRy Ml poWel oI uoture,
nanel y the benversion effieiengyat @r"/pyf’@rmjlar tonthés earbaizgleecare, the sipthesiswoul d
the polomer DRREiaRAldl? 10,08 Gfe] QlcanSasdlocble s Be R ey ot The
Invention  reporigd. i nvdhei rhienanthiobt, 105, 8 &g 8dglerrbggrimand ofsipr i si ng one
or more i dentingiRdr defriveliiféLermibitigRRRIPI Stabkinginthelsdlidtatel ! For
(phenanthro[ 1,10.9, 8- 30¢,.d,. e, f, arpbazole and.its.derivatives): WO
2011/ 01814 4Pe¥§@p%)m%ﬁ>igé%b,c%ﬁuop ene, whlgh is an |soelec\{ron|c
analogue, the intermolecular packing results in a high hole mobility (0.05
15 cm?V'.s™") in thin-film OFETs and significantly higher mobility (0.8 cm?.\"
' s} in single-crystal wire OFETs."® However, there have been no reports
that the phenanthro[1,10,9,8-c,d,e,f,g]carbazole unit has been
successfully integrated into a polymeric structure. The low solubility of the
initially reported phenanthro[1,10,9,8-c,d,e,f,g]carbazole structure limits its
20 extension into a polymeric structure.'"'? Furthemore, the inclusion of the
phenanthro[1,10,9,8-c,d,e,f,glcarbazole ladder-structure, namely the bis-
N-annulated quaterrylene,'® into a polymeric structure would also result in
low solubility due to the highly extended aromatic unit in the polymer

backbone that would lead to aggregation.

25
Summary of the Invention
The invention relates to conjugated polymers comprising one or more
identical or different repeating units of formula | (phenanthro[1,10,9,8-
30 ¢,d,e f,glcarbazole and its derivatives):

35



wherein Ris on each occurrence identically or differently H, £ hal ogen, a
strai ght-chain, branched or cyclic alkyl with 1 to 35 C atons, in which one
or nore nwo-2adjeasamt C atons are optionally replaced byPCOAEP201800426 L0
-00-0-, -0-00-0-, -CR=CR- or -C _-2C acr]ﬂ_in whi ch one or nore H atons are
optionally replaced by F, d, Br, | or , or Ris an aryl, heteroaryl,

aryl oxy or heteroaryloxy group having 2 to 40 C atons that is unsubstituted
or substituted by one or nore non-aromatic groups RL, R and R are

i ndependently of eg Qr an optionally substituted carbyl or
hydr ocar byl group na pri sing one or nore hetero atons, 25Aris on
each occurrence idg differently an optionally substituted aryl

or heteroaryl gro C---- C-, Y1 and Y2are independently of

each other H F ofArgach occurrence identically or
differently H hal sgeq NC, -NCO, -NCS, -OCN, -SCN, -C(=0)NRR, -
C(=0) Xp -C(=0) R, -NH2, RORoo, -SH, -SR, -S03H, - SZR, -OH, -NO2, -CF3,
-SF5, optionally substifﬂt ed silyl, carbyl or hydrocarbyl with 1 to 40 C
atons that is optionall yR355ubsti tuted and optionally conprises one or nore
hetero atonms, or P-Sp-, WO 2011/018144PCT/ EP2010/ 004262 5 Pis a

pol yneri sabl e group, Spis a spacer group or a single bond, 5

wherein
10
R is on each occurrence identically or differently H, halogen, a
straight-chain, branched or cyclic alkyl with 1 to 35 C atoms,
in which one or more non-adjacent C atoms are optionally
replaced by -O-, -S-, -CO-, -CO-O-, -O-CO-0O-, -CR’=CR%-
15 or -C=C- and in which one or more H atoms are optionally
replaced by F, CI, Br, | or CN, or R is an aryl, heteroaryl,
aryloxy or heteroaryloxy group having 2 to 40 C atoms that is
unsubstituted or substituted by one or more non-aromatic

groups R’,
20 0 00
R and R are independently of each other H or an optionally
substituted carbyl or hydrocarbyl group optionally comprising
one or more hetero atoms,
25 Ar is on each occurrence identically or differently an optionally
substituted aryl or heteroaryl group, -CY'=CY?- or -C=C-,
Y'and Y2 are independently of each other H, F, Cl or CN,
30 R’ is on each occurrence identically or differently H, halogen, -

CN, -NC, -NCO, -NCS, -OCN, -SCN, -C(=0)NR°R%, -
C(=0)X?, -C(=0)R’, -NH,, -NR°R%, -SH, -SR®, -SO;H, -
SO,R?, -OH, -NO,, -CF3, -SFs, optionally substituted silyl,
carbyl or hydrocarbyl with 1 to 40 C atoms that is optionally

35 substituted and optionally comprises one or more hetero
atoms, or P-Sp-,



Xi s hal ogen, and ms on each occurrence identically or differently 0, 1, 2
or 3, 10and the benzene rings are optionally substituted wwth one or nore
groups RwOheilvmsmati on further relates to a m xture or Poir@rd010004262 Si Ng
one or nore polymers according to the préesent invention and one or nore
conpounds or polyners, preferably selected from conpounds and pol yners
havi ng 15sem conducti ng, charge transport, hol e/electron transport,

hol e/ el ectron bl ocking, electrically conducting, photoconducting or |ight
emtting properties. The invention further relates to a formnulation

conprising ope or nore.2 YR ds according to the present
I nvention and one or nﬁrgggl I ve'lr"%sb?é SF% erably selected fromorganic

solvents. The invention further relates to the use of polyners, blends and

formul ati onsS?ccor di ngisté’sgﬁfﬁ’,’p%@i@%’é QME@ Loty as charge transport,

25sem gonducting, electric nduct1 ng, photdconducting or |ight
emttivng material in optical, electrooptical, electronic,
el ectrol um ng8cent or phedlegen] aegcent conponents or devices. The invention
further relates to a charge transport, sem conducting, 30electrically
conducting, photoconducting or light emtting material or conponent .
conprising one or nor eighen gaeh occpreyeeiddtieatis opdiffeeenty et 1,ansr accor di ng
to the present invention. The invention further relates to an optical,
el ectrooptical or electronic 35conponent or device conprising one or nore
pol ynei €, ni andties bebrene singé @renoptivhaliyssulistitgtedavitts one armenei grospador di ng
to the present invention. WD 2011/018144PCT/ EP2010/ 004262

The invention further relates to a mixture or blend comprising one or more

polymers according to the present invention and one or more compounds

or polymers, preferably selected from compounds and polymers having

15 semiconducting, charge transport, hole/electron transport, hole/electron
blocking, electrically conducting, photoconducting or light emitting

properties.

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

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

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

The invention further relates to a charge transport, semiconducting,

30 electrically conducting, photoconducting or light emitting material or
component comprising one or more polymers, polymer blends of
formulations according to the present invention.

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



6 The optical, electrooptical, electronic electrolum nescent and

phot ol um nescent conponents or devices include, without limtation, organic
field ef fWototvEssitstors (OFET), thin filmtransi stors PTHEEP2018I0M262r at ed
circuits (1C), logic circuits, capacitarg. radio frequency identification
(RFID) tags, devices or conmponents, organic light emtting diodes (OLED),
organic light emtting transistors (CLET), flat panel displays, backlights
of displays, organic photovoltaic devices (OPV), solar cells, |aser diodes,
phot oconduct ors, phot odet ectors, el ectrophotographi c 10devi ces,

el ectr ophot ographi ¢ recordi ng. devi ces, organi ¢ nenory devices, sensor

devi ces, cha&@é qntjcabalestraqpficat elesironje eledipdwpinescaptard or interl ayers in
pol yner |i ghphefBilifinscehPe6mpoReRtsdr devieed ineludel simerfifritafion di odes

OPEDs), Schottky di | , tistati ' , |
fal ect rZ)I ytg Of'?égﬁiF'ﬁgégjdglmqfa%%éfﬁlzwﬁé?gSé'z'tﬁ'&\ntéé’?s'%lﬁéﬁﬁubﬁ ngpga%/[rg; ns,
el ectrbde rratkrgegmtsd icircbitg (1€),i legic ardmnemadiwye,rrsdidair@%w s, biochips,

t I { .aev] ces. .ol
ot oct i g antheniEe e HEFIh 26N, 060ee S AE cEHPRARER. RuGinit UCTUHNG e
Drawi ngs 20 HiagleseQLEDpwsgamie light/eduttingdrarisiatarst @LET), flat pdnein OPV devi ce
: q e . i e e ¢
e et oG, BEERRYRS B KA1 itlini DO e e o7 SElet 00 ©
copol yners basks lasen diedghahaieeengucters, ohetadeteetors, glectraphotographict |

preferadly ceairesi 8BchopRbidBrApHENECAIMIPI&iceS, shame rhambpy BEliges, These
polyners are synthesiized in a re lore%g(g?ﬁ[ nd regiosel ective fashion via

cheni cal 30p8FYPYr¥84EeD FhaigR INlesHRR: REOSHERERAM |3YEERES on are easy
t o synt hesi ztengyeshn polynsevVigtalenidirandiades YPLEDSpaITYaRiR, pladkena | ow

sol vents, " §oUHNGrSGe FOPERs) Sehobty tiolas Poasfarah aWsieiics.
hi gh oxi dat i fienstradlymiet glemtrolyde Inngrgbranes (PEM), conducting substrates,
15 conducting patterns, electrode materials in batteries, alignment layers,
biosensors, biochips, security markings, security devices, and
components or devices for detecting and discriminating DNA sequences.

Brief Description of the Drawings

20
Figure 1 shows the OPV device characteristics of an OPV device in
accordance with Example 6 the present invention.

Detailed Description of the Invention

25
This invention relates to a novel class of polymers and copolymers based
on the phenanthro[1,10,9,8-c,d,e,f,glcarbazole unit, preferably containing
a solubilizing group R, as shown in formula I. These polymers are
synthesized in a regioregular and regioselective fashion via chemical

30 polymerization.

The polymers of the present invention are easy to synthesize and exhibit
several advantageous properties, like a low bandgap, a high charge
carrier mobility, a high solubility in organic solvents, a good processability

35 for the device manufacture process, a high oxidative stability and a long
lifetime in electronic devices. In addition, they show the following



lifetime in electronic devices. In addition, they show the following WO
2011/ 018144PCT/ EP2010/ 004262 - 7 - advantageous properties: i) The

addi ti on WD 20180184yl or al kyl ated aryl or al koxyl at ed RCYIEPQrIOOpR6Dr a m X
of both, especially in the position of group Rin formula I, is expected
5to help dissolving the polyneric material in comon organic solvents
allowing the material to be easily solution processed. The addition of the
al kyl or al kylated aryl or al koxylated aryl side groups should al so pronote

the materi al 34@a/R%¥AELIIE drfiesPi - pi stacking and thus formhighly ,
m crostructural ly grganf)g?\é films after deposition fromsolution. 114,15 10

ii) The phenanthro[1,10,9,8-c,d, e, f, g]carbazole and other simlar .
derivatives igfihiebaddition o tweialkyl osbncglat@a a‘\r)ﬂ dr@ké)@lat@dsér?l?dh Slefly packi ng
can result in.hi Q hol e rmb;lll |.ti/ (0. .chf 1.s-&\)}wlfn OFETSs. 13 Thi s, ext ended
aromatic uni PUGAEDOTS eRpghiA i thePaTtion of ik RinifPrruEy IS PXPefied er pi - pi
15ISt ?S&;ng oto help cgimlwhgrt?epxdlwnewic hmtlrahal i?@bhdnehairgagicmw«sfmls to the
0 , 7-car J .
transport. %@%Zﬁiﬂw gjk eﬁgggwm@@%%‘%ﬁ Ty ﬁ‘i{ﬁﬁ%@(}? o
posi ti ons onalkyieor arehag]i Of alkoxy and sidgyyrupsshuiuid @ Mdte enabl e
t he preparatj : | bfﬁ%;% e ' pol ynmers and
copoloyrrgrs. ﬂg_%c gﬁ)e({ﬁéj?r(grggﬂgan ,t?’&ﬁ?’i?*rﬁ“@i?’?“@?n@m?ﬁ%a1§uzuki " or
Stillelg coupiarastraeiyalivr icraaniged fitves after depositien &ropn sphutiani ve met hods, t he
regi ort@ul ar polymer will have higher structural order in the solid state
conpared to regioifregul ar rj al ynt hesi zed usi a. non-sel ective
25pol ymer i za'{)ﬁ%?? H@?ﬂ%ﬂt.hferﬂfﬁé»%4-9%?&51%*7%2 %IWﬁe?tp‘%[ MK A'gher char ge
carrier nobidérivatives eTaquﬂita@fdoﬂrpiipﬂls@%ik"ihgaimdha%‘élidfstétee’é.Sudh\/badkﬁnghals bgen
shown that t ICaly.: | 8. onjugat ed . [ $3 £an nerally be
modul at od by ThEEiBigh SRR MoBRid (o BYTHD 57 iIRDPETL ™ AR b
aromatic unit and its high intermolecular order will result in better pi-pi
15 stacking of the resulting polymer in the solid state compared to the

poly(2,7-carbazole)s and similar polymers, leading to better hole transport.

i) The addition of reactive functionality onto specific positions on the
phenanthro[1,10,9,8-c,d,e,f,glcarbazole core will enable the preparation of

20 regioregular chemically polymerized homopolymers and copolymers. Such
polymers can be obtained using Yamamoto,'®'” Suzuki'® or Stille®
coupling polymerization methods. By these preparative methods, the
regioregular polymer will have higher structural order in the solid state
compared to regioirregular materials synthesized using a non-selective

25 polymerization method. This will lead to a polymer with higher charge
carrier mobility for application in OFET and OPV devices.

iv) It has been shown that the optical properties of conjugated polymers
can generally be modulated by the generation of a donor-acceptor

30 copolymer structure.?® As an electron rich unit, the phenanthro[1,10,9,8-
c¢,d,e,f,glcarbazole unit is a good donor comonomer, which is ideal for
such donor-acceptor polymer structures. This would lead to low band-gap
polymers for OPV applications or green, yellow and red fluorescing
polymers for OLED applications. Furthermore, the HOMO and LUMO

35 energy levels of the resulting polymers could be fine-tuned to the
application requirements.?*



30copol yner structure.2 As an electron rich unit, the phenanthro[1, 10,9, 8-
c,d,e, f,g]carbazole unit is a good donor conononer, which is ideal for such
donor - accoEpt2ort/qasl4gner structures. This would | ead to | eeTheeakogeqzebol yner s
for OPV applications or green, yellow argl-red fluorescing polyners for OLED
applications. Furthernmore, the HOMO and LUMO 35energy | evels of the
resulting polynmers could be fine-tuned to the application requirenents. 21
WO 2011/ 018144PCT/ EP2010/ 004262 8 v) The HOMO energy | evel of the
poly-2,7- (phenant hro[ 1, 10,9, 8- c,d, e, f,dcarbazole)s coul d be expected to be

"5s av) . 1. T iR AQHE) SRiavdereter g pdtv 2ot iflesdsdipiEn O BT Cher nor e a
hi gher open cdre:ﬂg]canlm&mlé)satodl&/b)e expeaied o bbtsanitarcto thoaa obPV
bul'k-het er o yagh LR Y 58, KRS 8P YER08R0L8'(5 50 -5.5 ev), > wich
Egenfinﬁhr o[ 1sfg¢é4\;é Iszd:tcuale slafl@jiaagghbaers leFLtrtgqteg\?pm r?f;@dﬁn:oppao&mum y

pol yners, ltl%F \Pé?' QUI8'bePStald i‘?\al‘?w Bﬁfk 8 éhﬁ&w&@%egﬁrs Wi

yield a broa bsor ption rum orption coefficient,
t hus | eadi ngversugrede\dee Qﬁﬁt&bwnlm\é(&hwlfhw%ﬁn@)?ﬂj%ﬂw het er oj uncti on

devi ce. The inclusion of the extended aromatic unit, phenanthro[1l, 10,9, 8-
c,d,e,f,dcarb_ ole, in p priate de ed donor-accept or yNners
Cyd e | doar DRt Rl ARt SLLS el deslaned donor, sceeht ol BRYTerS
|0WI ab$0rptlp@lymﬁfﬂh@uﬁahsm @fczitmd ifiGaalanectisi- dﬁﬂ@tuﬁ’@@oﬁ%loﬁmr%(iﬁﬂ The term
pol ymer oun enera ule o |

relative nol )élgﬁfa?f)r%%@\}:%agwrggaursge&#rué}]%ﬁ hé@%@hm PV c?(%fb fses the
mul ti pl e r epthustleadingftogreater gdnotore ansstioglih yndd PYdndiepieteojunctionom

mol ecul es of dé\ﬂ}é’erfllié‘ r{c\ﬁfsugnlo‘?% @5( ? 4B t:c%@‘ﬁtﬁaph@ﬁapﬁﬁgé%mg@ term

"ol i goner" nol ecul ar
mass, the swch 6gl:£a@!$am¢clnt@§eemnr@t¢ly d%mds@ylca-am@iptorpwvwr& y of
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repeating units, and an oli gorrer means a conmpound with > 1 and < 10,
preferably <I'fl%'é té%?egéli/%%r o polymenc compound” generally means a molecule
of high relative molecular mass, the structure of which essentially
20 comprises the multiple repetition of units derived, actually or conceptually,
from molecules of low relative molecular mass (PAC, 1996, 68, 2291).
The term "oligomer" generally means a molecule of intermediate relative
molecular mass, the structure of which essentially comprises a small
plurality of units derived, actually or conceptually, from molecules of lower
25 relative molecular mass (PAC, 1996, 68, 2291). In a preferred sense
according to the present invention a polymer means a compound having >
1, preferably = 5 repeating units, and an oligomer means a compound with
> 1 and < 10, preferably < 5, repeating units.

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

35 The term "leaving group" means an atom or group (charged or uncharged)
that becomes detached from an atom in what is considered to be the



30The ternms "repeating unit" and "nononeric unit" nmean the constitutional
repeating unit (CRU), which is the snmallest constitutional unit the
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nol ecul e, a regular block or a regul ar -¢ain (PAC, 1996, 68, 2291). WO
2011/ 018144PCT/ EP2010/ 004262 -9 residual or main part of the nolecul e
taking part in a specified reaction (see also PAC, 1994, 66, 1134). The
term "conj ugat ed" means a conpound containing mainly C atons 5with
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15 which is determined by gel permeation chromatography (GPC) against
polystyrene standards. The degree of polymerization (n) means the
number average degree of polymerization, given as n = M,/My, wherein
My is the molecular weight of the single repeating unit.

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

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

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

Preferred carbyl and hydrocarbyl groups include alkyl, alkoxy,

alkylcarbonyl, alkoxycarbonyl, alkylcarbonyloxy and alkoxycarbonyloxy,
35 each of which is optionally substituted and has 1 to 40, preferably 1 to 25,

very preferably 1 to 18 C atoms, furthermore optionally substituted aryl or



A carbyl or hydrocarbyl group conprising a chain of 3 or nore C atons 30nmay
al so be straight-chain, branched and/or cyclic, including Spiro and/or
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35each of which is optionally substituted and has 1 to 40, preferably 1 to
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aryl or WD 2011/018144PCT/ EP2010/ 004262 - 10 - aryl oxy having 6 to 40,
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(especially ethynyl). ere the Cl-C40 carbyl or hydrocarbyl group is
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among the foregoing groups are a C¢-Cy alkyl group, a C,-Cyq alkenyl
group, a C, —Cyo alkynyl group, a C3-Cy allyl group, a C4-Cy alkyldienyl
20 group, a Ce-C12 aryl group and a C,4-Cy polyenyl group, respectively. Also
included are combinations of groups having carbon atoms and groups
having hetero atoms, like e.g. an alkynyl group, preferably ethynyl, that is

substituted with a silyl group, preferably a trialkylsilyl group.

25 Aryl and heteroaryl preferably denote a mono-, bi- or tricyclic aromatic or
heteroaromatic group with up to 25 C atoms that may also comprise
condensed rings and is optionally substituted with one or more groups L
as defined above.

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

Especially preferred aryl and heteroaryl groups are phenyl in which, in
35 addition, one or more CH groups may be replaced by N, naphthalene,
thiophene, selenophene, thienothiophene, dithienothiophene, fluorene
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CH=CH- can be straight-chain or branched. It is preferably straight-chain,

20 has 2 to 10 C atoms and accordingly is preferably vinyl, prop-1-, or prop-
2-enyl, but-1-, 2- or but-3-enyl, pent-1-, 2-, 3- or pent-4-enyl, hex-1-, 2-, 3-,
4- or hex-5-enyl, hept-1-, 2-, 3-, 4-, 5- or hept-6-enyl, oct-1-, 2-, 3-, 4-, 5-,
6- or oct-7-enyl, non-1-, 2-, 3-, 4-, 5-, 6-, 7- or non-8-enyl, dec-1-, 2-, 3-, 4-
, 5-, 6-, 7-, 8- or dec-9-enyl.

25
Especially preferred alkenyl groups are C,.C7-1E-alkenyl, C4-C7-3E-
alkenyl, Cs-C;-4-alkenyl, Cs-C7-5-alkenyl and C7-6-alkenyl, in particular
C,-C7-1E-alkenyl, C4-C7-3E-alkenyl and Cs-C-4-alkenyl. Examples for
particularly preferred alkenyl groups are vinyl, 1E-propenyl, 1E-butenyl,

30 1E-pentenyl, 1E-hexenyl, 1E-heptenyl, 3-butenyl, 3E-pentenyl,
3E-hexenyl, 3E-heptenyl, 4-pentenyl, 4Z-hexenyl, 4E-hexenyl,
4Z-heptenyl, 5-hexenyl, 6-heptenyl and the like. Groups havingupto 5 C
atoms are generally preferred.

35 An oxaalkyl group, i.e. where one CH; group is replaced by -O-, is
preferably straight-chain 2-oxapropyl (=methoxymethyl), 2-



3E- hexenyl, 3E-heptenyl, 4-pentenyl, 4Z-hexenyl, 4E-hexenyl, 4Z-heptenyl,
5- hexenyl, 6-heptenyl and the like. G oups having up to 5 C atons are
gener al | ywpnefiensgd. 35An oxaal kyl group, i.e. where oneCTCHP2@0O0M262 S
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4-acetyloxybutyl, methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl,

20 butoxycarbonyl, pentoxycarbonyl, methoxycarbonylmethyl, ethoxy-
carbonylmethyl, propoxycarbonylmethyl, butoxycarbonylmethyl,
2-(methoxycarbonyl)ethyl, 2-(ethoxycarbonyl)ethyl, 2-(propoxy-
carbonyl)ethyl, 3-(methoxycarbonyl)propyl, 3-(ethoxycarbonyl)propyl,
4-(methoxycarbonyl)-butyl.

25
An alkyl group wherein two or more CH; groups are replaced by -O-
and/or -COO- can be straight-chain or branched. It is preferably straight-
chain and has 3 to 12 C atoms. Accordingly it is preferably bis-carboxy-
methyl, 2,2-bis-carboxy-ethyl, 3,3-bis-carboxy-propyl, 4,4-bis-carboxy-

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

35 (methoxycarbonyl)-heptyl, 8,8-bis-(methoxycarbonyl)-octyl, bis-
(ethoxycarbonyl)-methyl, 2,2-bis-(ethoxycarbonyl)-ethyl, 3,3-bis-



heptyl, 8, 8-bis-carboxy-octyl, 9, 9-bis-carboxy-nonyl,
10, 10- bi s-car boxydecyl, bis-(nmethoxycarbonyl) -net hyl,
2, 2- bi s- (wetzhoxysambonyl ) - et hyl , 3, 3- bi s- ( net hoxycar bonpCrmape@pipb4262
4, 4- bi s- (met hoxycar bonyl ) -butyl, 5, 5-bi g3 (nethoxycarbonyl)-pentyl,
6, 6- bi s- (net hoxycar bonyl) - hexyl , 7, 7-bis- 35(net hoxycarbonyl) - hept yI
8 8- bi s- (net hoxycar bonyl ) -octyl, b| s- (ethoxycarbonyl)-net hyl,
2- bi s- (et hoxycarbonyl)-ethyl, 3,3-bis- WD 2011/018144PCT/ EP2010/ 004262 -
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pentyl, 4- rralvhgfémx;d an Integey fron21 eas 1| in Pamicolsr CF2; d8Ey,| CsF2; dgBgcy! ,

g gt Eyl ﬁég?yP (85 B%P%/s %9%%1%3/\’%@@%@%@@@%0%9%% val er oyl oxy,

4- nethylhexanoyloxy, 2- chl or opropi onyl oxy, 2-chl oro-3-nethyl butyryl oxy,
2- chl o19- 4- mphdvhovalRENtioned alkyl, alkoxy, alkenyl, oxaalkyl, thioalkyl, carbonyl
and carbonyloxy groups can be achiral or chiral groups. Particularly
preferred chiral groups are 2-butyl (=1-methylpropyl), 2-methylbutyl, 2-
methylpentyl, 3-methylpentyl, 2-ethylhexyl, 2-propylpentyl, in particular 2-
methylbutyl, 2-methylbutoxy, 2-methylpentoxy, 3-methylpentoxy, 2-ethyl-
20 hexoxy, 1-methylhexoxy, 2-octyloxy, 2-oxa-3-methylbutyl, 3-oxa-4-methyl-
pentyl, 4-methylhexyl, 2-hexyl, 2-octyl, 2-nonyl, 2-decyl, 2-dodecyl, 6-meth-
oxyoctoxy, 6-methyloctoxy, 6-methyloctanoyloxy, 5-methylheptyloxy-
carbonyl, 2-methylbutyryloxy, 3-methylvaleroyloxy, 4-methylhexanoyloxy, 2-
chloropropionyloxy, 2-chloro-3-methylbutyryloxy, 2-chloro-4-methyl-valeryl-
25 oxy, 2-chloro-3-methylvaleryloxy, 2-methyl-3-oxapentyl, 2-methyl-3-oxa-
hexyl, 1-methoxypropyl-2-oxy, 1-ethoxypropyl-2-oxy, 1-propoxypropyl-2-oxy,
1-butoxypropyl-2-oxy, 2-fluorooctyloxy, 2-fluorodecyloxy, 1,1,1-trifluoro-2-
octyloxy, 1,1,1-trifluoro-2-octyl, 2-fluoromethyloctyloxy for example. Very
preferred are 2-hexyl, 2-octyl, 2-octyloxy, 1,1,1-trifluoro-2-hexyl, 1,1,1-
30 trifluoro-2-octyl and 1,1, 1-trifluoro-2-octyloxy.

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

35



250xy, 2-chl oro-3-net hyl val eryl oxy, 2-nethyl -3-oxapentyl, 2-nethyl-3-oxa-
hexyl , 1-nethoxypropyl-2-oxy, 1-ethoxypropyl-2-oxy, 1-propoxypropyl-2-oxy,
1- but oxypwopyli/@smxy, 2-fl uorooctyl oxy, 2-fl uorodecyl oxXPCT/EP2010/004262

1,1, 1-trifluoro-2- octyl oxy, 1,1,1-trifﬁgqro-2-octyl,
2-fluoronet hyl octyl oxy for exanple. Very preferred are 2-hexyl, 2-octyl,
2-octyloxy, 1,1,1-trifluoro-2-hexyl, 1,1,1- 30trifluoro-2-octyl and

1,1, 1-trifluoro-2-octyloxy. Preferred achiral branched groups are

| SOPropy! . | RPANS by préria @inBBuinlent SRS B kborttamidn/ IROI sdiboteker

butyl, isopropoxy, I Opox t oxy
2011/ 018144P@¢7'1Em0m mgegary qmtemw algiaralk Qifvew@ﬂ nd8 IhbRIPMSAt of the

present inveghieRiin oRe 6r FOrEH s are apumny rebm@lclw F,6Fafygrtiary alkyl

or al koxy wt ptionally
repl aced by pmyégecgpwq orﬁ%ﬂya%'ym’ihﬁ: a?resgﬂe '&Prﬁ rBG‘flO C at ons.
Especi al | y pgriupsrRarégeteaied Roan ehesgrcmpt @@hshstmg bhibegotowingpfosmstaeng of
the follow ng fornul ae wherein "ALK" denotes optionally fluorinated,

preferably linear, alkyl or alkoxy with 1 to 20, preferably 1 to 12
C-atons, in case; of tertiary groups very preferab!y 1to9 Catons, and the

dashed I i ne denotes the_l i AkKkt O ON- at om of Re phenant hr ocar bazol e

core in formL&/I\.AEspem ally pr @ ed anong t groups are those

wherein all ALK subgroupspLiare idengfcal . - is preferably
-CH=CH{Q - CF=CF- or -CH=C(CN)-. 25Hal ogen |sKF CI or |, preferably F,

Cl or Br. The polyners my also beAldibst i t ut ed mnth a pol yneri sabl e or
reactive groyp, which is optionally protected during the process of formng
t he pol yner. mEﬁrtlcular preferred palyners of is type are those of
formula | er ei ALIRL | danot ef bp. These p rs are particularly usefu
as seniconductors or c ge t gport mat er.d hey can be crosslinked
via the groups P, for exanple by pol yner tiop in tu, during or after
procesggng the polyner into a tAtk filmfor a Abﬁlconductor conmponent, to
yield crosslinked polynmer filns with high charge carrier nobility and high

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

-CY'=CY?- is preferably -CH=CH-, -CF=CF- or -CH=C(CN)-.
25 Halogen is F, Cl, Br or |, preferably F, Cl or Br.

The polymers may also be substituted with a polymerisable or reactive
group, which is optionally protected during the process of forming the
polymer. Particular preferred polymers of this type are those of formula |
30 wherein R' denotes P-Sp. These polymers are particularly useful as
semiconductors or charge transport materials, as they can be crosslinked
via the groups P, for example by polymerisation in situ, during or after
processing the polymer into a thin film for a semiconductor component, to
yield crosslinked polymer films with high charge carrier mobility and high
35 thermal, mechanical and chemical stability.



35t hermal , nechani cal and chem cal stability. WO

2011/ 018144PCT/ EP2010/ 004262 - 15 - wW2(CH2) k1- O, CH2=CW2- (0) ki -
CWL=CH OOWOQp1ad814@NL=CH CO NH, CH2=CWL- CO NH-, CH3- CHRETHP0010/004262
(CH2=CH) 2CH CCO-, 10 (CH2=CH CH2) 2CH OG- D®-, (CH2=CH)2CH O-,

(CH2=CH CH2) 2N-, (CH2=CH CH2) 2N-00-, HO CVWB-, HS-CVW2WB-, HWN-, HO CV2WB-
NH, CH2=CH ( CO- 0) ki - Phe- (0) k2-, CH2=CH (CO) ki - Phe-(0)k2-, PheCH=CH ,
HOOC-, OCN-, and WMAWBWSSi -, with WL being HL F, C, CN, CF3, phenyl or

al kyl w t h 1Ptefe@ably titeopslymienispble orcrdaativéigrélip Bris Gdiect®@ frromdl 15WB bei ng

I ndependent|ly of each other Hor alkyl wwth 1 to 5 Gaton®, in particular
H nmethyl, ethyl or n-propyl, W, Wand W being independepnt!ypf each

ot her d, oxaal kyl or oxacarbonylal kyl with 1 to 5 C atons, and W8 bei ng
i ndependently of each other H O or alkyl with 1 to T(fﬁ'ato , Phe being
1, 4- pbjnyl ene that is optionally substitut edQ)%/ one or reoups L as
defi n

b f thef' 0 1, k3
preferab?yO\t;gHﬁ é%’ éﬁ?@ CE@‘T‘ES{/& 23’2@3? ?Podr:nmlot oeig XI tgrnat ?\r/el y P

is a protected vative of these groups which is non- reactive under the
condi tions descN bed for the process according to the 25 present invention.

"n the 11 Lerture, for ehanmt GHencll st B Sl d-@REL EWRGEerT o

in the I|tera ure,
Synt hesi s”, GEaNHW Ckly=Ehd'-SEhdH- N&M3>KBHKC(I-P:§B:LOCH&=ECRIEI)2QTI Q&@ﬁpl e acetal s

e T A A T
( OH2=CH) 2CH EHoAEH-CHo)2N-CO-, HO-CW?W>-, HS-CW*W HO- C:wzw3
NH-, CH;=CH-(CO-0O)1-Phe-(O)iz-, CH2=CH-(CO)«1-Phe-(O)x2-, Phe-
CH=CH-, HOOC-, OCN-, and W*W°W?®Si-, with W' being H, F, CI, CN,
CF3, phenyl or alky! with 1 to 5 C-atoms, in particular H, Cl or CHj, W2 and
w? being independently of each other H or alkyl with 1 to 5 C-atoms, in
particular H, methyl, ethyl or n-propyl, w*, W® and W° being independently
of each other Cl, oxaalkyl or oxacarbonylalkyl with 1 to 5 C-atoms, W’ and
w? being independently of each other H, Cl or alkyl with 1 to 5 C-atoms,
Phe being 1,4-phenylene that is optionally substituted by one or more
groups L as defined above, ki, kz and k3 being independently of each
other 0 or 1, k3 preferably being 1, and k4 being an integer from 1 to 10.

15

20

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

25

30 Especially preferred groups P are CH,=CH-CO-O-, CH,=C(CH3)-CO-O-,

CH,=CF-CO-0-, CH,=CH-0O-, (CH,=CH),CH-O-CO-, (CH,=CH).CH-O-,
o)

° i
/ N\
WZHC—CH— 2 (CHY)-O

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



02 \ WHC - CH- and W(CH ) -0- 2 kl, or protected derivatives

35t hereof. Further preferred groups P are selected fromthe group

consi sti nyo 200/@8ma/ 018144PCT/ EP2010/ 004262 - 16 - of viPoyiErze10/08426y| at e,
met hacryl ate, fluoroacrylate, chloracrykgte, oxetan and epoxy groups, very
preferably an acrylate or nethacryl ate group. Pol ymeri sati on of
group P can be carried out according to nethods that are 5known to the
ordi nary expert and described in the Iiterature for exanple in D. J.

Broer; G Chgf wﬁglo& Aeryldeé :m c‘P;?VQ{e fl rgl%Qe1 chl@r%cry'i’@te dR&taer m

"spacer group own'In'prior art and suit spacer groups Sp are
known to theaB¢GPﬁéY)9f@iR§erVﬁﬂ(§ eaferably apacayiais,er methaaryiaty gjouptosss
(2001). The spacer group Sp is preferably of formula Sp'-X , such that
P-Sp- is P-Sg X wherein is _al kylene with to 30 C atqns ich is
insnbst | t ut oHoNMEHsAIBT dhaus £ ean b dasied pukBoeiaing 6 PeffiSisihef frag; ng
al S(ﬁ pbssi bl kndwn totiee ordinaryeexpent and desotibétHh thedilpmatire, fer éxaphplead, i n
eac case in egdent NR,,

e Rosoo. 1 B0 BRERS! 5*&8%‘ %”%388' YRécrolbby chem 39w, 194350,

-CE-_-C |n such a manner that 0 and/or S atons are not |inked dlrectly to
one anot her, ng ", Cco,
"R Co R TREtBI "spgtes arol et it ant iy bl rcEr oppide™

- SCF2-, - CF28pare kngwrdezthe ordineprezpert (speR-9. Puedppl. CRen: 73(Bh=CR- |

- CY1=CYe- - 8BE @0 The e F5rddp Splis prefenaif oPfdithula Sp'-X', such that

P-Sp- is P-Sp'-X'-, wherein

Sp' is alkylene with up to 30 C atoms which is unsubstituted or
mono- or polysubstituted by F, CI, Br, | or CN, it being also
15 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°RY-, -CO-, -COO-, -OCO-, -OCO-
O-, -§-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,

20
X' is -O-, -S-, -CO-, -COO-, -OCO-, -0-CO0-, -CO-NR’-, -NR’-
CO-, -NR%-CO-NR®-, -OCH;-, -CH;,0-, -SCH,-, -CH,S-, -
CF,0-, -OCF -, -CF2S-, -SCFy-, -CF,CHy-, -CH,CFo-, -
CF,CF,-, -CH=N-, -N=CH-, -N=N-, -CH=CR’-, -CY'=CY%, -
25 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-
atoms, and

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

X'is preferably -O-, -S-, -OCH;-, -CH;0-, -SCH3-, -CH;S-, -CF,0-, -OCF»-,

-CF3S-, -SCF;- -CH,;CHg-, -CF,CHg-, -CH,CF»-, -CF,CF2-, -CH=N-, -

N=CH-, -N=N-, -CH=CR"-, -CY'=CY%, -C=C- or a single bond, in particular
35 .0, -S-, -C=C-, -CY'=CY? or a single bond. In another preferred



R and R are independently of each other Hor alkyl with 1 to 12 C atons,
and 30Y1 and Y2are independently of each other HH F, O or CN. X is

pr ef er ablwo0-20t1/01884, - OCH2-, -CH20-, -SCH2-, -CH2S-, - CPROAEP201005262
-CF2S-, -SCF2-, -CH2CH2-, - CF2CH2-, - CHRgE2-, - CF2CF2-, -CHEN-, - N=CH-,
-N=N-, -CH=CR-, -CY1=CY2-,o0r a single bond, in particular 35-0-,
-S,-CY1=CY2- or a single bond. In another preferred WO

2011/ 018144PCT/ EP2010/ 004262 - 17 - enbodinent X' is a group that is able

to f \ | e bond.
T§p| 8;|m gr 88%5%%@ rﬁgntSX'sl roﬂgcthﬁf’lﬁ aéi%_{&for?ﬁ adon C%_{é’% )S}I,Qfen%_lsgjudi_‘l\g_ e bon

5CH2CHz- S- CHREHE= Copr @4 ‘Z'-NHI (Si RR- 0)p-, with p being an
integer from2 to. .12, g being an |nteger from1l to 3 and R and R having the

meani ngs gi ven above. Preferr S re n | ene,
but yl ene, peﬁY@'F@WOUPér%g(ﬁr%né % , E%Ha)ect &Elgh(éﬁ ﬁbn%%%z decyl ene,
undecybene, Qp{:‘l@@ﬂg.rm-lzmqg acﬁe@-lze)m NEtQKLEHgoary €5 Fé’ﬂé))p , with p
met hyl eneoxyput Iene thioe | ene 0
et hyl ene- N- nBEHY2 m’t‘?%%f ?/“%EO l?% hgif‘ﬁyﬁlfﬁ?ﬁ 2iomat 1 BAER a9 openyl ene
and but enyl eR& havmg>tlaenh@n|m§§'ge/eneaim@ ng units of for rrul al are
preferably selected fromthe group consisting of the foll ow ng subformnul ae:
Preferred groups Sp' are ethylene, propylene, butylene, pentylene,
10 hexylene, heptylene, octylene, nonylene, decylene, undecylene,
dodecylene, octadecylene, ethyleneoxyethylene, methyleneoxybutylene,
ethylene-thioethylene, ethylene-N-methyl-iminoethylene, 1-
methylalkylene, ethenylene, propenylene and butenylene for example.

15 The repeating units of formula | are preferably selected from the group
consisting of the following subformulae:

* S ”

|\|l
R
25
@ :
SaVa
30 N
|
R

wherein R and Ar are as defined in formula |, and the benzene rings are
35 optionally substituted with one or more groups R' as defined in formula I.



25 WD 2011/ 018144PCT/ EP2010/ 004262 - 18 - The pol yners of the present
I nvention preferably conprise, very preferably consist of, one or nore
i dent i calwonrodifisement repeating units sel ected from t hecympapooes2st St i ng

of formulae!, Il and 12, and optionally18ne or nore additional repeating
units having the nmeaning of Ar as defined above and 5bel ow. The conj ugated
polyners are preferably selected of formula Il 10 15 Il wherein R, Ar and

m on each occurrence identically or differently have the meanings of
fornula |, tHAbeqmiywets of thgspresenbinvieotian preferdidy compedewery praterablynor e

groups Rl as i | ic2Ngk sl | reo JThe pol yners
of formul a ngggglpg)?g?grn gb‘%@%% ;Rjéa,ltnga froﬁﬁ%%g?g?%%%ﬁ%g%@rss#'ﬁé%gf#@He
fol | owi ng suBt®graHpaeonsistingpof formulae |, 11 and 12, and optionally one or more

additional repeating units having the meaning of Ar as defined above and
S below.

The conjugated polymers are preferably selected of formula 1

o ()
Il
(AN

15 R

wherein R, Ar and m on each occurrence identically or differently have the
meanings of formula I, the benzene rings are optionally substituted with
one or more groups R' as defined in formula I, and n is an integer > 1.

20
The polymers of formula Il are preferably selected from the group

consisting of the following subformulae:

s ()
i
* n * .

30

35



WO 2011/ 018144PCT/ EP2010/ 004262 - 19 - wherein R, Ar and n have the
meani ngs of fornula Il, and the benzene 10rings are optionally substituted
wi th one wo 2novisgroups R1 as defined in fornula |. EspeciraPkgiopoeber red
are polyners of fornula Ila wheregn R Ar, mand n on each
occurrence identically or differently have the neanings of fornmula Il, the
benzene rings are optionally substituted 25with one or nore groups Rl as
defined in fornmula I, and R2 and R3 have i ndependently of each other one of
t he neani ngs of Ref ;,u ¥ H or hal ogen, or denote -CH2Cl, -CHO :
3 v 3

-CH=CH2, - SSIRR' , -BRR', -B(OR)(OR'), -B(OH)2, or P-S5p,
30wherein P and Sp Q ed above, and R, R' and R' have

i ndependent |y of one of the neanings of R given abgpye and R and
i ' A h hetero atomto which they are
dzare polyners of fornula Hal: WO
2011/ 098144PCT/ EP2010/ 62 - 20 -

wherein R, Ar and n have the meanings of formula Il, and the benzene
10 rings are optionally substituted with one or more groups R' as defined in
formula I.

Especially preferred are polymers of formula lla

A i

lla
2 3
)k
N
20 |
R
wherein R, Ar, m and n on each occurrence identically or differently have
the meanings of formula |, the benzene rings are optionally substituted
25 with one or more groups R' as defined in formula |, and

R? and R® have independently of each other one of the meanings of R,
preferably H or halogen, or denote -CH,ClI, -CHO, -CH=CH_, -
SIR'R"R", -SnR'R"R™ -BR'R", -B(OR')(OR"), -B(OH)_, or P-Sp,
30 wherein P and Sp are as defined above, and R', R" and R"
have independently of each other one of the meanings of R?
given above and R' and R" may also form a ring together with
the hetero atom to which they are attached.

35 Further preferred are polymers of formula lla1:



R2-chai n-R311al wherein R2 and R3 are as defined in fornmula Ila, and
"chain" is a polyner chain selected fromthe group consisting of fornul ae
111 and 1WQ.2011/18H¢ pol yners according to the the preseRCTIERENOD402 t he
total nunber of repeating units n is prgferably 5 very preferably ?_ 10,
nost preferably a 50, and preferably up to 500, very preferably up to
1,000, nost preferably up to 2,000, including any conbi nation of the

af orenenti oned | ower and 1Oupper limts of n. The polyners of the present
i nvention i ngEUgginbRPopol ymers and coppayners, |ike statistical or random
copol yners, alternating copolyners and bl ock copolynmers, as well as

conbi nations thereof. Block copolyners may for exanple conprise or consi st
?f ong or mowRehlivRarfdRiede by defines inffofnmulalz dnaidhaind iDa polyreebl ocks
ornmed by units Ar rein Ar ha ne.. t ' scri bed above
and bel ow. Aﬂbﬁ'ﬂéﬁ'e&i%iéfp"bfh% %ﬁ%@%’ﬁ%‘%ﬁ %ﬁogrs‘@gge{]g?@@?c}%rs of formula
1] 530 wherein R, R2, R3, Ar and m have the neanings of fornmula 1 or 11
or their subfo - [ r: | ' ed with
one or or e (B e L datolRERr A RS A By @O 1R étaFHObRL 810 2
nononers of fepeating units nsisl preferably 2% Ve preferatiyng 1ﬂom§¥9éeferamy 2

2011/ 018144P§&’§P@B?&é%@3 to 500, very preferably up to 1,000, most preferably

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

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

15
Block copolymers may for example comprise or consist of one or more
blocks formed by units of formula | and one or more blocks formed by
units Ar, wherein Ar has one of the meanings as described above and
below.

20

Another aspect of the invention relates to monomers of formula Il

25 . Il
RaSe ==
N

R
30
wherein R, R?, R?, Ar and m have the meanings of formula | or Il or their
subformulae, and the benzene rings are optionally substituted with one or
more groups R’ as defined in formula I.
35 Especially preferred are monomers of formula Il selected from the

following formulae:



wherein R and Ar have one of the neanings of fornula 1, and the benzene
rings are optionally substituted with one or nore groups Rl as defined in
20f or nul aWD.20RUM8Her preferred are nonomers of formul a PCI/EP2AIVDO4R02 1112
wherein R2 and R3 are, preferably i ndep@idently of each other, selected
fromthe group consisting of d, Br, 1, O-tosylate, O-triflate, O-nesylate,
0-nonafl ate, - 25 S1Me2F, -S1MeF2, -0-S02z1, -B(Qz2)2 , -CzZ3=C(z3)2, -CnCH
and -Sn(Z4)3, wherein Z1-4 are selected fromthe group consisting of alkyl
and aryl, each being optionally substituted, and two groups Z2 may al so
forma cyclrc grou Es aIIy preferred are repeating units of
formula I, polyner 3011, and nononers of formula |11, and their
preferred subfornu bove and bel ow, wherein mis 0, mis 1 or
2, 35- Ar is selec or heteroaryl, preferably g ected, on each
occurrgnce i d&Ttte R’y, fromthe group consisting of WO
2011/0 8144PCT/EP2 ) 2 - benzo[1, 2, 3]thi adi azol e-4, 7-diyl,
benzo[ 1, 2, 3] sel enadi azo -‘17 diyl, benzo[1l, 2,5]thiadiazole-4,7,diyl,
benzo[ 1, 2, 5] sel enadi azol g-4, 7, diyl, 4,7-
di -t hi en-2-yl -benzo[ 1, 2, thiadiazole,
4,7-di -thien-2-yl benzo[ 1, 2, 51t hi adi azol e, 2, 3-di cyano-1, 4- phenyl ene,
2, 5-di cyano, 1, 4- 5pheny|ene 2,3-difluro-1, 4- phenyl ene,
2, 5- drfbuoro,1,4-p eny ,5,6-tetrafl uoro, 1, 4- phenylene
3, 4- di f uor ot hi oph# t hi eno[ 3, 4- b]pyrazrne 2,5-diyl,
qui noxal i ne-5, 8-di e-2,5- diyl, thiophene- 2 5- din
t hi eno[ 3, 2- b]throprv threno[2 3- b]thi ophene- 2”& d|yI

- diyl
10sel enophenol 2, 3-. -2, 5- dryﬁ sel enophenol 3, 2- b] t hi ophene-
2,5-diyl, selenopheno|?2 b throphene 2,5-diyl, 1, 4-phenyl ene,
pyridine2,5-diy|, pyriniz;ne-Z,S-diyl, p-p'-biphenyl, napht hal ene- 2, 6-di yl ,

benzo[152-b:4,5-bldithio hene- 2, 6-diyl, 2,2-dithiophene, 2, 2-
di sel enophene, thiazol e, Moxazole, all of which are unsubstituted, nono-

wherein R and Ar have one of the meanings of formula |, and the benzene
rings are optionally substituted with one or more groups R’ as defined in
20 formula I.

Further preferred are monomers of formula 111, 1111 and 1112 wherein R? and
R? are, preferably independently of each other, selected from the group
consisting of Cl, Br, I, O-tosylate, O-triflate, O-mesylate, O-nonaflate, -

o5 SiMesF, -SiMeF2, -0-8S0,Z', -B(0Z%), , -CZ*=C(Z%),, -C=CH and -Sn(Z*)s,
wherein Z'* are selected from the group consisting of alkyl and aryl, each
being optionally substituted, and two groups Z may also form a cyclic group.

Especially preferred are repeating units of formula I, polymers of formula
30 I, and monomers of formula lll, and their preferred subformulae as shown
above and below, wherein

- mis 0,
- mistor2,

35 - Aris selected from aryl or heteroaryl, preferably selected, on each
occurrence identically or differently, from the group consisting of



150r pol ysubstituted, preferably with al as defined above, especially
preferably with mbeing 1, 2 or 3, nis at least 5, preferably at |east 10,
very prefwoablyoists4| east 50, and up to 2,000, preferabl pCuEPR@o®OR62 20- My
is at least 5,000, preferably at |east_ 89Q00, very preferably at | east
10, 000, and preferably up to 300,000, very preferably up to 100,000, R s
different fromH Ris primary alkyl or alkoxy with 1 to 30 C atons,
secondary al kyl or al koxy with 3 to 30 C atons, or tertiary al kyl or al koxy

T 50, S A ey o o
0
to 21 C atons, WQ{E» élth'?ﬁl?&?lqg tﬂ'é( r{;te&&ze éﬁ%%@"?ﬁf@ﬁ%‘ﬁfﬁ?é@&' gz;a olg

gL g“ﬁ VIh a Ittshéneﬂméralz -y eRizby1, zcrmtmﬁuuazo|§04t7h@tthténe2iwm terninal alkyl
ins have the s 0 r t
optional ly repP%‘E@g‘?@gﬁ)‘afjlﬂzo& T‘EBX ?ég@’eeneyléen 4 J'Cyzr%or{?g?)t y? o are
g— nonyd, I 6- ;JE peeyylen€ -2, Bl-diﬂmsdl 1,43phemyladecld,b-difudrept, éetﬂtadyjenleﬂ nonadecyl ,

is aryl, a d
are sel gct ed f%é?é quﬂrgﬁg '%H% @é&lgﬁg&g&'ﬁ@@@éﬁe% g%’ > ga%nl? RS
-BR R', -B(OR jhjem[$,4- b]y(ymglae 5yl qnmczahne-ﬁ\@ -diyl, selenophene-2,5-
2011/ 018144PCTLEPARLANAAAZER oy 2fhiendlale biniGhnERE-26 kpYmiGHo[S2R- al keny!

Ci - C20-f | uor oa i'onal Iy su stl ary eteroaryl - R2 and

R3 are, prefer bb%)l?phﬁﬂé Prdiivlt s6leppphanel3ed-Riselenanhedesd Stdiyn t he group
consi sygng of %Ien@ﬁheho 203 b}§élé §werﬂa 5. auwtsélerfbplmys[:aza: tHioptenaf | at e,
|

R T AN e po s ek v N
bei ng opti onal py5-giyhplyrimidied,2 sndiyk wop'dripheasy| Z2aptikialened, Batigh, a cyclic
group, benzo[1,2-b:4,5-b']dithiophene-2,6-diyl, 2,2-dithiophene, 2,2-
diselenophene, thiazole, oxazole, all of which are unsubstituted, mono-
15 or polysubstituted, preferably with R' as defined above, especially

preferably with m being 1, 2 or 3,

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

20 - Mw is at least 5,000, preferably at least 8,000, very preferably at least
10,000, and preferably up to 300,000, very preferably up to 100,000,

- R is different from H,

- Ris primary alkyl or alkoxy with 1 to 30 C atoms, secondary alkyl or
alkoxy with 3 to 30 C atoms, or tertiary alkyl or alkoxy with 41030 C
atoms, wherein in all these groups one or more H atoms are optionally
replaced by F,

25

- R is secondary alkyl with 3 to 29, preferably 3 to 21 C atoms, which is
linked to the N-atom of the phenanthrocarbazole group via its central
30 methylene unit, so that the two terminal alkyl chains have the same
number of C atoms, and wherein one or more H atoms are optionally
replaced by F, for example isopropyl, 3-pentyl, 4-heptyl, 5-nonyl, 6-
undecyl, 7-tridecyl, 8-pentadecyl, 9-heptadecyl, 10-nonadecyl,

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

35 - R? and R? are selected from H, halogen, -CH.CI, -CHO, -CH=CH -

SiIRR"R", -SnR'R"R" -BR'R", -B(OR")(OR"), -B(OH)2, P-Sp, C1-Cz-



10- R1 is al kyl, al koxy, alkyl carbonyl, alkyl carbonyl oxy or al koxycar bonyl
with 1 to 30 C atons, wherein one or nore H atons are optionally repl aced

by F, - RYOi2811418R4i s P- Sp-, and/or the PCT/EP2010/004262
phenanthro[ 1, 10,9, 8-c, d, e, f, g] carbazol epgare is substituted by at |east one
group P-Sp-. In a preferred enbodinent Ar is a group conprising tw or

three aromatic or heteroaromatic rings that are fused or unfused, and are
preferably selected formthe rings disclosed above. Very preferably Ar

accordi ng to tRikyl,ICeCsyamaxgndadrakenys GetscllshobllgMhd@plbAY
consi sting of tr'fz foLéJwi nggu&ié)rzml ae,y \Acfw'er%i n Rf ."‘2 as dgfi negl above:
35Accor di ngl y, SYPSHHHES AL ORBRIRRaYVEf formula 112 wherein Ar is sel ected of
formula IVl hafeét hu Bihe f ol #eo

1

2011/ 018144PCT | Er FUS _r\é\%&qgégpr)%eeﬁtly@%ch other, selected from
5 the group consisting of Cl, Br, |, O-tosylate, O-triflate, O-mesylate, O-

nonaflate, -SiMesF, -SiMeF,, -0-S0,Z', -B(0Z?), , -CZ3=C(Z*),, -C=CH
and -Sn(Z*)s, wherein Z'* are selected from the group consisting of
alkyl and aryl, each being optionally substituted, and two groups Z? may
also form a cyclic group,

10 - R'is alkyl, alkoxy, alkylcarbonyl, alkylcarbonyloxy or alkoxycarbonyl
with 1 to 30 C atoms, wherein one or more H atoms are optionally
replaced by F,
- R'isH,
- Ris P-Sp-, and/or the phenanthro[1,10,9,8-c,d,e.f,g]Jcarbazole core is
15 substituted by at least one group P-Sp-.
In a preferred embodiment Ar is a group comprising two or three aromatic
or heteroaromatic rings that are fused or unfused, and are preferably
selected form the rings disclosed above. Very preferably Ar according to

this preferred embodiment is selected from the group consisting of the
following subformulae, wherein R’ is as defined above:

20

s
25 /] V1

30 Ny
74 | V2

35 Accordingly, a preferred polymer of formula 112 wherein Ar is selected of

formula IV1 has thus the following formula:



wherein R, Rl and n have the neani ngs as descri bed above and bel ow. The

pol yners of the present invention can be synthesized according to or in
anal ogy twormtissi4t hat are known to the skill ed personpramakprarie/ndedescri bed
in the literature. O her nethods of prepacation can be taken fromthe
exanpl es. For exanple, they can be sui?%ﬁly prepared by aryl-aryl coupling
reactions, such as Yamanoto coupling, Suzuki coupling, Stille coupling,
Sonogashira coupling, Heck coupling or Buchwal d coupling. Suzuki coupling
and Yamanoto coupling are especially preferred. 20 The nononers which are

kKilled in the art.

Ms of formula Il or its
nvention is q rocess for

; iqentical or diff nt nonomers
sitected of formula IIl, Illa or

25Preferably the polyners are prepar,\f:

subf or nul ae shown /abc\ e.
preparing a polyner b
based Dn a unit of )

Mal, with eac @....
reaction, preferab 6 y pli rﬁg reaction. Suitable and preferred
conononers are those © e formula 35 R2-Ar-R3 WO
2011/ 018144PCT/ EP2010/ 0R4262 - 25 - wherein Ar, R2 and R3 are as defined
above. Preferred net hodé for polynerisation are those |leading to
C- C-coupling or

10

wherein R, R' and n have the meanings as described above and below.

The polymers of the present invention can be synthesized according to or
in analogy to methods that are known to the skilled person and are

15 described in the literature. Other methods of preparation can be taken from
the examples. For example, they can be suitably prepared by aryl-aryl
coupling reactions, such as Yamamoto coupling, Suzuki coupling, Stille
coupling, Sonogashira coupling, Heck coupling or Buchwald coupling.
Suzuki coupling and Yamamoto coupling are especially preferred.

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

25 Preferably the polymers are prepared from monomers of formula lil or its

subformulae shown above.

Another aspect of the invention is a process for preparing a polymer by
coupling one or more identical or different monomers based on a unit of

30 formula |, preferably selected of formula 11, llla or lila1, with each other
and/or with one or more comonomers in a polymerisation reaction,
preferably an aryl-aryl coupling reaction.

Suitable and preferred comonomers are those of the formula

35
R2-Ar-R?



5C-N-coupling, like Suzuki polymnerisation, as described for exanple in WO
00/ 53656, Yamanoto pol yneri sation, as described in for exanple in T.
Yamanot o W0 2al/018RBaogress in Pol ymer Science 1993, 17, PL93PQ0H002621i n WO
2004/ 022626 Al, and Stille coupling. Fer2%xanple, when synthesizing a

| i near pol ymer by Yanmanoto pol ynmerisation, nononers as descri bed 10above
havi ng two reactive halide groups R7.8 is preferably used. Wen

synt hesi zing a linear polynmer by Suzuki polynerisation, preferably a
nononmer as descri bed above is used wherein at |east one reactive group R7' 8

i's a boroni ¢ \d@irPAr F? S R3arkhIgeAned 'l?{&,egroup. 15Suzuki pol yneri sation
, I :

may be used to prepare honopol yners as we as statistical, alternating and
bl ock random copol yners. Statistical or block copolynmers can be prepared

for exanpl e fPreferidenioyds f&rbﬁlﬁhéri%tiérpéfé‘ih%sé'leé@ﬁg% _@:-@r-‘ég‘?%igbﬂ?r

ti R2 d R3 is hal d.th t her . t

bor oni & ag d GR-BavaG, TKe Shaybl PORMETBaEPRARS dsRrbESHipheNamIpG 5T WG
stati Ist i cal , CU523656)tYargamato b%%ﬁ%migﬁﬁ@gﬁzgﬁbé@ﬁﬁdﬂé&ﬂﬁme detrai | f;)_r
exanple in r . z meri sation
errplrrgys a P\d/\qﬁ% égﬁg&égafg}% %glfﬁﬁ ! pg&me.f %%@@F%%'P@(%(#lg@o%%%r@ are
those beari ngVet 20@462262@ AdhasphBtille ¢aupding. BacexarspkS RhePhSMithesifingt her

f d ph | ' ' | - . ' j.e. P -Tol) 4.
Pr e er red bacl et hebAerty Wariahleholftersalidn OASHRILEs deskibcdl ok
pol ymerUsat i @pove hawinmhveteadiiverhaligearenps RO imptefermply used\Aphe sodi um

b te, Ik [ h
ot oot hyl amepnEsiig B Tmaar beyherty SUIR dopReRa pierablya . 1 (o)
conpl ex,  f or MRNRMHLEEapdeparied ESQY%&:?%&H whersin gt isast cop. reastive geaupat i ves

to hal ogens & °deacdrbait @0\ boremeiaet 86MMMerofipr Mul a - 0- 80271
can be used wherein Z1 is as described above. Particul ar 35exanpl es of such

| eavi n% groups are tosylate, nesylate and triflate. WO
2011/ 018144 PSnzEROAPIMENSaBAN MaEbe UBsPde ipatpareshirhapdlpmens apvasiesg ed

t hesi . Of ; | | fof la |l dlIll,
2nd thei t hometencdl ahomafBRHd Bbck Rahdod UopBRAAE) BilisneloPbiRck o
synt hesi s scReRaymaiswaAnhe piaparedfor exasmplerfram ithe abave ofondmenseafi ngs of

RL given in fhimba W i [ t | f 3.
pol y- 2, 7- (phepant hr Ol% Fllel%(')ﬂ-gﬁggﬂgﬁ%rgacﬁwg]dggrégixlae uﬁi 't_ssh?/\lno?ﬁnggldt}glel I zi ng
groups and sQHEEJEBAYVEBIOUREE A beraniGaiflarinojorinamd deriGdiveraroupahlie 2

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

Suzuki polymerisation employs a Pd(0) complex or a Pd(ll) salt. Preferred
Pd(0) complexes are those bearing at least one phosphine ligand such as

25 Pd(Ph3P)4. Another preferred phosphine ligand is tris(ortho-
tolyl)phosphine, i.e. Pd(o-Tol)s. Preferred Pd(ll) salts include palladium
acetate, i.e. PA(OAc),. Suzuki polymerisation is performed in the presence
of a base, for example sodium carbonate, potassium phosphate or an
organic base such as tetraethylammonium carbonate. Yamamoto

30 polymerisation employs a Ni(0) complex, for example bis(1,5-
cyclooctadienyl) nickel(0).

As alternatives to halogens as described above, leaving groups of formula
-0-S0,Z" can be used wherein Z' is as described above. Particular
35 examples of such leaving groups are tosylate, mesylate and triflate.



10Preferably the synthesis of the phenanthro[1, 10,9, 8-c, d, e, f, g] carbazol e
units is carried out according to previously described procedures in the 12
l'i t eraturwo 20iy/d18ldsoved by either an alkylation or aryl atr@peeacizenn to

i ncorporate the sol ubilizing group, ? | ustrated in Scheme 1. The double
hal ogenation reaction is foll owed by ei fher a doubl e 1ithi um hal ogen
15exchange reaction or palladiumcatalyst reaction in presence of a boron
source to obtain the double boronic acid or ester functionalized product.

Vamamoto,  16-100Ga RPAED a1l P 180 carniesis, PeedfArbEIRpRHh Bhits
preferably sgnd meeneraarauef fegmularhaod (bll,oandsttpjkhom@ugndm@ -pelymers gf;t rated in
Schene 2. ThF‘orFerPQ'IIyéF%rﬁuﬁr%eerlﬁftl‘?é Wlt}‘oe c emsﬁ'%é‘%% nﬁ@?élééft@rr Stille

coupling, as_exenplaril ustr at e Schene
2011/018144Pﬁ¢m&b¢@9m§62f thezgean'ﬂewfﬁ iverinefoiinlalk e of both the
1-nitrg and 3-nitroperylene followng literature procedures. 11:12 The crude

product is r?ﬁgtgeenenc syn‘he&s of the poly-2,7-(phenanthro[1,10,9,8-

c,d,e,f,g]carbazole)units with solubilizing groups and subsequent polymers
is exemplarily shown in Scheme 1 and 2 below.

10 Preferably the synthesis of the phenanthro[1,10,9,8-¢,d,e,f.g]carbazole
units is carried out according to previously described procedures in the
literature, '""'? followed by either an alkylation or arylation reaction to
incorporate the solubilizing group, as illustrated in Scheme 1. The double
halogenation reaction is followed by either a double lithium halogen

15 exchange reaction or palladium catalyst reaction in presence of a boron
source to obtain the double boronic acid or ester functionalized product.

Scheme 1

20 Alkylation
or
Arylation
SO E_See"
. I %

Br RLi
Boron source

or
Double OO Pd(0) / Base OO
Halogenation Boron source
30 _ N-R — N—R

Br /B\

35
The polymers can be synthesized by various organometallic catalyzed



triethyl phosphite in presence of nethanesulfonic acid to obtain the

phenant hro[ 1, 10,9, 8-c, d, e, f, g] carbazol e. This product is al kyl ated using 9-
5hept adecapeop/aigisuenesul f onat e, 822 t hen brom nat ed usi RGTNP2010004265 U
ccimde as a hal ogen source in dinethyl$prmam de. The final product is

synt hesi zed via a double |ithium hal ogen exchange followi ng by the addition
of the 2-isopropoxy-4,4,5,5-tetramethyl-1, 3, 2-di oxaborol ane. The pol yner is
prepared using a Suzuki coupling polynerization.23 10 Schene 4 20 WO
2011/ 018144REHeRFRALEN %@%ﬂamo’i@ 15" GREARTCBF Sille” collpng ot et hods of

prepari ng nononers, and s descri be abo another
aspect of tH@mﬁpﬁwme@ﬁ arg {gr?@ ﬁle 'r‘?”‘ﬂ 'Bam Bfgé’ i nvention
can al so be gsigslinghas illustrated in Scheme 2.

5 Scheme 2
0. 90
i[iB\/ /\B:E”’Br
10 0 — 0
N N

|
R R

wose {4 )
g S Y
Base

Solvent

20
. Ni(COD), .
BPy

25 R R

The copolymers are preferably prepared using Suzuki or Stille coupling,
as exemplarily illustrated in Scheme 3.

30 Scheme 3

35



charge-transport, sem conducting, electrically conducting, photoconducting
and/ or | iwbt2oamisté4eng sem conducti ng properties, or for pexarpdio/onm2eh
interlayers 25or charge bl ocking |ayers“fn OLED devices. Thus, another
aspect of the invention relates to a polyner blend conprising one or nore
pol ymers having one or mene of sthg above-nentioned properties. These bl ends
can be prepared by co @ 2 b hods that are described in prior art and
30known to th sk'IIeJ\c
other or dis edvin g vent t he sol uti ons combi ned.
Anot her aspe f 1Bie Bes t tro BRaT AR TR conpri sing one or
nore ofganic solvents. - 3N- Preferred solvents are aliphatic
hydr ocar bons, chl ori nated hybrocarbons, aromati ¢ hydrocar bons, ketones,
1,2,4-trimethyl benzene, 1,2,3 4- tetranethyl benzene, “pentylBenzene,
nmesi tyl ene, cuneng 5cycl ohexyl benzene, diethyl benzene, tetralin
2- chl orobenzotri et hyl f or pam de, 2-chl or o- 6f | uor ot ol uene,
2-fl uog@ani sol e, - di et hy py+8%i ne, 4- @+ygf oani sol e,
4- met hyl ansi ol e, : misol e, 4-fl Q{S-nethykg sole, 2-
10f | uor obenzonitrile, | uoroveratrol, 2,6-dinethylanisole, 3-
3, 5-di net hyl ani sol e, NRN-di net hyl aniline, ethyl benzoate,_1-fluoro-3, 5-
di met hoxybenzene, 1-nethyl naph N- net hyl pyrrolidi none, 3-
15t ri f [ Gor onetARg¥ERzene, oroRenzgtrifluoride, 3-fluoropyridine,
tol uene, 2-fl uokige”d uene, ar obe rifluonide, 3-fluorotoluene, 4-

' -v‘@- Arﬁ')qmotol uene, 2,5-
difluorotoluenq% ghloro-z, di(f | ugr-ebenzene, 2-fl uoropyridine, 3-
chl or of | uor obers¥HE 3-chl or of | uONSbenzene, 1-chl oro- 2, 5-
dichlo%Bbenzene, 2-chl or of | uor obeRzene, p-xylene, mxylene, o-xylene or
m xtur® of o-, m, 8 yseners. Solvents with relatively low polarity are
t enper at ures and
25al kyl at ed benz ne and tol uene are preferred.

Br 4+ Br—Ar—Br

pol ymer bl ends, for exanple together with other polynmers having
pol yners havi ng hol e bl ocking or electr bl ocki ng properties for use as
pol ymers according to the present invention and one or nore further

gl cal Ly the polyners are m xed with each
nmore pol ymer s-or ol nye 4 des©fi bed above and bel ow and one 35or
ethers and m xtures thereof RAdditional solvents which can be used include
decalin, 2,6-1utj aro- mxyl ene, 3-fluoro-o-xylene,
3-fl uor oani sBre; reBhyHani spl e, B2-Aret-Byl ar)i sol e, phenetol,
fl uorobenzonitrile, 2,%-dinethylanisole, 2,4-dinethylanisole, benzonitrile,
fluoro gnzotrifluoride, ben | ug 8, benzotrifluoride, diosane,
|sopropylb|pheﬁ¥£%§phenw
20di f | uor obenzene, 4-chl orof | uorodenzene, chl orobenzene, o-

-! p- STON
general ly prefer t printing solvents with high boiling
ures are preferred. For spin coating
Br

25 ',“

o O
BPy
* Ar *
w e O )R

|
R

More specifically, the 2,7-functionalized phenanthro[1,10,9,8-
c,d,e,f,g]carbazole units are synthesized in five steps from perylene as
exemplarily illustrated in Scheme 4 below. Perylene is first nitrated,

35



Exanpl es of especially preferred solvents include, without limtation,

di chl oronet hane, trichl oronethane, nonochl orobenzene, odi chl orobenzene,

t et r ahydrwbuoamiseni sol e, norphol i ne, tol uene, o-xyl enepC3mProayloes262

p- xyl ene, 1, 4-di oxane, acetone, nethyl ei2d9/ ketone, 1,2- dichl oroethane,
1,1, 1-trichloroethane, 1,1, 2,2-tetrachl oroethane, ethyl acetate, n-butyl
acetate, dinethylformam de, dinethylacetam de, dinethyl sulfoxide,
tetraline, decaline, indane, nethyl benzoate, ethyl benzoate, nesityl ene
and/ or ni xt uresultimg ireafmixtund afbth tHes 144PCENEPRORYPIYIRAR foll@&ing The

trati N i j f Ly 0.1 to 10% b
Serght . or aMeP 2 BrRERIFES L1 TThS Eni Bl B RR e Lo Ut on al 2o
conpri ses on&lhyIRBPEPhite epresencadif sethahesulferit agidctal olptaipiiet i es, as
descri bed fObhéﬁéﬁm'@ﬁ',m,%-gﬁﬁg{ﬁgﬁﬂéz&%: Tﬁfs{;ﬁédpgfiﬁaanIgﬂ%' E%eig% | X1 ng

and agei ng, oltuﬂtqj ons are evalu ag,Pne o ) owmng ca I es:
conpl ePe sol GEPBIeCcapER:IlveResHianaten~ thentyemimated usieg dbnt our |ine is
drawn to out bigrosiecisideils ki hialogen aaF&Y mrmﬁfe@lgﬁfbrhfa?ﬁihegThéﬁq{a? di vi di ng
solubility angoéj niol Ubitbi t%. ' Corr;r)éet(?' 10solvents falling wthin the

sol ubi lity aPEPYELs BYNPRYICEA W3 gHqubie ity dalegen exchangatollgwing bied i n
'_'I_Cr ﬁV\A fay, J. the additignef tie SfiSdeWY@%ﬁ*iethTémgl-1:]3),Qtdl|§kat§tiaro%ﬂé?é .
echnol ogy, ; " vent .ends , may .al . so 4e used an
can be ident ?ﬁ Fﬁ%’égggﬁ ﬁ%@%"gggp"gs%gggHﬁs‘EmW'ﬂﬂQQ'X’E‘,\"(%%%} ation of
Soci etil®s for Coati ngs Technol ogy, p9-10, 1986". 15Such a procedure may

| ead to a bl ggdepfe 4 NON' solvents that will dissolve both the polyners of
the present invention, although it is desirable to have at |east one true
solvent in a blend. The polynmers according to the present invention can

al so be used in 20patterned OSC | ayers in the devices as d¥ec¢ri bed above
and bel ow. For _applications in nodern mi.croelectronics_it | s generally

desirabl e to[gene snal h!(?truc pat t erns 0 & cost (nore
ar eg nd p 3 cong

devi cedbuni t | ayers
conprising a pgrynef accord®Pg to tH sent invent] be carried out

for exanple 254 pt ol i1t4‘ﬁ_|9g“§pg1y, y or |aser

5 ,gam'l‘lith
patterning. For wse™as thin [ayers e ﬁi!c or erestrogptical devices
bl ends or f¢ s of the @ nvention nmay
DyL-any=sui t abl e nmet hos #'d coating ®f deyi€es is nore

t he pol yners

be deposited

desirabl e than 30vacuum deposition techni ques. Sol ution deposition nethods
are esp@cially preferred. The fornul ations of the present invention enable
the use of a nunber pqod coating t@thni ques erred deposition

t echni ques i ncl ude, imtationJdip co Di n coating, ink jet

printing, |ettPApre g, Sedtegn et bl ,coating,
roller —_ NH N
P(OEt), NaOH O CgH,,
DMSO
25
Br B

30 OO 2) B OO
2 eq.NBS ‘ CeH,; 2) B(OR), ‘ CgH,;
N— - N—

35 M




35printing, reverse-roller printing, offset |ithography printing,
fl exographic printing, web printing, spray coating, brush coating or pad
printi ng.worktijasi44WO 2011/ 018144PCT/ EP2010/ 004262 - 33 PCTMPROMDIOD62 S
particularly preferred as it allows hi.ghgresol ution |ayers and devices to
be prepared. Selected fornul ations of the present invention nmay be applied
to 5 prefabricated device substrates by ink jet printing or
m crodi spensing. Preferably industrial piezoelectric print heads such as
but not limted to thg gd by Aprion, Hitachi-Koki, InkJet
Technol ogy, On Tar get Pi cojet, Spectra, NTri'gent, Xaar may be
used to apply e ndux | ayer to a sWbgA Addi tionally
sem -i ndustri_all 10&ea R thBse wHac $ Epson,
Koni ca, Sei ko S aT si ng jtispensers such
as those produced by Mcrs p and M cr of alBrmay . In“ordér to be
applie@ by ink jet printing or m crodi spensing, the polynmers 15shoul d be
first dissolved in a Eqitag+ ol vent. Solvents nust fulfil the
requirenments stated ab®vé and® fust not have any detrinental effect on the
chosen print head. Additionally, solvents should Rave borN ng points >100C,
preferably >140C and nore preferably >150C in Qrdg to [ *operability
probl ens causeg t he sol utg dryimagout i ndlge Op8i nt head. Apart
fromthe solve%fé qgthoned ncl ude substituted and
iﬁg ne deri

non-subBtitute _ am de, substituted
and non- substELNOEHaGNi so) eg \ , & derivati ves,

substituted heterocytl e pyrazi nes,

25N, N-di - C1_2-al kyl ani | i nes and ‘wther fluorinated or chlorinated aromatics.
A preferred solvent for depositing a polyner according to the present
invention by ink jet printing copprises a benzene derivative which has a
benzeng5ring substituted by (gh'@ or Felle substituents wherein the total
30nunber of carbon atons anong the one or nore substituents is at |east
three. For exanple, the benzene derivative may be substituted with a propyl
group or t hrEee meveyinethanspsf, prepasng meonarases ark peolynensgasadesasiet t hr ee

Cooer's o HA habeicl Bl ApdPtERbeBratb g ]t 11 to be forme

20 The polymers according to the present invention can also be used in
polymer blends, for example together with other polymers having charge-
transport, semiconducting, electrically conducting, photoconducting and/or
light emitting semiconducting properties, or for example with polymers
having hole blocking or electron blocking properties for use as interlayers

25 or charge blocking layers in OLED devices. Thus, another aspect of the
invention relates to a polymer blend comprising one or more polymers
according to the present invention and one or more further polymers
having one or more of the above-mentioned properties. These blends can
be prepared by conventional methods that are described in prior art and

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

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



35prevents clogging of the jets and separation of the conponents during
sprayi ng. The solvent(s) may include those selected fromthe follow ng |i st
WO 2011/ OWOLAMIRATI4EP2010/ 004262 - 34 - of exanpl es: dod@CYIHPet1nOMEs2

1-met hyl -4-tert-butyl benzene, terpineol l4i "onene, isodurene, terpinolene,
cynene, diethyl benzene. The solvent may“be a solvent mixture, that is a
conbi nation of two or nore solvents, each solvent preferably having a
boi l i ng point >100C, nore preferably 5>140C. Such solvent(s) also enhance

filmfor matl efe'?re%jhﬁoll/é‘f"( rarg%"l’i ﬁbfl@ﬂy arﬁ(?r'rk“g:lhﬂﬁ npa"féé %orﬁ'ég% er.

The ink jet tluid I'S m Xt reo ven er an ucting
conpound) pr éfePait hydegcasbens ketones, zﬂ’fh%@ﬂﬁ mixtaGs tﬁﬁé@?f Addiional

10pr ef er abl YSétvéﬂthWﬁﬁ:IﬁE% HQ%%eBrlﬁélﬁﬂébﬂ2’43inﬁ%tﬂﬁ8§nz dlﬂéfl‘Pgl /JETS Of

formul ati ons CCOI“(;]I ent 1 nventjon can ad dgnal'ly conprise
one or nore FQ’H@ ﬁﬁéﬁ’é@rt%erﬁy §0@EN¢ . JBESIHdeRR tAINERR, dYFeRKanpl e from

surf ?cé ﬁcé l %?ﬂ@ﬁéi@ﬂbéﬁﬁergé Wheth ﬂiddz@négfétliaﬁn BBEdlin 2, 6-RARIHYE, D-fIghrPer si ng
agents, hydr 0 |ng nts Ve agen ow I nproyer am ng
agent s, _deaepg aafﬁ{?é?ftos ﬁf\ ﬁgg?rﬁlée'?@éﬂfﬁ‘f‘?f@eoP'WGH‘W@HB?M&
auxiliaries, Ze@ilmm@mlmmptaiym cﬂ-flpolgmmtcﬂe adsclet Qzagﬁﬁnetay%lyrézﬂﬁ@r&
nanoparticle the ent

i nvention ar gugfoa'{{]ﬁrﬂlg é%ﬁﬁro%@%@%hgq& %fh&g%{g%&gi %Enetgly %'al |y
conduct i ng, ph@ﬂ@@brmmathnlgnelple |Bgmetlnylamsn@ Hefluarbed-mathylapisiotss 2-

el ect 1 a0pt i ChliordbiehzbhAfiles 4. floFSid Al BRI, MnigdIg! 81 um nescent

corrponents or devi cés }/I’TEI’S of the present

evi
i nvention ar BU?SPEF@&PW”'&;)BI& -dimetbylanisole, a&é imgthylaniggle, bsnzpnitrilet he
present i nvegi§-ainéthyRankcw NWdtnﬁéthb]%ﬁ‘ulﬂfe teh@ylfb@ﬁkéa@ducm&a Ppslyner,

P P e iy Bh TSk, S me Bt a Ry et oo, ot 1
vari ous dfew ﬁeero@&dzepﬁh:mﬁasbeﬂ'itﬁnﬂmmﬂé aierﬂbtrrfmbnbe divednef or exaﬂp|he,
30i t

in the Orfﬂf@se&pé {yﬂ@ﬂi’gﬁé Yal, o%reng rﬂlugo a,ﬁfgﬁlﬁﬁg y&&%’? i n anot her

aspect, the ntion provides a for use in an
el ectroni c diluere, 3- ﬂ@omgl@eneoaﬂup@b@@tmqurm 3-fhargtobuene, ehd or

formulation AEBREIBBNLAYL BRehRVARL, g{g{m%aﬂm&&t lerd lmay be less than

about 30 mcr For vari ous el Vi ce a I cdti'ons, the thickness

35may be Iesg'?'é"ﬁé‘ﬁo%%\?t lchW@r%ﬁ @'HPQ'IQ eﬂﬁ@"@a@‘@ﬂowf Qjé3p05| ted, for

chlorofluorobenzene, 3-chlorofluorobenzene, 1-chloro-2,5-

20 difluorobenzene, 4-chlorofluorobenzene, chiorobenzene, o-
dichlorobenzene, 2-chlorofluorobenzene, p-xylene, m-xylene, o-xylene or
mixture of o-, m-, and p-isomers. Solvents with relatively low polarity are
generally preferred. For inkjet printing solvents with high boiling
temperatures and solvent mixtures are preferred. For spin coating

25 alkylated benzenes like xylene and toluene are preferred.

Examples of especially preferred solvents include, without limitation,
dichloromethane, trichloromethane, monochlorobenzene, o-
dichlorobenzene, tetrahydrofuran, anisole, morpholine, toluene, o-xylene,
30 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,
dimethylisulfoxide, tetraline, decaline, indane, methyl benzoate, ethyt

benzoate, mesitylene and/or mixtures thereof.
35



exanple on a part of an electronic device, by any of the aforenentioned W
2011/ 018144PCT/ EP2010/ 004262 - 35 - solution coating or printing

t echni ques O 20ti@18IMent i on addi tionally provi des an el ecPCoOMmPeO1dAVi26E
conprising a polyner, polyner blend, fo82ul ation or organic sem conducting

| ayer 5according to the present invention. Especially preferred devices are
OFETs, TFTs, IGCs, logic circuits, capacitors, RFID tags, OLEDs, OLETs,
OPEDs, OPVs, solar cells, |aser diodes, photoconductors, photodetectors,

el ectr ogho_t oghaRoncenisatiesf the pelymsssin thg spiutien iscpreferiably QdvocK¥bs or gani ¢
menory devic ol ) il 10di odes,
pl anari si ng ﬁzy"ee?@ﬂsg{rﬂﬂg?ygﬁeﬁéb?’ﬁ]ﬁé&%’%%ﬁ’ﬁ'?ﬁg ds@%’?’???dt@%%%@onduct I ng
patterns. Esplsoicamprisascone pemasedindersite agiiust de sheolegicakproperies, and opv

devices. For,£¥%@agplied f&%)éﬁﬁélé%%@imgs‘é@m Aahannel between the 15drain
and sogrce in an OFET may conprise the |layer of the invention. As another

exanpl€, a charge (hole or electron) injection or transport [ayer in an
OLED devi ce pwmy¥r gyappdpriate miyigranefadding) solativnare dVeustedras ahe ohs

di to,th A d |lay f d .
par t1 cul ar i IBW CateaBMES carmaRR s Bl o RERFE, ORISR B et ar r e
enbodi ment s mestuhidethdeoriour limbds davpo tmdutlinerthalsatubiity padametessr of t he

present inveptli r Lal |y -suit ; b i@ ¢ e field
O foct -t ansl iy SoeREARERS firs, diyilg Lt ind ERAPIRG EERRILE || < [
invent18n al solvpnisvatiing withinsbe gehibility iased canecehasearfsndigeratureET)
compr i i ng_ aygRke LAY GKISIEA ihnerbilynd L OTesgle, Gl ah@ilodayer . a
source electrode, a drain electrode and ap_or I.C 3 5 dugctii nﬁ channel
connect i ng tHé’Vséfu,rwraﬁ'cpfd?%'ir‘ﬁT@F@&‘?'PSMeggi Mﬂggg@i% gi& %5 -a%‘?'&e t
! . . g .
sem conduct i prelBanag kiser® Lsegsard pahbeeidentitdd a8 deblrityetl irf @atudrits on or
organi ¢ semi GORduGLT pg | ayer 3QAcCqdi n9 d%ihiS TLcRRERy BYSHY, ¥R X Ner
15 Such a procedure may lead to a blend of ‘non’ solvents that will dissolve
both the polymers of the present invention, although it is desirable to have

at least one true solvent in a blend.

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

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



known to those skilled in the art. OFETs where an organi c sem conducting
(CsC) material is arranged as a thin filmbetween a gate dielectric and a
drai n andwve8nurse4el ectrode, are 35general ly known, anecamPadescssbed for
exanple in US 5,892,244, US 5,998, 804, -083 6, 723,394 and in the references
cited in the background WO 2011/018144PCT/EP2010/004262 - 36 - section.
Due to the advantages, |ike |low cost production using the solubility
properties of the conpounds according to the invention and thus the
processi bi | i pyinting ispgudicslarlyauetsrred as drallsavsahighireaoiutios layerstamde FETs are

such as i nt egkgi [ | TFT di splays and security applications. 5 The
gat e, sourcea%ll egrtgib:]e%eﬂeggﬁdddes and the insulating and sem conducti ng

| ayer in the OFET device may be arranged in any sequence, provided that the

source and deigtted #6iRNEGoRS Sfﬂﬁoﬁfébﬁfiin%ﬁfﬁi% %r%gsé%gﬁhéa% ode by the

contach the PISaPHERRY Teijes SURHIAER EYIBI ST DO aRS QP ERings i 1

el ectrode boPIiﬁef_eﬁaitblymﬁdd‘lémaIS;ﬁﬁiz@@I@dtﬂd;'brnﬂ_He@ﬂSrsucﬁrhsCEl'iTn&ﬁMﬁiEérﬁO%fécorl gl ng

drai n el ot r BIREe SUpHysAERGHSh oo KB AR TR ilosaydr T ifte or mor o

gat e i nsul at dechrglegy, Picojetj Spetirg, FridertsXaat may be used to apply the
organic semiconductor layer to a substrate. Additionally semi-industrial

10 heads such as those manufactured by Brother, Epson, Konica, Seiko

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

In order to be applied by ink jet printing or microdispensing, the polymers
15 should be first dissolved in a suitable solvent. Solvents must fulfil the
requirements stated above and must not have any detrimental effect on
the chosen print head. Additionally, solvents should have boiling points
>100°C, preferably >140°C and more preferably >150°C in order to
prevent operability problems caused by the solution drying out inside the
20 print head. Apart from the solvents methoned above, suitable solvents
include substituted and non-substituted xylene derivatives, di-C4.-alky!
formamide, substituted and non-substituted anisoles and other phenol-
ether derivatives, substituted heterocycles such as substituted pyridines,
pyrazines, pyrimidines, pyrrolidinones, substituted and non-substituted
25 N,N-di-C1.z-alkylanilines and other fluorinated or chlorinated aromatics.

A preferred solvent for depositing a polymer according to the present
invention by ink jet printing comprises a benzene derivative which has a
benzene ring substituted by one or more substituents wherein the total

30 number of carbon atoms among the one or more substituents is at least
three. For example, the benzene derivative may be substituted with a
propy! group or three methyl groups, in either case there being at least
three carbon atoms in total. Such a solvent enables an ink jet fluid to be
formed comprising the solvent with the polymer, which reduces or

35 prevents clogging of the jets and separation of the components during
spraying. The solvent(s) may include those selected from the following list



20 wherein the sem conductor |ayer preferably conprises a polyner, polyner
bl end or formul ati on as descri bed above and bel ow. The OFET device can be a
t op gat e WoOwITI@I8r44a bottom gate device. 25Suitabl e str RCTHRPRGI0AMD62

manuf act uri ng nmet hods of an OFET devi ceaare known to the skilled in the art
and are described in the literature, for exanple in US 2007/0102696 Al . The
gate insul ator |ayer preferably conprises a fluoropolyner, like e.g. the
30comercially avail abl e Cytop 809Me or Cytop 107Mr) (from Asahi d ass).

Preferably tBeegahpldsaBtabPbehayRs, i-?n@lﬁ?l%—!tér%utﬁb@nzéﬁé,%@Wﬁ'i&ﬂat i ng,
doctor bladipg, wire bar coating, spray ofr dlgfﬁ tgtoatl ng or g}t er known
met hods, fr ofNRNEBLNISPIHIENE dBTRIPPIENE gCURENBTiEHYIREnEaNS: ITAE S¥eMne or
ggr e fs;al vent mla»yi 5?1 acsgmemtrﬁmltmet thaf:lngaaidmwl néﬁ?rﬁl_@f ﬁﬁ@bverFmCr%sm\mrﬂé,er albl %l a
per f | uor osol ven sui tahl e perfluorqgsol ve £ Q. r avai |l abl e
From Acros. -Gt APBYEE! ALFBERD 550 & BoHES Rt =Isfest Freregarormbhe ana” wo
2011/ 098144PETAGRZ030¢1084BRt(s) AlB0-erfiharmediim formbtionrie thentayer i n prior art,
i ke for exa 8si{41faﬁ§frréé&8 8€gérﬁ¥£?{®re'r'§kélgn AF(r) 1600 or 2400 (from

DuPont) or FI'toropel e rom € perfluorosolvent FC 43(r)
(Acros, No. 12377). Especially preferred are organic dielectric materials

having a '0""I'ﬁe%l€qgéttﬂmﬁ {tha f%rmgétﬁr'ee&ftgdlﬁrﬁpt?'hﬁel; Engfs%%i&orqdlﬁ@i 0, very
preferably from1l.8 to 4.0 low k materia sol), as di sclosed tor exanple in
US 2007/ 010269®PaLNd} pigteratily hag gyviscosity at 4L Capf1 180 Rasc &8I ng to t he

present0i nvepidferably ¢i50 mMP /s apahbsEsrefdrdblyal-Bovmpargk function el ectrode
(for exanple Alum num, a high work function electrode (for exanple 1TO,

one of which is transparent,
The polymers or formulations according to the present invention can

additionally comprise one or more further components or additives selected
for for example from surface-active compounds, lubricating agents, wetting

15 agents, dispersing agents, hydrophobing agents, adhesive agents, flow
improvers, defoaming agents, deaerators, diluents which may be reactive or
non-reactive, auxiliaries, colourants, dyes or pigments, sensitizers, stabilizers,
nanoparticles or inhibitors.

20 The polymers according to the present invention are useful as charge
transport, semiconducting, electrically conducting, photoconducting or light
mitting materials in optical, electrooptical, electronic, electroluminescent or
photoluminescent components or devices. In these devices, the polymers
of the present invention are typically applied as thin layers or films.

25
Thus, the present invention also provides the use of the semiconducting
polymer, polymer blend, formulation or layer in an electronic device. The
formulation may be used as a high mobility semiconducting material in
various devices and apparatus. The formulation may be used, for example,

30 in the form of a semiconducting layer or film. Accordingly, in another
aspect, the present invention provides a semiconducting layer for use in an
electronic device, the layer comprising a polymer, polymer blend or
formulation according to the invention. The layer or film may be less than
about 30 microns. For various electronic device applications, the thickness

35 may be less than about 1 micron thick. The layer may be deposited, for
example on a part of an electronic device, by any of the aforementioned



a bilayer of consisting of a hole transporting and an el ectron

transporting material; the bilayer can exist as two distinct |layers or as a
15bl endedwoi2ntumeld4a so-cal l ed bul k heterjunction (BH)) PCITaEP261000£28ANDI €
Coakl ey, K M and McCGehee, M D. Chem3gvater. 2004, 16, 4533), an

optional conducting polymer layer (such as for exanple PEDOT: PSS) to nodify
the work function of the high work function el ectrode to provide an ohm c
contact for the hole, 20an optional coating on the high workfunction

el ectrode (siynltighscddting éropriting ®ehaiguels ¢ contact for el ectrons. The hole
transporting material i's constituted by a conpound of the present

i nvention. The electron transporting material can be an inorganic materi al

25such as ziTKe pwedtonaddiidmalynpsevides de,electrenic deying comartiginNgd such as a

full erene derivate (f I : 5 icéidu L& acid net hyl
ester] or a R%Y'Vﬁﬁrp(oég@e%%@Xgﬁ@%’g&?g@a'ﬁéggﬂm%nd Néghe@r?gié& M D Che)r/n
Mat e[).5 2004, acording 36 the peeseridnventione Especiglly oreferred ie\ises akhneal i ng st ep
may be neces t t icd Rl i % C OV FORI oPV

devi ce perfoéﬁgﬁgé?':?ﬁ’ ’scl'(egdﬁé‘qlle C‘ﬁgggﬁ%a i gﬁ@kg%{ta@@hglo hte'smiéyis'ces W th
sem conduct i OFERs, &R s ssalaices !l fpardlio ’&?‘Qé%‘?ﬂn L\’?@‘gﬁt PEH,OdFEEfféorS’

transi stors j dpic ieagd f foat ic pecarding déevi Ki t

aut henti cat eagﬁﬂéméght éSgg\llmtég’r?feeaiO?%o? cﬁ N m(? gylcel;rl :tEgS >
banknot es, co@aNiC BEMAY GEVIGESe §PASOT ARYS gha %Bﬁ%ﬁ%’é‘h{a{ ?%’i cgr?steg or any
productQw t hyigBBS pldnNAsiHgG layeh) a6tistand Sivisl ROTYAERHOg GLOSYHABE and8 - || ke
stanps, ti cketrrsfglq%hare cheques etc.. Alternatively, the materials

accordi ng t 0°Q ngﬂ‘ﬁ X r|]IS_'can be used in organic light emtting devices or
di odes (OLEDs), e.g., in display 5applications or as backlight of e.g.

 Poetur ot Ghp SRR PTon 0 BB ShEBeyoaye O ExsOLEDARIOR 2y
devices. For example, the active semiconductor channel between the
15 drain and source in an OFET may comprise the layer of the invention. As
another example, a charge (hole or electron) injection or transport layer in
an OLED device may comprise the 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

20 preferred embodiments described herein.

The compound, formulation and layer of the present invention are
especially suitable for use in an organic field effect transistor OFET as the
semiconducting channel. Accordingly, the invention also provides an

25 organic field effect transistor (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
polymer, polymer blend, formulation or organic semiconducting layer

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

OFETs where an organic semiconducting (OSC) material is arranged as a

thin film between a gate dielectricand a drain and a source electrode, are
35 generally known, and are described for example in US 5,892,244, US

5098 804, US 6,723,394 and in the references cited in the background



sandwi ched between one or nore el ectron-transport and/ or hol e-transport

| ayers. By applying an electric voltage el ectrons and hol es as charge
carriers wowvelitasemds the em ssion |ayer where their 1l0rermpémadizen | eads
to the excitation and hence |um nescence3®f the | unophor units contained in
the em ssion |layer. The inventive conpounds, materials and filnms may be
enpl oyed in one or nore of the charge transport |ayers and/ or in the

em ssion |ayer, corresponding to their electrical and/ or optical
properties. FFIABr Pyedotheadvantaggst like laweostaedustion usmgethei s especi al |y

advant ageous ,sdnﬁbmﬂyqor@’@énf@srmhe RhduHdE é’é’dﬂ)n{}}ih?@% tAS G HtidR drfy tHiS
i nvention shgg%electro elsel ves or conpri se

uni nescent properties t el
el ectrol umin é’ﬁ?%%%’&fb’@ %ﬁa@@nﬂdfam, preferred | applications phthesedtETait i on as
wel | as the raretsexs:hiawinﬂégratédahﬁﬁtm@p}a&ﬁﬁ&%&ﬁ&ﬁ?ﬁﬂ#c%ﬂﬁri ¢
y

conpourgls or materials for the use 20 in OLEDs is genera known by a
person skilled in the art, see, e.g., Meerholz, Synthetic Materials,

111- 112, 20007he3gate4 sontaeadrsd diain Afgutrodeisyand tHSinsdRBiNg arkR4- 7128 and the

literature ci (=T N reli r..yse, the terials according
to the pr eserﬁeﬁggéﬂi?ﬁl\]/@n I'S%F@‘s‘ﬁ%cq?'éﬁy "ﬁ%‘%ﬁ"‘\)&h%ﬁ"@ﬁ%ﬂ@%ﬂﬂ um nescent
properties, FEAUBBCRnPIGYided thet the seurseanst diadinyklectodecars, sepagatedof di spl ay

Sei enca 279, Ton JaeopsibdeBnE RisdatndlaRt, ¥ date Feblodd afims ates 1o

, 5-837. ) ,
bot h t HE oxi GFENEOHGHEIPERYEEROSoRtaEt thednswating fRyerag0d thit sgurae t hi s

invention. Eieldutrodeoand the griin efctRIdeBItAtoNnt At Uhé Sehil ' a
hi ghly del ocalised ionic form which is of high conguc%(:swﬁbbfllﬁygﬁ can

occur on exposure to conmon dopants. Suitable dopants and net hods of doping

are known toArOEETstévite dctordingetater presentinvention F%@r&ﬂﬁ c@ﬁg}ris@:
5,198, 153 or -%&ﬁéé%ﬁ%&md WO 2011/ 018144PCT/ EP2010/ 004262 - 39 - The
a1y

dopi ng ocess typic I r(rapl ies treatnent of the sem conductor nateri al

;
with aﬂ%oxi da@idiginelectrigdei ng agent in a redox reaction to form del ocal i sed
ionic centresgidghteged®dfyial, wWith the corresponding counterions derived
fromthe applied dopants. Suitable doping nmethods 5conprise for exanple
exposure to a2 “aa iB¥ef.he atmospheric pressure or at a reduced
pressure, el echeashmotecgatedapulatbril@yerssol ution contai ning a dopant,

bringing a dogggé#'waﬁaﬁsgﬁ_ct with the sem conductor material to be

thermally dif errpl antantion of the dopant into the
sem coBfuct or material .

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

The OFET device can be a top gate device or a bottom gate device.

25 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.

The gate insulator layer preferably comprises a fluoropolymer, like e.g. the
30 commercially available Cytop 809M® or Cytop 107M® (from Asahi Glass).
Preferably the gate insulator layer is deposited, e.g. by spin-coating,
doctor blading, wire bar coating, spray or dip coating or other known
methods, from a formulation comprising an insulator material and one or
more solvents with one or more fluoro atoms (fluorosolvents), preferably a
35 perfluorosolvent. A suitable perfluorosolvent is e.g. FC75® (available from
Acros, catalogue number 12380). Other suitable fluoropolymers and



10 When el ectrons are used as carriers, suitable dopants are for exanple
hal ogens (e.g., 12, Cl12, Br2, I1Cl, 1Cl13, IBr and IF), Lewis acids (e.g.,
PF5, AsF5woShA#18sBF3, BCl 3, SbCl5, BBr3 and SC3), prot olRCE/ERCI10H04262 gani C
acids, or amno acids (e.g., HF, HC, , H2SO4, HCI 04, FSO3H and

15CI SBH), transition netal conpounds (*¢.g., FeCl 3, FeOCl, Fe(Cl04) 3,
Fe(4- CH3C6H4S03) 3, TiCl4, ZrCl 4, HfCl4, NoF5, NbCl5, TaCl5, MF5, MCUC 5,
WF5, WCI 6, UF6 and LnCl 3 (wherein Ln is a |anthanoid), anions (e.g., d-,

B(, 1, 13-, 04- ., SU2- \}QB%I\; -Cérﬁ)é“_- Eﬂzé- gggr-n Iéaﬂ‘tléG" SbF6-, FeCl 4-,
Fe(CN) 63-, ranplyRatS ArekawWILI0 RSNty ke for axamRIe e s aryl - S03-) . when
20hol es ar e pey@doapotyameiseTafloreAB®Rp1EG0 of 2400 4inom lauBonatqrd%@orp@.e ) | H+,

Li, Na+, K+, + - I ' \ ?é\%l ; ; d GCs),

a: kal i ne- ear rﬁ%necslgﬂqs's%er tg%@ho@%ﬂ}aem%a@@égbr e £4!ﬁ2(3@_+?n( SbF%S),
(NC2) ( ShC16yspeaiaty) predsugd arg ongrnic diglectiie matg(ialed)ayingadow FS0200S02F,
Eu, acsty'C!}?érirﬁlﬁiv'tf ﬁ’}#die(e%tﬂiéc&ﬁlaﬁk KYdmOr.04®5.0, pfdleiblyfrom ¥ group),
25R6As+ (R l UP), . R3S I

conduct i Elg :‘%r"r?BdﬁOW% A %ﬁdgsn s Q%dﬁéézﬂ%gié%ﬁ#iﬁpwﬁlo%%sed as an

organi ¢ "neta} 'oriUs AWY5,044.i ons including, but not limted to, charge

I njection layers and I TO planarising |layers in OLED applications, 30filns
for flat panel displays and touch screens, antistatic filns, printed
conduct i ve shQP¥idesjcepaddozding torthe paesentiinvesitiont preférablypgompeasesons such

[ d ci |t d d
?gr ﬁ{li g{)?on? ;%Edov}! &&gg?ﬁdﬁ?ﬂge'%&ggggnﬁ:}%\%n il%ﬁngnnﬁggﬁgrgos_bghsui table for
use in organi capigiswork friction eleairasteedfor exaele, ITEY, aee of Whdeh fSor exanpl e in

Kol ler et al., %Egé}gr nfPhot oni cs 2008 (published WO
2011/018144PCTt[ 010/ 004262 -40 - online Se tenbﬁr 2 2008). According to
r@?%@@ an,

anot her use, - tadilayerficansistivgRfa hgle:trAnspo i€16e®M on can be used
al one or toget{ighs uhg%bféridlﬁh@rtii@[yér tan existas alvogatistiTet Idjeay er asian LCD or

i
OLED dgyi ces, séjémcr.l ed for exa in, US 2003/ 13. . T of
char ge?gr ans po&?" Garﬁ'aﬁﬁﬁg' %éeﬁﬁﬁg"ﬁ'&“?@“ﬁfﬁ%rﬁ@p’ﬁi&&&ﬁ°6%§8§f??? ncr ease
the el ectri cal CoakieycKi M. anddficCGebeal MyihePhernalfater. 2A04, 16e4633), an LCD,
this increased,el SLALCANSRIAY PolyrhéIafaP such as for example

PEDOT:PSS) to modify the work function of the high work function

electrode to provide an ohmic contact for the hole,

20 - an optional coating on the high workfunction electrode (such as LiF) to
provide an ohmic contact for electrons.

The hole transporting material is constituted by a compound of the present
invention. The electron transporting material can be an inorganic material

25 such as zinc oxide or cadmium selenide, or an organic material such as a
fullerene derivate (for example PCBM, [(6,6)-phenyl C61-butyric acid
methyl ester] or a polymer see for example Coakley, K. M. and McGehee,
M. D. Chem. Mater. 2004, 16, 4533). For the blended mixture, an optional
annealing step may be necessary to optimize blend morpohology and

30 consequently OPV device performance.

In security applications, OFETs and other devices with semiconducting
materials according to the present invention, like transistors or diodes, can
be used for RFID tags or security markings to authenticate and prevent
35 counterfeiting of documents of value like banknotes, credit cards or ID
cards, national ID documents, licenses or any product with monetry value,



reduce adverse residual dc effects in the switchable LCD cell and 10
suppress inmage sticking or, for exanple in ferroelectric LCDs, reduce the
resi dual whasgeiprsduced by the switching of the spontaR€dmP2polog26Bat i on
charge of the ferroelectric LCs. \Wen us3gl-in an CLED device conprising a
light emtting material provided onto the alignment layer, this increased
el ectrical conductivity can enhance the el ectrol um nescence of the |ight
15em tting material. The conpounds or materials according to the present

i nventi on havikegstasysgtiokets psharegychequassétel.l i ne properties can form
oriented anisotropic filnms as descri bed above, which are especially useful
as alignment |ayers to induce or enhance alignment in a liquid crystal
medi um pr ovi dRlitereativelyathe materials apcardirig to thehavemtiar cam beasedridi ng to

20t he pr esentorggﬁm}dm@nﬂﬁmgaaéﬁcégeopg%ég 6L‘gdﬂo€£t'ﬁdﬂ ri sable

conpounds and/ Or, chrono use Iayers as
degg ri %d i n app '2’9@97‘%)92@@?90'(%@‘& gdiquid arystaiatispiags t GemmureOLEDs

according to é@&eﬂl’i@@ﬂémgW@I‘fﬂdy@ﬂstr@éﬁﬁ@@%ﬁ%hﬁsélgﬁ'@/é’l‘% génél%lllyb

derivatives (for, exanple Wt 80 ar or ronic s ally

doped forns, W%@h%ﬁw 9 e&ﬁ@?ﬁréé'ewﬁﬁgsbﬁﬂmﬂépr Bple-f or det ect| ng
and discrim rtaansp@rﬂ]biyeseﬁly&!mﬂgzlng%méiedﬁﬁ:svdnra@ed@éétrrd)rl%agné ﬁble%xés{ml ein L.

Ch D W esan D. Wiitten, Pr
ocenl\latl pWLcic] %‘%g"ﬁ%w t%QS e”ﬁ%? 'anz?f "\’/Qﬁf& their Gong P. S
Heeger, 1C¢, Riracombinationdeads t@thenaxcitatioA. and hdrMEnnlngSﬁéhcé\&tthg JAcad Sci .
U. S A. 2002 chanze an

Lakow cz, Langﬁnﬁpﬁg th pﬂi@%ﬁ%@ %%Sg@% %'KTh% Ingen lfnd?\ﬂ
Swager, ChemM&eyialvand fiimsmayssempieyedin oo of memmmlﬁﬁ@elo/ 004262 -

41 - of the tgy ohﬂé?ér'% @ d? dron B BRISTIGN e'?sc r%ﬁd{ﬂﬂ}tohtﬁeﬁ' ngul ar form

and vice vers roughout the descrlptlon
speci ficatioff e(ftH‘éa O optigalpropertiesn f U”@GHFQTQ]m%rn‘éﬁQ/Wﬂh@tthQns of the

wor ds, 1or  ecanipsien’lapenis Iespeguallgla?!vaﬁ@g@bgﬁeﬁ éhe @@o&h?kﬁ%t&?&é@é“t ozgﬁlt .
B e bl N T AN R Ao e
themselves or comprise electrolumlnescent groups or compounds. The
selection, characterization as well as the processing of suitable
monomeric, oligomeric and polymeric compounds or materials for the use
20 in OLEDs is generally known by a person skilled in the art, see, e.g.,
Meerholz, Synthetic Materials, 111-112, 2000, 31-34, Alcala, J. Appl.
Phys., 88, 2000, 7124-7128 and the literature cited therein:.

According to another use, the materials according to the present

25 invention, especially those which show photoluminescent properties, may
be employed as materials of light sources, e.g., of display devices such as
described in EP 0 889 350 A1 or by C. Weder et al., Science, 279, 1998,
835-837.

30 A further aspect of the invention relates to both the oxidised and reduced
form of the compounds according to this invention. Either loss or gain of
electrons results in formation of a highly delocalised ionic form, which is of
high conductivity. This can occur on exposure to common dopants.
Suitable dopants and methods of doping are known to those skilled in the

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



10 invention can be nade while still falling wthin the scope of the

I nvention. Each feature disclosed in this specification, unless stated

ot her w seyvommaw/igl4nepl aced by alternative features serviPoE/HEPR@0SHTE2

equi val ent or simlar purpose. Thus, unlgss stated otherw se, each feature
di scl osed is one exanple only of a generic series of equivalent or simlar
features. 15 All of the features disclosed in this specification nay be
conbi ned i n any conbi nati on, except conbi nati ons where at |east sone of

such featur esrh@ragp]ﬁ? i)tr@ébﬁssatﬁ/ﬁldé"?%bhé(s §%8 nH'ér‘ntV the %e%f:&h&ﬁ’é tgf - the

preferred features of the i ventlo re applicable to all aspects of the

i nvention an@%?ab‘é{' Q@Uns% ?ﬁ'ﬂ%ﬂpf 913 eRIIN 3 fada T%Ctlﬁ@éﬂt fares

descri bed i ndem:aﬁgé@r‘tbmelceﬂné‘@umme mzﬁerrmywhﬁ thé edrres aﬁ@hgl y (not in
combi nation). |t vu remﬁted é t, man f tBE eatu es descri bed
Sbove. part) EabBiarions i BRTFER 4B dbrind aPABic Sulabl aaRbarmetons « he:
own ri §ht ZSanmpmse fouekamplepaxposireao addqndgrve]pbr irf tHeh&@tnisspie ¥ At 1 nvention.
| ndependent o] e res i.n a ion to or
al ternative o £} 33& |Og\%é%|}égﬁ8%§g#%%qr%' %Iﬁé{?ﬁé%mﬁa gPBW@e’Q a S‘gﬁh?’l) Bl oui n,
N.; Lecl erc, containiog aClepantRbsngingos dopant imtblcnmacmwutmme Nemiconductdr. ,

Leclerc, M: n'ﬁﬁélial 9 i ey By Rl ot o S

(3) Cho, S e ol yners;
Skotheim T.t semgm&t@&or matemal. Eds. : CRC Pr ess LLC 35Boca Raton, Fla,
2007; Vvol. 1, p 8/1-8/87. (4) Boudreault P.-L.; Blouin, N ; Leclerc, M
Srohri eyl ﬁ% o Z0ond 25 st R O St Foiaer | 2003
28, 1297- 135RalogénsNerg.nly, Cly, Br;, ICEACH! 1Br aid M;CL@W@ &6i4s ¢6.g20%H;, 34,
4680- 4682. AsFs, SbFs, BF3, BCl;, SbCls, BBrs and SO3), protonic acids, organic
acids, or amino acids (e.g., HF, HCI, HNO3, H,SO4, HCIO,4, FSO3H and
15 CISO3H), transition metal compounds (e.g., FeCl;, FeOCI, Fe(ClO.)s,
Fe(4-CH3CeH4S03)3, TiCly, ZrCls, HfCly, NbF5, NbCls, TaCls, MoFs, MoCls,
WFs, WCls, UFs and LnCls (wherein Ln is a lanthanoid), anions (e.g., CI,
Br, I, 15, HSO,, SO.%, NO3, CIO., BF4, PFs, AsFg, SbFg’, FeCly,
Fe(CN)s>, and anions of various sulfonic acids, such as aryl-SO3’). When
20 holes are used as carriers, examples of dopants are cations (e.g., H', Li",
Na’, K, Rb" and Cs"), alkali metals (e.g., Li, Na, K, Rb, and Cs), alkaline-
earth metals (e.g., Ca, Sr, and Ba), O, XeOF,, (NO;") (SbF¢), (NO,")
(SbCIs-), (N02+) (BF4-), AgC|O4, H2|rC|5, La(NO3)3 ’ 6H20, FSOzoOSOZF,
Eu, acetylcholine, R4N", (R is an alkyl group), R4P* (R is an alkyl group),
25 ResAs” (R is an alkyl group), and R3S” (R is an alkyl group).

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

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

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



(7) Blouin, N ; Mchaud, A ; CGendron, D.; Wkim S.; Blair, E.; NeaguPl esu,
R; Belletete, M; Durocher, G; Tao, Y.; Leclerc, M J. Am 5Chem Soc.
2008, 130won8270dd24 (8) Blouin, N ; Mchaud, A ; LeclerectMpr2Admosbht er.
2007, 19, 2295 - 2300. (9) Park, S. H_ g4fay, A ; Beaupre, S.; Cho, S.;
Coates, N.; Mon, J. S.; Mses, D.; Leclerc, M; Lee, K ; Heeger, A J.
Nat. Photon. 2009, 3, 297-302. (10) Li, Y.; Wang, Z. Org. Lett. 2009, 11,
1385-1387. (11) Jiang, W; Qan, H; Li, Y.; Wang, Z. J. Og. Chem 2008,

73, 7369- 737gn|,r(elgbp{épﬁﬂ5@,r23\)20@8) J. Org Chem 1972, 37, 3379-3381. (13)
Sun, Y.; Tan, L.; Jiang, S.; H; Wang, Z.; Yan, D.; D, C; Wang, Y.;
Wi, W; VYu, G ; Yan, S.; V\ang C Hu, W; Liu, Y.; Zhu D. J. Am Chem

aOC N20|07 1[&800@&@@38&%&5%4%% mhtém#ﬂ@aecofdmg Brtbwpre@ent]mveﬁhmrend R.
. Nielsen,

el d-
J. H; Janss%"'l’l" bg uSEdBeI t?@?theﬁwl‘%l&ﬁ mt%/’?g‘g'” %Eigg/lagy.me I eu nﬁlélt ﬁr e
13579948%01( 12 RyefSh L(CIDE:)r GLEBEB devites, ds describedXor Bxavghle iniSer . 2002, 14,
t
Vékayama, H %Oéﬁ/@@%%% The Halg%drgu cﬁ’varg%vtraw% %%hpo?nds?éc%ﬁ@\ﬂ&éo h?(ubota
K. Macr onol eprésest in@ntion:antincreaserBe lagtyicakaansuctvityrof theaigament K. J.

é?r . CgemPOFS%yeéh%?\en]%%f |%2=§f1LCb7-¥ﬁis ifdréhs&8 Rldtifical OndBbctivity <PéH ym Sci.

reduce adverse residual dc effects in the switchable LCD cell and

10 suppress image sticking or, for example in ferroelectric LCDs, reduce the
residual charge produced by the switching of the spontaneous polarisation
charge of the ferroelectric LCs. When used in an OLED device comprising
a light emitting material provided onto the alignment layer, this increased
electrical conductivity can enhance the electroluminescence of the light

15 emitting material. The compounds or materials according to the present
invention having mesogenic or liquid crystalline properties can form
oriented anisotropic films as described above, which are especially useful
as alignment layers to induce or enhance alignment in a liquid crystal
medium provided onto said anisotropic film. The materials according to

20 the present invention may also be combined with photoisomerisable
compounds and/or chromophores for use in or as photoalignment layers,
as described in US 2003/0021913.

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

25 especially their water-soluble derivatives (for example with polar or ionic
side groups) or ionically doped forms, can be employed as chemical
sensors or materials for detecting and discriminating DNA sequences.
Such uses are described for example in L. Chen, D. W. McBranch, H.
Wang, R. Helgeson, F. Wudl and D. G. Whitten, Proc. Natl. Acad. Sci.

30 U.S.A. 1999, 96, 12287; D. Wang, X. Gong, P. S. Heeger, F. Rininsland,
G. C. Bazan and A. J. Heeger, Proc. Natl. Acad. Sci. U.S.A. 2002, 99, 49;
N. DiCesare, M. R. Pinot, K. S. Schanze and J. R. Lakowicz, Langmuir
2002, 18, 7785; D. T. McQuade, A. E. Pullen, T. M. Swager, Chem. Rev.
2000, 100, 2537.

35
Unless the context clearly indicates otherwise, as used herein plural forms



1533-1556. (19) Bao, Z.; Chan, W K ; Yu, L. J. Am Chem Soc. 1995, 117,
12426- 2512435. (20) Mullekom H A M v.; Vekemans, J. A J. M, Havinga,
E. E; MWpenil/@&Es14¢w Mater. Sci. Eng., R 2001, 32, 1-40CT(EP2)10Des2ater, G ;
Scharber, M C.; Brabec, C. J. Adv. Mtdn.- 2009, 21, 1323-1338. (22)

Mar zoni, G ; Garbrecht, W L. Synthesis 1987, 651-653. 30 (23) Towns, C.;
Wal |l ace, P.; Allen, |I.; Pounds, T.; Miurtagh, L., Modified Suzuki-nethod for
pol ynmeri zati on of aromatic nononers, US Patent 7,173,103 WO

2011/ 018144POTHEPEOOG/ liréftbare 3be cemstnpéad ad including the singular form and

Pol y[ N-9' - hep Efgqpé;.géphenant hro[1, 10,9, 8-c,d, e, f,g]carbazole-alt-5,5-(4",7"-
di - 2-t hienyl- benzot hi adl azole)] 1 was prepared as described bel ow
C8F1 1C8H17 151 N Hydro-phenanthrofi, 10,9, 8-c,d, e, f, qlcarbazole: To a hot

sol ution of Wﬁfdﬁ@!ﬂjtﬁﬁéd@s%p% é?mér)ns'd?tﬂls ﬂgn(ﬂ—%g% F%B) was

added m xt ter
5 comprlse and contaln and variations of the wor or example

“comprising” and “"comprises”, mean “including but not limited to”, and are
not intended to (and do not) exclude other components.

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

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

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

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

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

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

References:

30
(1) Blouin, N.; Leclerc, M. Acc. Chem. Res. 2008, 41, 1110-1119.
(2) Morin, J.-F.; Leclerc, M.; Ades, D.; Siove, A. Macromol. Rapid
Commun. 2005, 26, 761-778.
(3) Cho, S. H.; Song, K. T; Lee, J. Y. In Handbook of Conducting
Polymers; Skotheim, T. A., Reynolds, J. R., Eds.; CRC Press LLC:
35 Boca Raton, Fla, 2007; Vol. 1, p 8/1-8/87.
4) Boudreault, P.-L.; Blouin, N.; Leclerc, M. Adv. Polym Sci. 2008,
212, 99-124.



20= 1.5) dropwi se. The resulting solution was heated to 60 C with vigorous
stirring for 25-30 mns, and then cool ed and poured into water (4000 cnB).
The sol i dweaasiigabi4ect ed, washed and dried to afford a mPKTEPR010/004262
nitroperylene (26 % GC-MS) and 3-nitro§ezl|ryl ene (74 % GC-MS) as a brick-red
powder (29.1 g). The powder is suspended< ™ triethyl phosphite 25(130 cnB)
and met hanesul fonic acid (6.1 cnB). The mxture is heated to 200 C
overnight and then the solution is cooled dowmn. The excess of

triethyl phospgy te Graz@revwk under Srt?d]#lé@l apd Piéﬁcrwwdacy .| BieliGvowsxied

after colum chronkt(p;g |§d.c s el uent) The product is
further purified b u d the
title 30 pro%ggct ( J [-_-a ehéef 2?’% ﬁ@g% 8

Acet one-d6) '/ 12 eng lr1§ eagu— 8 1

Hz, 2H); 7.98 (d, es ByrqgheryG= fag, Ye 6'23 rc,

7.8 Hzg5 2H). -44 hmr@m (ﬂ9q32330n§$287r@freshl y povvdered pot assr um
hydr oxi de (2(&4 g, Biouid, Nroljchadbie .t beclerc, M. Adv. Mater. 2007, 19, 2295 -
phenant hro[ 1, 10, 9, 8300d, e, f, glcarbazol e was conpletely dissolved a

sol ution of @g)hept edﬂcaser- ReyuanesshiipRale: ChaB®.9Cokfed mqr/rbohn DMBO

(15 cnB) was added sar e hr t i ¢ O hour s
at 25C. After 18 hegy £%%§ Ij L%ngg% &\wgsﬁggutr}{edmle%pgpdb\stl Il?ét JPHOt@’r’ (200

B dth h h | h
(3% 55 *’%“eog a?%g%ﬂ%é?rx”a gﬂr% L @ﬁ?@%t over mmonesium
sul fate and ﬂ'u sot A8 FhotedlunteVVAREu e d/- pPEZ sGhEM. T r (e

product was di ssol V389i737&i chl or onet hane, pre- l1l0adsorbed on silica gel,
and purified(13) colaakercdr dndtOug. Aphsm( t972,c&7,g’i§37,9-1ﬁ>&31.o| eum et her as

el uant) resu(t3)ng BonaYyeTaawlsoliadg, 3. @any, Hy,i Wladg/Z. %ranNgR, OiHC.;:300
MHz, o-DCB-d4) : 6Warfh Y4, W, WE. SuHG.; ¥dh, S:; Warkgl. CJ Hu7\/9 H_a gH); 7.98
(s, 2H); 7 97 (s, 2h; D7 y8Ank toheln oZ iﬁw 29, 1488t 8(89. 1H;72.48 (m 2H);

g %SD'( Wé 243&%@ {&‘6{0 eO Eiw afé# gﬁ?ﬁ?ﬂeg\ggf}l Qi‘fﬁ& rh\az‘j)l A

drred round bottom s .¢h
‘Z@ e & 350 HEW Lieeguy D. M.

phenant hro[ 1, 10, 9, ga 2 glc r

di chl or omet hane ( 3061¥gg gggr 47 tion, N-bronmpsuccimde (2.12 g, 11.9
mol ) 20 is &fled SPBAMfyUidisthFed. WbrAd6ridatern2002 14 437 -48E stirred for 25
mns at 25 C(d trﬂemétm@tosol'K/entl\ﬂ@r@iﬁDvé‘d uMigazakicu¥m WNaeuyarade dr;oduct
is prezbsorded on ¥Wakayarmgel HarthquyrZ .fiHe dNakarootayi; &anbiees oT grasaki,(sil i ca

gel rol eum et h8r; KusbathuKNMacromeldcaiss 1982125 112 1pr IRt as a yel | ow
solid (2 71 9r7gyl e*(drr@?n% TN'VF’eI(rﬂr\“‘ya &QOJM% @1%5386)20015 532@622(211 J =
7.5 He, 8. 42544, =7.9 He,
2H, 4. 73 (”1183”) ' Schiiiter, A. D. J. Polym Scr PartA Po/ym Chem. 2001 39,
1533-1556.
(19)  Bao, Z.; Chan, W. K.; Yu, L. J. Am. Chem. Soc. 1995, 117, 12426-
25 12435,

(20) Mullekom, H. A. M. v.; Vekemans, J. A. J. M.; Havinga, E. E.;
Meijer, E. W. Mater. Sci. Eng., R. 2001, 32, 1-40.

(21) Dennler, G.; Scharber, M. C.; Brabec, C. J. Adv. Mater. 2009, 21,
1323-1338.

(22)  Marzoni, G.; Garbrecht, W. L. Synthesis 1987, 651-653.

30 (23) Towns, C.; Wallace, P.; Allen, |.; Pounds, T.; Murtagh, L., Modified

Suzuki-method for polymerization of aromatic monomers, US
Patent 7,173,103

The invention will now be described in more detail by reference to the
following examples, which are illustrative only and do not limit the scope of
35 the invention.



2.37 (m 2H); 2.11 (m 2H); 1.14 (br, 24H); 0.89 (t, J= 6.9 Hz, 6H)
2,7-Bis(4,4,5,5-tetranethvl -1, 3, 2- dloxaborolan 2-v1)-N-9' -

hept adecwphenzmstsoll, 10, 9, 8-c, d, e, f, qlcarbazol e: 30APATIEPAO10OM2E2 bot t om
flaks was charged with 2,7-dibronn-N—Q .

hept adecyl phenant hro[ 1, 10, 9, 8-c, d, e, f, g] carbazole (1.00 g, 1.51 nmol) and
tetrahydrofuran (15 cnB). The resulting solution was cooled down to - 78 C,
then n-butyllithium (2. 5Min hexanes, 1.24 cnB, 3.10 mml) was added

dr opwi se ov s. The m xture was stirred at -78 C for 1 35hour, then
2- |sopropox?gééﬁggig-tetranethyl 1, 3, 2- di oxaborol ane (0.68 cnB 3.32 mmmol)
was added rapidly to the solution. After an additional 1 hour at - 45 -

-78 C, L he rTlﬁéthng'laemaeeémh%anwﬁémm B8- b@mﬁg}nfmbagcblmait 5,I5d(4$t7(—|rredh
over ni ght . e m.xtur s’ pour i nt ter, extr et her
four times afc2-thiee g\ﬂﬁ%' WSHQI@Z&F?)X\@%&‘S ﬁ’heé)a:{%ﬁ\?gnqevgwgg g@%@gd under
reducesl pressure, and the residue was purified by recrystallisation 5from

i sopropyl al cohol : acetone (ca. 3:1) to obtain-the title product as a yell ow
crystal line solid (0 423 g, Vi ﬁ o R (NA-300 MHz, CDCI3) : 6 8.98
(d, J = 8.2 Hz, 2 . = " 8. 46 (s, oH): 7.86 (t, J =
7.9 Hz, 2H), 4.90 x. 12 (n1 2H); 1.49 (s, 24H), 1.10
(br, 24FD 0.77 5 :

PoIva—9'-heptade , : ,d,e, fglcarbazole-alt-5,5-(4",7" -
di -2-tppenvi.2 —ad) In a dried flask

2, 7- bis(4 4,5, S , X

heptadecylphenanthro 0, 9, 8- c,d, e f, g]carbazole (300 0 ng, 0.3970
15mmol ), 4, 7-di (2" - bi;gffhlen 5' yI) 2.1, 3- benzot hi adi azol e (181.9 ny,

0. 3970 rrrml ), tris(dibganzylideneacet one) di pal | adi un(0) (1.8 ng, 0.0020

nmol ) and tri (o-t@;&l, ph&;phi ne (2.4 ng, 0.0079 mmol) were dissolved in

degassed tol uene (4.0 cnB) and degassed 20% aqueous tetraethyl -amoni um

hydroxige (1.25 cnB). The reaction'm xture was vigorously 20stirred at

100- 105 C for 24 hours The pol yrrer was purlfled by precipitation into
; d

nmet hanol : wat € gg t| ally via Soxhl et
extraction / sxane and chl oroform The

chl orof orm f n’a@ hotsolation eﬁpenydbne)(% @gaBBék mmumm ndioxane 1@ pressure
and preci pi t aked, Bt Dafolrd 8PRafFibo 01BR° Pand hRAL a;goe@% Baf*yger was

filtered and® er vacuum a g{ he |tIe
pr odu%tz 1 (1821.&pdropvdsel B pgsulting solethrwa@/hﬁﬁ a8 LWEBYIGIREP. Amax =
582 nnf'(’sol i dii§ingte} 25286 ik (A HePESHEA@Nd poured into water (4000

cm®). The solid was collected, washed and dried to afford a mixture of 1-
nitroperylene (26 %, GC-MS) and 3-nitroperylene (74 % GC-MS) as a
brick-red powder (29.1 g). The powder is suspended in triethylphosphite
(130 cm3) and methanesulfonic acid (6.1 cm3). The mixture is heated to

200° C overnight and then the solution is cooled down. The excess of
triethylphosphite is removed under vacuum and the product is recovered
after column chromatography (silica gel, toluene as eluent). The product is
further purified by trituration in hot toluene (125 cm?®) to afford the title
product (5.12 g, yield 22 % over two steps). NMR (1H, 300 MHz, Acetone-

ds) 1 8 12.20 (s, 1H); 8.76 (d, J = 7.4 Hz, 2H); 8.18 (d, J = 8.1 Hz, 2H);

7.98 (d, J = 8.7 Hz, 2H); 7.95 (d, J = 8.7 Hz, 2H); 7.83 (t, J = 7.8 Hz, 2H).

25

30

N-9'-Heptadecylphenanthro[1,10,9.8-c.d,e.f.glcarbazole:
A dried three neck flask fitted with an addition funnel was charged with N-
hydro-phenanthro(1 ,10,9,8-c,d,e,f g]carbazole (2.50 g, 9.42 mmol), dimethyl

35



Example 2 30

Pol y[ 2, 7-N-1' - dodecyl -tri decyl phenant hro[ 1, 10,9, 8-c, d, e, f, g] carbazol e-a/t5,
5-(4', 7' -wo-28titismayl-2' , 1', 3' - benzot hi adi azol e)] 2 was PprEpParedo£as2

descri bed below. - 46 - 012H2012F12§4102
N-1' - Dodecvl -tri decvl phenant hrof 1, 10, 9, 8¢, d, e, f, gl carbazole: A dried
three neck flask fitted with an addition funnel vvas charged with N
hydr o- phenanthro[ 1 , 10,9, 8-c,d, e, f,g]carbazole (4.00 g, 15.1 nnDI)

EX TN S%u&%#?%é 57 BHY RN peRP eSS B R B e 2,04 6, 87 4 e
conpl etely ;ZIITB'BQH) v%endhgmhﬁHMroﬂ QQJQe&{oacde;fg}@arpazolleu&aesommtatye (11.8
, 22.6 og.p%; aadj% '
?unnel O\r/ner:) é § oufs at 4 QX‘%?t gqﬁ%fr@%rﬁ%e @@g@ﬁoéaﬁas 2 folo(tjped
into distillBumakiePMSOd 16w )aves added denwise thipughithe asiditionfusaet hr ee
times 8ith dpgh m%bh%nst ﬁ§°@ Aﬁ@rqe%ursT Hﬁe?%&idheﬁae &4 iftpact i ons

were dried over rmagnesi fate and the solvent was renoved under reduced

pressure. Thelsgledwalen &crwa)sartﬁ @?@qudawrcwaéﬁ&r@pm@rew@e&dsorbed

on silica gew;thqmird»eumfetadr xQ@bU’ﬁD mmd?ﬁmh@er@gauuc(fsadtiomm’e 100 0
to 80: 20, pet,r.ol,eum ether: et éi‘lfaf: (i as el resul the tit

product as adg}%ﬁjl Y& BRgNE SN %@V% s M-Ed“(@BCI 3)
6 8.63 (d, Jpressube.tthe Qllti)de ;&oﬂgc('ﬁ#asﬂlsso&eml |sz|ct§?lbquéth&61e( preJ = 8 9 Hz,

ig?_b 7(1)59 ( ?%déﬁpoegwgkég‘gﬁ%@nd gurited BY cditinn éhiSthdtBYraiy (stich el

petroleum ether as eluant) resulting in a yellow solid. (3.75 g, yield 79 %)
NMR ('H, 300 MHz, 0-DCB-d,) : 5 8.66 (d, J = 7.5 Hz, 2H): 8.17 (d, J= 7.9
Hz, 2H); 7.98 (s, 2H); 7.97 (s, 2H); 7.87 (t, /= 7.7 Hz, 2H), 4.88 (m, 1H);
2.48 (m, 2H); 2.15 (m, 2H); 1.24 (br, 24H); 0.89 (t, J = 6.9 Hz, 6H).

15
2,7-Dibromo-N-9'-heptadecylphenanthro[1,10,9.8-c,d.e.f.g]carbazole:
A dried round bottom flask was charged with N-9’-heptadecyl-
phenanthro[1,10,9,8-c,d,e,f,g]carbazole (3.00 g, 5.96 mmol) and dichloro-
methane (300 cm3). To this solution, N-bromosuccimide (2.12 g,11.9 mmol)

20 is added slowly in three portions. The solution was stirred for 25 mins at 25
°C and then the solvent removed under vacuum. The crude product is pre-
absorded on silica gel and purified by column chromato-graphy (silica gel,
petroleum ether as eluent) to afford the title product as a yellow solid (2.71
g, yield 69 %). NMR (*H, 300 MHz, 0-DCB-d,) : 5 8.66 (d, J = 7.5 Hz, 2H);

25 8.42 (d, J= 8.2 Hz, 2H); 8.39 (s, 2H); 7.92 (t, J= 7.9 Hz, 2H), 4.73 (m, 1H);
2.37 (m, 2H); 2.11 (m, 2H); 1.14 (br, 24H); 0.89 (t, J = 6.9 Hz, 6H).

2,7-Bis(4,4,5,5-tetramethyl-1.3,2-dioxaborolan-2-yl)-N-9'-
heptadecylphenanthro[1,10,9,8-c.d.e.f.glcarbazole:

30 A dried round bottom flaks was charged with 2,7-dibromo-N-9'-
heptadecylphenanthro[1,10,9,8-c,d,e,f,g]carbazole (1.00 g, 1.51 mmol)
and tetrahydrofuran (15 cm®). The resulting solution was cooled down to -
78 °C, then n-butyllithium (2.5M in hexanes, 1.24 cm®, 3.10 mmol) was
added dropwise over 10 mins. The mixture was stirred at —78 °C for 1

35 hour, then 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (0.68 cm’
3.32 mmol) was added rapidly to the solution. After an additional 1 hour at




30

2, 7-Di bronmo-N-1' - dodecyl -tri decvl phenant hrof 1, 10, 9, 8-c, d, e, f, gqlcar bazol e:

A dried rwondiimastsem fl ask was charged with PCT/EP2010/004262

N 1' - dodecyl -t ri decyl phenant hro[ 1, 10, 9, g c,d, e, f,Marbazole (2.60 g, 4.22
mol ) and di chl or onet hane (210 an) h| s solution, N-bronosuccimde
(1.50 g, 358.44 mmol ) was added sIovrAy The solution was stirred for 35

m nutes at 25 C and then the solvent was renmoved under vacuum The crude -

- d b d d
chr onbt ogr apr(e (&1 TSy puftled i fieo BlGoRIIEmp SRRl Bited i 1 .
grgdggt Ss aoyarnight Sloé mix(&e%asgpogmedl idtcowatar, extkaetéd WithadiethyHetheEDCl 3)
. ,J
o 5( 3 gfqr_.fzrzm'%%kgnqlagéd(o%e?%nl_é&\efi% s%rf%t%hezg&wﬁ Was Eﬁ;\ogggi ] 47 86
40H); 0. 84 (underredeced ipresame, and the residue was purified by recryst lisation
2, 7-Big(4, 4, g @%beoﬁiﬁb%ﬁ% el ( eéam?)% gatﬁnwémré [)dira@%e tridecvlph

enanthrofl 1 Bazol 6. y dried rnound bottom flaks was
charged wi t hyellow grystalire sohd (Qréaédyrweld 37 %). NMR ('H, 300 MHz, CDCl3) :

tridecyl phengrg éji@@rﬁz o+H; 8.68 @, gafbeszquezre)?zme ggml y and

Lhen . butyl FO*kiga e 5L 13, 2 E#ré??@“’%mﬁﬁr'% évégwﬁdégd' e

t hen n- butyIF
dropwi se oven 100(bwi 24H); ThE7 i(f, ¥t-1667 MWas6Md).irred at -78 C for 1 15 hour, then
2- isopri@poxy 4,4,5,5-tetranmet hyl-1, 3, 2-di oxaborol ane (1.16 cnB8 5.69 nmol)

was added rapi dIy to the solution. After an additional 1 hour at '-78 C, the

resul ting mi RolylN-vdepiedenytbhienantiie L Aeatbazol di-ght. The

m xture was gEskgEnLIMOr WaLERy did 5|§1wrth d| et hyl et her four t| mes and
dried over nagn‘esr‘u%rs&‘%‘@% renpved 20under reduced
pressure, anth @Kaeddiasliugd. inbis($dr3. 5rt§t!la'5‘)¢t@611u$rﬁ daxapRIOBE ayyV(%i 1 i ca
gel, 95:5 tondptadecy! ﬁéhahwame’r@grs dlocélb’gldai@éitﬂé%@@ Ohngjlequevoet hyl ani ne

R e BB DAL T . 12

(d, J = 7.5 biBz97@Hhmad), %(ﬁmenawrdeﬂe%tcﬁme)dq:anému?n 9) Hz.8 rag) 0.00290 (m
1H): 2.42 (M, 268 and: &r%o(tglyr)ﬁh'%spﬂmé?zQsmgz6'?9079%ﬂn%|)(\9ére gahived-id7 (t. JI=

6.7 Hz, 6H).
degassed toluene (4.0 cm )and degassed 20% aqueous tetraethyl-

ammonium hydroxide (1.25 cm3). The reaction mixture was vigorously

20 stirred at 100-105 °C for 24 hours. The polymer was purified by
precipitation into methanol:water (10:1), filtered and washed sequentially
via Soxhlet extraction with acetone, petroleum ether, cyclohexane and
chloroform. The chloroform fraction was reduced to a smaller volume under
reduced pressure and precipitated into methanol (500 cm®). The

25 precipitated polymer was filtered and dried under vacuum at 25 °C over
night to afford the title product 1 (192 mg, yield 60 %). M, = 6,100 g/mol,
Mw = 12,300 g/mol. Amax = 582 nm (solid state), 550 nm (chlorobenzene).

Example 2
30

Poly[2,7-N-1'-dodecyl-tridecylphenanthro[1,10,9,8-c,d,e,f,g]carbazole-alt-
5,5-(4',7'-di-2-thienyl-2',1',3"-benzothiadiazole)] 2 was prepared as
described below:

35



Pol vE2, 7- N-1' - dodecyl -t ri decyl phenant hrof 1, 10, 9, 8-c, d, e, f, qlcar bazol e-a/ t 5,
5-(4', 7' -di-2-thienvl-2',1", 3 -benzothiadiazole)l 2: 30In a dried fl ask,

2, 7- bi s( 4y 2811518mr anet hy1- 1, 3, 2- di oxabor ol an- 2- y1) - N- PCT/EP2010/004262

dodecyl -tri decyl phenant hro[ 1, 10,9, 8-c, d %,f,g]carbazole (607.5 ng, 0.7000
ol ) , 4,7-di(2'-bronDthien-S'-yI)-2,1:5-5énzothiadiazole (320.8 ng, 0.7000
mml ), tris(dibenzylideneacetone)dipalladium0) (3.2 ng, 0.0035 mml) and
tri(o-tolyl)phosphine (4.3 ng, 0.0140 mmol) were dissolved in 35degassed
toluene (7.0 cnB) and degassed 20% aqueous te \gethyl- anmoni um hydr oxi de
(2.2 cnB). The reaction mixture was ¥ lrrned -48 - at 100-105 C
for 24 hours. The Jol yner ' kpi tAtion into nethanol : water

(10: 1), filtered agxhlet extraction with

acetone, petrole hl orof orm The chl orof orm

fracti on was reduged Y/ STTR ume-under reduced 5pressure and

preci pbt at ed *<€ i @ . The precipitated polynmer was filtered

and dried under vacu{m at ight to afford the title product 2 (365

ng, yield 57 %9. M =X5,800 g/nmol, Mwv = 12,000 g/nol. Amax = 588 nm (solid

state), 557 nm (chl oroffenzene). 10Example 3

Pol y[ 2, 7- N-oct yl phenantglorof[ 1, 10, 9, 8-c, d, e, f, g] carbazol e-alt-5,5-(4",7" -di -2
zot

- thienyl-2',1, 3'C, gdj.azol e)] 3 was prepared as descri bed bel ow
N

10 2
N-1'-Dodecyl-tridecylphenanthro[1,10,9,8-c,d.e f,g]carbazole:

A dried three neck flask fitted with an addition funnel was charged with N-
hydro-phenanthro[1,10,9,8-c,d,e,f glcarbazole (4.00 g, 15.1 mmol),

15 dimethyl sulfoxide (36 cm®) and freshly powdered potassium hydroxide
(2.64 g, 47.1 mmol). When the phenanthro[1,10,9,8-c,d,e.f,g]carbazole
was completely dissolved, a solution of 9-heptadecane p-toluenesulfonate
(11.8 g, 22.6 mmol) in DMSO (24 cm3) was added dropwise through the
addition funnel over 2.5 hours at 45 °C. After 18 hours, the reaction was

20 poured into distilled water (200 cm3) and the aqueous layer was extracted
three times with dichloromethane (3 x 250 cm®). The combined organic
fractions were dried over magnesium suifate and the solvent was removed
under reduced pressure. The crude product was dissolved in
dichloromethane, pre-adsorbed on silica gel, and purified by column

25 chromatography (silica gel, 100:0 to 80:20, petroleum ether:ethyl acetate

as eluent) resulting the title product as a yellow solid (3.01 g, yield 32 %).

NMR ('H, 300 MHz, CDCls) : 5 8.63 (d, J = 7.5 Hz, 2H); 8.09 (d, J = 8.0

Hz, 2H); 7.86 (d, J = 8.9 Hz, 2H); 7.79 (m, 4H); 4.70 (m, 1H); 2.32 (m, 2H);

2.00 (m, 2H); 1.17 (br, 40H); 0.84 (t, J = 6.8 Hz, 6H).

30 2.7-Dibromo-N-1'-dodecyl-tridecylphenanthro[1,10,9,8-c.d.e,f.glcarbazole:
A dried round bottom flask was charged with N-1'-dodecyl-tridecyl-
phenanthro[1,10,9,8-c,d,e,f,glcarbazole (2.60 g, 4.22 mmol) and
dichloromethane (210 cm3). To this solution, N-bromosuccimide (1.50 g,

35 8.44 mmol) was added slowly. The solution was stirred for 35 minutes at

25 °C and then the solvent was removed under vacuum. The crude



| C8H17 3 25N-Cctyl phenanthro[l ,10,9,8-c,d,e,f, glcarbazole: A dried
flask fitted wwth a condenser was charged with

N- hydr ophwoantinef4d, 10, 9, 8-c, d, e, f, g] carbazol e (3.50 g, pt3/EP20m0Db4262

br omooctane (2.51 cnB, 14.5 mmol ), tet ra?utyl ammoni um brom de (0.213 g,

0. 660 nmmol ), freshly powdered sodi um hydroxide (1.055 g, 26.4 mmol) and
30acetone (130 cnB). The resulting solution was reflux for 4 hours and then
poured into distilled water (100 cnB). The resulting solution was extracted

i th dichl 200 ' ' t

dri ed over iRt WastoierafebtaRd A el eE o Cat REIRALAESRIRGC, oduced
pressure. Thehmmmtegpapjmmhoaagaeldpetroleugdetherdiso’:ﬂhemta)m@ah‘ardathe tltle. .

gol - o5 5t o PERFUBLES o FRIE sl €%, o5! ¢ dicl Sty L RSO G cl) ! c2
recrystallize@8. 63@,-J Fnt-8 higet2khih 81 34t J['OBL?GH@ 283818, 2 )ith86{k ¢/l e
grgdggs( gs §—gﬁb'wz¢ﬂl uck%sén% %9228 }ﬁi @rgSz"@z (Znﬁ\lWl)gﬂam ?1904M=|2} 8C8DC:4§)
2H): 7.81 (dOSﬁQé gﬁﬂzHZzﬁrhj) . 79 (d, J=7.8 Hz, 2H); 4.72 (t, J= 8.8 he,
2H); 2.10 (m 2H); 1.36 5(br, 4H) 122(br 6H): 0.83 (t, J = 6.8 Hz, 3H).
ﬁ t7t Di b][ Fm)k h Arg ; \ o l_A dried round
ottom f | ask<wi 3

c,d, e f,qg] catrbn*zwlme(n%nﬂﬁrom 10 %cmfmlf)q]eardbadolehl or orret hane (320 cnB). 10To

this S‘?bUt ! Oﬂ\ %CPF Wﬂ&t&{ﬂ‘f@%s(ﬁagéhgrggﬁéw?h h?orm _afefbgalom y. The

sol uti on was |rre oured Tnto’distilled

wat er (200 ctrsx)ecyfnﬁ@na@wpﬂ hg. S8iod, edrg]c»@rsbaészleaa&(ég E\A&% ngmehl afdnet hane
(2 x 100 Crfﬁiehra r&mm &g@icm‘-‘pamérésmmg wﬁt.wmsctrdo@éid B%Rin tERggesi um
sulfate and t S renoy d
then n butylhthlum (2.5M In hexanes, 2.12 cm®, 5.30 mmol) was
added dropwise over 10 mins. The mixture was stirred at —78 °C for 1
15 hour, then 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (1.16 cm’®

5.69 mmol) was added rapidly to the solution. After an additional 1 hour at

—78 °C, the resulting mixture was warmed to room temperature and stirred

overnight. The mixture was poured into water, extracted with diethyl ether

four times and dried over magnesium sulfate. The solvent was removed

20 under reduced pressure, and the residue was purified by column
chromatography (silica gel, 95:5 to 75:25, petroleum ether:dichloro-
methane with 1 % triethylamine as eluent) to obtain the title product as a
yellow crystalline solid (1.125 g, yield 50 %). NMR (*H, 300 MHz, CDCl) :
58.98 (d, J = 8.2 Hz, 2H); 8.68 (d, J = 7.5 Hz, 2H); 8.46 (s, 2H); 7.86 (t, J

25 =7.9 Hz, 2H), 4.90 (m, 1H); 2.42 (m, 2H); 2.12 (m, 2H); 1.49 (s, 24H),
1.10 (br, 24H); 0.77 (t, J = 6.7 Hz, 6H).

Poly[2,7-N-1'-dodecyl-tridecylphenanthro[1,10,9.8-c.d,e.f. glcarbazole-alt-
5,5-(4',7'-di-2-thienyl-2' 1' 3"-benzothiadiazole)] 2:

30 In a dried flask, 2,7-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yt)-N-1'-
dodecyl-tridecylphenanthrof1,10,9,8-c,d,e,f,g]carbazole (607.5 mg, 0.7000
mmol), 4,7-di(2"-bromothien-5'-yl)-2,1,3-benzothiadiazole (320.8 mg,

~ 0.7000 mmol), tris(dibenzylideneacetone)dipalladium(0) (3.2 mg, 0.0035
mmol) and tri(o-tolyl)phosphine (4.3 mg, 0.0140 mmol) were dissolved in

35 degassed toluene (7.0 cm®) and degassed 20% aqueous tetraethyl-
ammonium hydroxide (2.2 cm®). The reaction mixture was vigorously stirred




15reduced pressure. The resulting oil was dissolved into a m ninal

di chl or onet hane vol une and precipitate into nethanol (300 cnB) to afford
the titl ewprotuuasisas a yellow solid after filtration (2P83/Ep201pioed2d2 83 99 .
NVMR (1H, 300 MHz, CDCI3) : 6 8.56 (d J4- 7.5 Hz, 2H); 8.27 (d, J = 8.3 Hz,
2H); 7.96 (s, 2H); 7.84 (t, J = 7. § 445(t, J =7.0 Hz, 2H); 1.98
(m 2H); 201.31 (br, 4H); 122(br 6H) 083(t, J= 6.8 Hz, 3H).
2,7-Bis(4,4,5,5-tetranmet hvl-1, 3, 2-di oxabor ol an- 2-v1) - Noct vl phenanthrofl, 10,

2! 7t by ono. 81 T80 Cor 24 G TAE WA 8L WAT UKD RO ERREEA b, 5 7,
mol ) and temeamzmlmajeamq 3y fidemd andevasked| sequendiallyiviacBoxtaet cool ed down
to -78 C t h@ﬂrébt#?}f‘ltmtlh ‘aEQde@ ?)%II[léMdrﬁ eﬂ?é‘raegglohéxgﬁe Sﬂg’chyorgg @n?lh)e Was

added dr opwi se over
hour, then ¢k 9tquﬁpésa¢ilanma§ reduseddma sipaller wolume widaigedrane (1. 68 cnB

308. 225l )pm@,guaﬂdﬁd prr@@pnléﬂédnﬁtotm@tﬁé?ﬂdﬁ(s@@cn@stme precisiedtegonal 1 hour
at -78 C, the resultin tenperat'ﬁrtg_ d stirred
[

over ni ght . TRRVRSEMASTIGTEN A0 GAE HOGeUARI & BPeis BYETmIG (@PBOR) ot her
four times athe titld prodoictR (868 meg, yieldsBi ¥at M, Tb80DogmeiIt was renoved under

duced th d | ized t
35met hanol ot iEun IR e Tk BEEAE S5 ERGbPER R Blact as a
yellow crystalline solid (1.044 g, yield 44%. NWR (1H, 300 MHz, CDCl 3) :
- 50 -106 8. = 8.2 Hz, 2H); 8.69 d,J=7.4Hz,2;8.47 , 2H);
7.87 (;IOJ:%‘%ZI—D, 4.78({_?\]:7.(()Hz, 2H) ; 2.13(2 2H) ; 1.(20(2?
24H); 1.39 (br, 4H); 1.25 (br, 6H); 0.85 (t, J = 6.8 Hz, 3H).
SPol vf 2, 7- N‘Pé%/ Phﬂ’%ﬂﬂ éﬁélntF}R)91@98%64,#?&]%?6%@5&'5351(457%-(24 7' -di -

2- thlenvl zot hi adi.azo r|e

2, 7-bi s(4, 4, @'@Vﬂit A areRenzot maélazplﬁﬁﬁim Bfeaﬁ"%g #8) %E'P‘iﬂ* beYant hr of 1, 10,
9,8-c,d, e, f,g]carbazole (500.0 ng, 0.7943 mmol),

4, 7- d|§g bronnthien-S'-yI)-2,1,3-benzothiadi, ole (567.7 ng, 0.7943
10nmol i [ i : [ 3.6 ng, 0.0040 nmol),

20

25  N-Octylphenanthro[1,10.9.8-c.d.e.f.glcarbazole:
A dried flask fitted with a condenser was charged with N-hydro-
phenanthro[1,10,9,8-c,d,e,f g]carbazole (3.50 g, 13.2 mmol), bromooctane
(2.51 cm®, 14.5 mmol), tetrabutylammonium bromide (0.213 g, 0.660
mmol), freshly powdered sodium hydroxide (1.055 g, 26.4 mmol) and

30 acetone (130 cm3). The resulting solution was reflux for 4 hours and then
poured into distilled water (100 cm®). The resulting solution was extracted
with dichloromethane (3 x 200 cm3). The combined organic fractions were
dried over magnesium sulfate and the solvent was removed under
reduced pressure. The crude product was dissolved in dichloromethane,

35 pre-adsorbed on silica gel, purified by column chromatography (silica gel,
95:5 to 90:10, petroleum ether:ethyl acetate as eluent) and recrystallized




tri(o-tolyl)phosphine (4.9 ng, 0.0160 mmol) and Aliquat 336 (50 ng) were

di ssol ved in degassed toluene (8.0 cnB) and degassed 2.0 M agueous

pot assi urwoapbgnare (3.2 cnB). The reaction m xture wasPCTFFRO0NHD426%t 1 rred
at 100-105 C for 24 hours. The polyner_%gq purified by 15precipitation into
met hanol : water (10:1), filtered and wash&d sequentially via Soxhl et
extraction with acetone, petroleumether and chloroform The chl orof orm
fraction was reduced to a smaller volunme under reduced pressure and

Bnd dri ed anity MBE0RF SR yeioehe ECting (G A BlodbBes BYSIERL s . ' 5O
(674 ny, vi e(ZjBQQ yield MB %). M0 Hy/300| MHRWCD GB), 098.6F (bl = Anmklz= 563 nm

lid stat | 5
SRR S e g T D Ol A

c,d e f,qg] ca?Bé.z?ﬂ@ (8 ¢ 757 & Hg, 2H)r4 €8 (toJ 718 8z 2H); 2.18: mﬁ)@hﬁoi ﬁﬁadl azol e)

] 4 wa5 prep(;grequg goast bPgdo Bsl(pw =Bls Hedg H’; 5-di net hoxvbenzene: A dried
round bottom flaks was charged with 1-bronp-3,5-di net hoxybenzene (15.0 g,

69.1 mmol ) and dry tetrahydrofuran (275 cnB). The resulting solution was
cool ed down PF-Ditfofao- l\h@étyl@hbnbMiHrbmh‘in]&éo@elﬂbidarbez@ées 29.0 cnB, 72.6

CTor 1 hour ™ st folns bolB ek aas e aidga Wit B-Einfefahiport. 1007 2 -7
t et rahydr of ucahe,(glcarb8ioled2. 48dgieti 36 apmndl)y and dictdosmhethaoe. (320tcer” )an
addi ti gpal 1TB His &ﬁut:c{?ﬁ Neordme ?&ﬁ%&é %2@‘@2‘2&@%@@&‘9@55’@8’?&@&

t enper at ur e an Stirre overnlg sat urat ed
sodi um t hi ostihe golutiosl was stireddor @a®yinutestatah &d apdithenpausedyntoet her f our

times and dr di%@lllé&’Wat@’rB%@@%rH | $Hefraé@tind %Iu‘i@nv\ﬁé‘é e%écfe%‘Wifﬁ’d under
esidue wa stallized fromrrethanol to

reduced pres recr

obtain the ta{CF‘E’Bm@%‘?e faéxé]qgl‘ﬁme) ih R{I?'Pﬁé ogganig fraciops yvergi el d 71 9.
NVR (1H, 300d%ﬂov§Dﬁla’@neswﬁn@u85te(:§hd ﬂwe—scﬂvénﬂ'ﬁ’/aszéﬁlovéd%d(e"r J = 2.3 He,
1H); 3 6 (s r.ound bottom fl aks

b
wnt’ chiged tdioed ABasus R THSTRGR A Bissop@d bl 8 BRSO ) O
di chl or onet hdichlord@@tiars vollihes aed prédipitate into methanol (300 cm®) to afford

the title product as a yellow solid after filtration (2.83 g, yield 83 %). NMR

('H, 300 MHz, CDCls) : 8 8.56 (d, J = 7.5 Hz, 2H); 8.27 (d, J = 8.3 Hz, 2H);

7.96 (s, 2H); 7.84 (t, J=7.9 Hz, 2H), 4.45 (t, J= 7.0 Hz, 2H); 1.98 (m, 2H);
20 1.31 (br, 4H); 1.22 (br, 6H); 0.83 (t, J = 6.8 Hz, 3H).

2,7-Bis(4.4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-N-
octylphenanthro[1,10,9,8-c,d,e.f.glcarbazole:
A dried round bottom flaks was charged with 2,7-dibromo-N-

25 octylphenanthro{1,10,9,8-c,d,e,f,g]carbazole (2.00 g, 3.74 mmol) and
tetrahydrofuran (37 cm®). The resulting solution was cooled down to -78
°C, then n-butyllithium (2.5M in hexanes, 3.06 cm3, 7.66 mmol) was
added dropwise over 10 minutes. The mixture was stirred at —78 °C for 1
hour, then 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (1.68 cm

30 8.22 mmol) was added rapidly to the solution. After an additional 1 hour at
—78 °C, the resulting mixture was warmed to room temperature and stirred
overnight. The mixture was poured into water, extracted with diethyl ether
four times and dried over magnesium sulfate. The solvent was removed
under reduced pressure, and the residue was recrystallized two times in a

35 methanol and acetone solution (ca. 3:1) to obtain the title product as a
yellow crystalline solid (1.044 g, yield 44 %). NMR ('H, 300 MHz, CDCl,) :

3



solution was cooled dowmn to -78 C, then boron tribromde (19.8 cn8, 25205
nmol ) was added dropw se over 15 mnutes. The m xture was stirred at -78 C
for 2 houwe,20ud8tdhen the resulting m xture was war med POTEFR2@0AMR6BtI rred.
After 18 hours, nethanol (40 cnB) and dF ute hydrochl oric acid (110 cnB)
wer e added very slowy and the aqueous [ayer washed three tinmes with

di chl oronet hane and then the aqueous | ayer was extracted three 30tinmes with
di ethyl ether. The conbined diethyl ether fractions were dried over

Tagnesi um sulfgbg éanyl—tm L1906 Ay (LIS a?cwcgq g? Ere to

obtain the tit roduct _as 'a col our whi ¢ ‘Dé% into a
white solid E1779¢1%,2H) 4178 61J 5 7.0MR 3Hk2. 133)(]“1\2’2' ); 1639. 58 (s,
2H); 6.58 (d(brJZHS; 1.284br BH); B82 {t, (/L,633=HZ dnfe,

1-1 odo- 3, 5- bIS oct vl oxv- benzene: - Adried flask fltted with a

condenser was charged wi th 5-i odo- benzene- 1,3-diol (10.1 g, 42.8 mmol),
br omoo&t ane  PBYS 7cNSoctABhEnaMbIR[1, 100 B58idueY, gRabisaiadie alt2956447'-idz- ol )

and acet oni till | e |(i7!0gclm_§')‘i tTl he,. r e l'3l ng solution was reflux for 18 hours

and then pou t M&Qj‘aﬁ—@oo cnB). The resulting solution was

extracted w lmaphedcﬂaaknﬂeﬁ-ba@% S-tetamatiyl-1 3,Iied|oaabonmw1-ﬁ|¢3g)am-

fractions vve n em)ved
bRl TELBSL I b ARG oR G0 SRR YAl s Hifof

under reduce essure Y omet hane,

pr e- adsor bed4 n<r152 Heresnafbien-pyl)- 211e31-b§§ﬂ2@61l@mﬂ2@ﬁr(5ﬁit7d@ga§kﬂﬂ"(%| lica gel,
98:2, petrol ﬁ#ﬂbl}Ol?i%(tﬁbe#ﬁﬁiﬂbnéﬁ@ét%h@%cﬂﬁaﬁ‘édi@rﬂwg) (t3CB Hg(%'OdO@m rﬁrhbl)e pr OdUCt

| | | :
2563 (3 °4"LERS 10hhetpting. G ot 0 1E0mpnlh and fyiatiat 946 (50 Mol e 1
T;)N- 31 24 I(BWmséb’{'veldhn%ﬁ(abBed%ﬁJené (89 cl‘,r’lﬁi3 yankbddgadsedR.0tM abucous :'|Z 6;')-
i s(pctvlo en ena 0 car bazol e:
Bied sk PPERSH ORI 8 2ER the f@ﬁa&a@aﬂm%was Vigardtsh
N- hydr ophenastifnedat 100; ’9153°(E far, ’B} hgymaﬂﬂl‘@zpnlwnenm purified. By nmol ) ,

551 99013, & Biespkibhis RERENG el BB Fhofod BRU lodBUASRUMERE Donat o

g, 201.70 mrma)ngmetLeﬁr@ntmwrﬂb@@ﬂm@ep@m;ems;her ¢fdetafermgTBel ut i on

was ref | ux femoﬂ&ohﬁtfra%t@wé@%u&%r@% smaqerlvcwuméiﬂmé}lr%ue gci d (200
cnB). The resul tlgeg sol ution was ex ororrethaﬁg (3 x 250

cmB). The coRISSTHEE 8Rg ﬁ?%'pftﬁtﬁﬁ'ﬂ%@ea@}@ d??é&”b»)/eT herREgesEal

polymer was filtered and dried under vacuum at 25 °C overnight to afford
20 the title product 3 (674 mg, yield 91 %). M, = 12,500 g/mol,
M., = 30,000 g/mol. Amax = 563 nm (solid state), 536 nm (chlorobenzene).

Example 4

25

30

35 3



sul fate and the solvent was renoved under reduced pressure. The crude
25product was dissol ved in dichl oronethane, pre-adsorbed on silica gel,
purified wo 2nolusr4chr omat ography (silica gel, 80:20, peCTaEPeANI004262

et her: di chl oronet hane as eluent). The rg uItlng product was dissolved into
a small tetrahydrofuran volune and prec Eltate i n methanol resulting in the
title product as a yellow solid (4 02 g, yield 39 @@ NVR (1H, 300 30IVHz,
CDCl 3) 6 8. 63 (d, J = 7.5 Hz, 8.10 (d, J = 8.0 Hz, 2H); 7.99 (d, J

8.9 Hz, : 78H22;7.00 d, J
= 2.2 Hz Hf°‘ 3%‘5(5”'3}%’ P'sﬁ"‘g‘ygﬁi}’pﬁ%' phz?%é‘%m["lﬂoh &6 He, ZDI-D; 1.85((m
4H); 1. 51 (bcdé]ﬂpjcatbamlekalt-S 6L, 7'-@i-82hienyl-2', f%@nmthlmZole)M

352, 7-Di bro”%éﬁ'ﬁepérecpéééegér};é&i(g& g\pvl ) phenant hr on, 10, 9, 8-

c,d, e, fglcarbaz round bottom flask was charged with
N3, 5- bi s(octyl oxyphenyl ) phenant hro[ 1, 10,9, 8-c,d, e, f,g]carbazole (3.80 g,

6. 36 ngol ) agqogb@gq&%@ﬁgngm cnB). To this sol ution, N-
br onosucci m e solution was

eIy og o Acdiad FuraLbalom SRES sas ShRrACaau it b AT BEslimaiRKmt or ( 200
cnB). The sobehiéfe (&0, 6 Ednirdl) 540 dwwtmycﬁbﬂﬁén wdmt“)wermet he sol vent

bur 11 ed by ESAUAE Sk B et SHhiBd BORR 037 o, B Sl da  ffn® 2"
et ge;redi gm)lohen?nésa,m s, [Eh6 mmol) v:mad&emurmmﬂelmtao1m0nmutwydlr lo;\tljvr an
Sol : ?9 Tﬁg%ﬂ&fﬂ&@g%%vﬁe%f% th 5 gIf, e P66 agT08 808! °L ,
Hz, 8. 252( mrgolxiredry terahpdiofurani(@sam”) 2v9s agded rqpidlytothg. 9 Hz, 2H),

? gg E?n jl_i)‘sgiu%oh'zAgé’l"%nlgi)@dﬁ%Tai 1hourt 2hig. °C1|f9|e rés@ﬁ}d knixtdre a8 EZH) 4';)5;

2, 7- Bi s( 2- t hingwner. twgowstenm%re%@mslx%wgme}rﬁmaﬁa%mjftyrqwa@ 8- c.d e f,
g] car bazol e: goe\réﬂ in€sl s aRIaR dsYdiegm thicsslfatel §o|m|¢ﬂn(zoo:@ma)emacms~mar ged

wth 2 g di B%r)l/)l e'\her fourtlmes(é)r% Xlngé %Bgre n?élg)n%gFurﬁq%nét%[ Jl'he so?\lent
was removed under reduced pressure, and the residue was recrystallized
from methanol to obtain the title product as a white crystalline solid
(13.0 g, yield 71 %). NMR (*H, 300 MHz, CDCls) : 5 6.85 (d, J = 2.3 Hz,
2H); 6.40 (t, J = 2.3 Hz, 1H); 3.76 (s, 6H).

20
5-lodobenzene-1,3-diol:

A dried round bottom flaks was charged with 1-iodo-3,5-dimethoxy-benzene
(21.7 g, 82.1 mmol) and dry dichloromethane (400 cm3). The resulting
solution was cooled down to -78 °C, then boron tribromide (19.8 cm?,

25 205 mmol) was added dropwise over 15 minutes. The mixture was stirred at
—-78 °C for 2 hours, and then the resulting mixture was warmed to 25 °C
and stirred. After 18 hours, methanol (40 cm?) and dilute hydrochloric acid
(110 cm®) were added very slowly and the aqueous layer washed three
times with dichloromethane and then the aqueous layer was extracted three

30 times with diethyl ether. The combined diethyl ether fractions were dried
over magnesium sulfate and the solvent was removed under reduced
pressure to obtain the title product as a colourless oil which crystallized into
a white solid (17.6 g, yield 91 %). NMR (*H, 300 MHz, DMSO-dg) : 5 9.58
(s, 2H); 6.58 (d, J = 2.1 Hz, 2H); 6.21 (t, J = 2.1 Hz, 1H).

35
1-lodo-3,5-bis-octyloxy-benzene:




20c, d, e,fg] carbazole (4.10 g, 5.42 mmol), 2-(tributylstannyl)thi ophene
(3.88 cnB, 12.2 mmol ), dichlorobis(triphenyl phosphine)-palladiunm(ll) (0.076
g, 0.109 wonbji/asd4degassed tol uene (55 cnB). The sol ut iPom/BrRa®I0Sd4262 ed at
reflux for 18 hours and then cold down he reaction mxture was filtered
over silica and eluted with petrol eum e§ er. The sol vent was renoved
25under vacuum and the recovered solid triturated two tinmes in nethanol.
The crude product was recrystallized into petroleumether twice to afford

Dar3) - o e R W derlsEr ﬂv%sgcaa%@&% i3 @do—t@éfg% ST
2H) 7.85 (t1,3Hdiel (1091 g|z423—mmd|)430mqoctaﬂ)e (1. @s t 899 m , 2H) 6.88
1 84J(r_n 325030t§@%5%arb@na¥ ?19 gé Zb% %H@%Qﬁ'& a%%to?ﬁnlﬁat(_@ cgng GFHéZ 4H) ;

2, 7- Bi s( 5- briessitingsaletian wasreflux farsi &hewsansdihendraured am{swlasifl 10, 9, 8-

<2: g gl‘i gl( ga[\ﬁ?tg?l(goo c?n‘?j\ e UMY SolR8bh wasféﬂﬁé@twwnﬁ@étﬁﬂéum éther

5'
bi s(oct yl oxy@ﬁégép ényf'ﬁ ﬁPB'[bl”QQJOEQ%"%ﬁaCtéOW%‘]V@é? gasdiovef1.50 g, - 54 -
(109;1gfml )4%@ ﬁlé§|hhoé@lrméfametﬂe2£&vw @vtByas femoved uﬁaéuﬁed@?edwrégimeugz i m de

sol uti on was stirred for

hour s a? 25 %‘%ﬁﬁd%@ﬁ&ﬁ\”@& q'ﬁ%‘ﬁv%‘?m%}fﬁ@(ﬁo ir@ne( PEorads8ILedRR '+ esul ti ng
sol uti onf wassiked gek peadfied bly ailuinhahoomatagraply (silice0gel; 88)2, @Tltwewnnbi ned
emaverl undcrnEESIIERBfe 8 dhy REGRAP IR IRt ab BociBuioet sdfP, |
Limes with po7rbOekielbbRsh). ORIOH, B0 0Has BIb) ¢ eb B2((Fe) prddUtt, as a

N d 0 8.70 (d,
3J/e: <7)W5C|f43215t2’1ﬁ§ e(éfsgtOJgs 2¥ Ak 1ﬁ§ %8%4%% H3! @HbVHZ74 l43);) 1.49 8.70_ (7 .

(

Hz, 2H); 7. 2@%@">J129%bf71ﬁ£') 313)9 tﬂ:rﬁ%éﬁzﬁ 3.7 Hz 2H) 6. 95 (d, J= 2.2
Hz,2H);656(tJ:22Hz 1H) 406(tJ:66Hz 4H) ; 186(m4H);
1.50 ( 4H) .., 1. , C

Pol vi 21 N- 34 : :
15c, d, e, f, gIAainlealzﬂHsdx faietd-\ﬁltlﬁarccomdeﬁsedwaz cthalr@enl Iwih Nh‘ydﬁb- benzot hi adi azol

> 7-bi s(5- oottt 10,8 8ig e aloproagls (450 9,17,0 oD, T-odo-35-
phenant hr o[ 1b|§@o@ylexstbanéeme (UEBr DR mmgéopcetaﬁgunocm@eatﬁw@ 934, 7-
bi s- (4, 4,5, 5219%?}{8?} %préﬂ &Nabﬂéme@ rqlﬂﬁm%wn )Tdas.rm{é (@.4alg §i adi azol e

e, 80031 o and 4.4-BicpoToRER IS gl s ad'u bhg >

was reflux for 48 hours and then poured into 1 N hydrochlorlc acud (200
cm®). The resulting solution was extracted with dichloromethane (3 x
250 cm3). The combined organic fractions were dried over magnesium
sulfate and the solvent was removed under reduced pressure. The crude
25 product was dissolved in dichloromethane, pre-adsorbed on silica gel,
purified by column chromatography (silica gel, 80:20, petroleum
ether:dichloromethane as eluent). The resulting product was dissolved
into a small tetrahydrofuran volume and precipitate in methanol resulting
in the title product as a yellow solid (4.02 g, yield 39 %). NMR ('H, 300
30 MHz, CDCl3) : 5 8.63 (d, J=7.5 Hz, 2H); 8.10 (d, J = 8.0 Hz, 2H); 7.99 (d,
J=8.9Hz, 2H); 7.91 (d, J=8.9 Hz, 2H); 7.81 (t, J = 7.8 Hz, 2H); 7.00 (d, J
= 2.2 Hz, 2H); 6.55 (t, J = 2.2Hz, 1H); 4.06 (t, J = 6.6 Hz, 4H); 1.85 (m,
4H); 1.51 (br, 4H); 1.30 (br, 16H); 0.89 (t, J = 6.9 Hz, 6H).

35 2.7-Dibromo-N-3',5'-bis(octyloxyphenyl)phenanthro[1,10.9,8-
c,d.e,f glcarbazole:




Aliquat 336 (50 ng) were dissolved in degassed toluene (11.0 cnB) and
degassed 2.0 M aqueous potassium carbonate (2.2 cnB). The reaction m xture
was Vi gorwoby/@|sisred at 100-105 C for 21 hours. The pektymeeonomss2purified
by precipitation into nethanol:water (1Q,1), filtered and 25washed
sequentially via Soxhlet extraction wf cet one, petrol eum et her,

chl orof orm and chl orobenzene. The chl or obenzene fraction was reduced to a
smal | er vol une under reduced pressure and precipitated i nto nmethanol (500

cnB). The precipitated s fi re ed under vacuumat 25 C
ovea ni ght Itoo%h?’g%cﬁ BOQ%B?#QKW%W%F ﬁr%eég‘ﬂ?ﬁé;{l g)ﬁ eld 42 30% . Amax = 488
nm (sol id st &isgpctyd@phenyigpthenaritbrofén®)9, BBgdmmgcérbafDm& 8D gr Fabrication
and Measure | | G - ' r OFETs) were
fabricated g%n:%“ll éﬁﬂ_& ;bﬁd Q%ﬂfr?@%@gﬁgﬁ%g ?ms? .'tq ﬁ'ﬁfﬁélh ﬁl (rovvn )SI licon
oxi de (Si02) bromosmqumea(LM@@T/@D'Qmmpt)madd%slowly an aoluhgn Measer
where whe su t I tor

%ﬁFrF% i6r 66 nY R te%sataz§@@'§?i&| H‘B\ cﬁlré&ﬁﬁtﬁ%tull@ P

source-drain | ectrodes were ogr aphi c ed on the Si 02

| ayer. Prior (?Q)O 6ﬁ'ghﬁr he §@H¥'@6Ntﬁﬁ:§tﬁfe@ o1s?|0( "‘H?Pte$ET2 uﬁs@'ﬂ%ﬂlﬂé‘

hen deposi tSq g *‘*’T‘@M’“ﬂ** aﬁ@““?"%&“““?f‘omn o, “%Fﬁk?]*ﬁéé‘%s‘;fﬂéﬂﬁ’é‘“‘?iem
en

% on e suﬁﬂ‘Pﬁ'gleigng ﬂ%g %hrpﬁéioa@piu (5192 9¢h 2@ at 100C

under ni trOg@B_trmerrl@thiertwchFﬁl'mne%mer_ aseluamh)aaimttafrysztamze@ itb the

transi r | S [l Q LN [ a a ,en Ir

at maphore ultSasTed AnbyRPrEoLsBuBRhit et i RSB EWceERt o8

Par anet er Anal yedlow. sdfida(s24 goyielid 8B k). AHMRacHe BDB NIz, @BCI@OIWB (d, of

Exanpl e 1 WeUe- ?.%aﬁk”ﬁlq @25%”Jf-'é§ﬁ—lf%t%9|effsvgﬁ‘—§s7% t73/§"|-Fz<'j" p-type

behavi our w t dul I ned 1'i near and

saturation 1@H)eé|8§é§|, JI—’oq'2 2y d); 6.57 4, iRz D 4/0818bY Fig-§ Ha t he
saturation ragpmﬁ 88 mh SA) 1063 ?brMH) 1130r‘(8NS1e%)s o&@degwat@g KRGy, current

on/of f ;zatio of 1 x 105 was observed i el fect mobility was
cal cul &?ed In the saturation regine (Vd > (Vg- Vo)) 20usi ng equation (1):
2,7-Bis(2-thienyl)-N-3’ 5'-bis(octyloxyphenyl)phenanthro[1,10,9,8-

c.d.e.fglcarbazole:
A dried round bottom flask fit with a condenser was charged with 2,7-
dibromo-N-3’,5'-bis(octyloxyphenyl)phenanthro[1,10,9,8-

20 c,d,e,f glcarbazole (4.10 g, 5.42 mmol), 2-(tributylstannyl)thiophene (3.88
cm?’, 12.2 mmol), dichlorobis(triphenylphosphine)-palladium(ll) (0.076 g,
0.109 mmol) and degassed toluene (565 cm3). The solution was stirred at
reflux for 18 hours and then cold down. The reaction mixture was filtered
over silica and eluted with petroleum ether. The solvent was removed

25 under vacuum and the recovered solid triturated two times in methanol.
The crude product was recrystallized into petroleum ether twice to afford
the title product as a yellow solid (3.46 g, yield 84 %). NMR (1H, 300 MHz,
CDCl3): 6 8.70 (d, J=7.5 Hz, 2H); 8.43 (d, J = 8.3 Hz, 2H); 8.10 (s, 2H);
7.85(t, J=7.9Hz 2H);, 7.45 (m, 4H); 7.26 (t, J=2.2 Hz, 2H) 6.88 (d, J =

30 2.2 Hz, 2H); 6.57 (t, J = 2.2Hz, 1H); 4.05 (t, J = 6.6 Hz, 4H); 1.84 (m, 4H);
1.49 (br, 4H); 1.28 (br, 16H); 0.88 (t, J = 6.9 Hz, 6H).

2,7-Bis(5-bromo-2-thienyl)-N-3',5'-bis(octyloxyphenyl)phenanthro[1,10,9,8-
c.d.e fglcarbazole:

35 A dried round bottom flask was charged with 2,7-bis-(2-thienyl)-N-3',5'-
bis(octyloxyphenyl)phenanthro[1,10,9,8-c,d,e,f,glcarbazole (1.50 g,




dl dsat/dvg = 1.1sat (W= G /L) (Vg-Vo)(1l) where Wis the channel width, L
the channel length, Cl the capacitance of 25 insulating |ayer, Vg the gate
vol t age, wWo20hen1gumn-on vol t age, andi Asat is the chargepcampe@o/oomb2 ity in
the saturation regine. Turn-on voltage é 0) was determ ned as the onset of
source-drain current. Exanple 6: Photovoltaic Cell Fabrication and
Measurenment 30 Organi c photovoltaic (OPV) devices were fabricated on

| TO- gl ass substrates (13 0/sq.) purchased from LUMIEC Corporation
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nohi eviOnot i o9 e 2PHLT 200 22 S H0eRF o8 B S8 Tk A TR BB WP Ui ng a
prof i | omet er2.2AHzhai); g i(thg perdhinl )l Hdked, ¢ & @Oddz ethletdB(motHiny
resi dual sol Y v brTZI/H? G‘?#WT qg\,l_\grg@gtﬂ@dJ tig gﬂoil\@vl-?od“ ed at 23 C for 10

m nut es and bl ade- coa ‘ed at r 3 mnutes on a
15hotpl ate. For the last step of the device fabrication, Ca (30 nm / Al

(200 nm cat P@M@?WSLBQK@@HWW@H&WI@{@@nEWQO gagshadow mask to define
t he cei}\is Sa L ed g t7% | . af ,. 1 Sun

usi ng Sol & 2 ;
using a cali braﬁaédi’&laskeﬂ? hls(ﬁ—beomeiz-:ttmemd) N2W, 5 bls(octyloxyphenyl)

phenanthro[1,10,9,8-c,d,e,f g]carbazole (500.0 mg, 0.5436 mmol), 4,7-
bis-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-benzo[1,2,5]thiadiazole
(2101.0 mg, 0.5436 mmol), tris(dibenzylideneacetone)dipalladium(0) (2.5

20 mg, 0.0027 mmol), tri(o-tolyl)phosphine (3.3 mg, 0.0109 mmol) and
Aliquat 336 (50 mg) were dissolved in degassed toluene (11.0 cm3) and
degassed 2.0 M aqueous potassium carbonate (2.2 cm3). The reaction
mixture was vigorously stirred at 100-105 °C for 21 hours. The polymer
was purified by precipitation into methanol:water (10:1), filtered and

25 washed sequentially via Soxhlet extraction with acetone, petroleum ether,
chloroform and chlorobenzene. The chlorobenzene fraction was reduced
to a smaller volume under reduced pressure and precipitated into
methanol (500 cm®). The precipitated polymer was filtered and dried under
vacuum at 25 °C overnight to afford the title product 4 (204 mg, yield 42

30 %). Amax = 488 nm (solid state), 492 nm (chlorobenzene).

Example 5: Transistor Fabrication and Measurement

35 Thin-film organic field-effect transistors (OFETs) were fabricated on highly
doped silicon substrates with thermally grown silicon oxide (SiO,)



Figure 1 illustrates the OPV device |-V characteristics, under irradiation
of 1 Sun, for an OPV device prepared frompolyner 1 of Exanple 1. The OPV
devi ce combanngisrdacti ve | ayer of the bl end pol ynmer 1: PCB¥MPG80j00453

bl ade-coated froma solution in DCB (23ggu/m ), with 25Voc = 830nV Jsc =
9.75 MmN cm2 FF = 43.3% ri = 3.50% 30Power conversion efficiencies (11) of
up to 3.50% were neasured with an open-circuit voltage (Voc) > 800 nV. -

57 - Patent Cainms 1.Conjugated polymer conprising one or nore identical
O ot L2 o0t i ERRRAb 1At iicte the CObGHAR derved W04 6bﬁ‘m%r§ gffe SREfogecur rence
i dentically H, hal ogen straig hai n, “branched or cyclic

al kyl with 1Tfét951§30(§<alﬂf@ﬁsdra!m99&ﬁl ﬁCféfPQES()WeFﬁ)PBO ithogipRbisally defipeds ar e
optionally réﬁhﬁésﬁb?léyee Priorto orgahlic serﬁféoﬂducto*r sQron FER=CR or -CC

and in which_on s, ar tional d by F, d, Br, | or
CN, or Ris %bgfeﬁgs é?e@i?‘gl"‘"tha?‘?jw IWPSM% '{? group having 2 to
40 C abons t bemidondudtortiint twdrecthen deposited byes@ubgcoanag@nlyrmene non-aromatic
groups R1, R t lL.anal Iy
substituted %@pﬂgﬁs &ﬁb@?g[@%ﬁ%ﬁé Q/W&{) (%[ Fgﬁ %@stﬂéﬁ%rﬁ% %’R‘hﬁ% or nore
het er o at onswere then dried and annealed at 100°C under nitrogen for 10 mins. The

electrical characterization of the transistor devices was carried out in both

dry nitrogen and ambient air atmosphere using computer controlled

10 Agilent 4155C Semiconductor Parameter Analyser.

Transistor device characteristics for polymer 1 of Example 1 were
measured on thin-films and the devices showed typical p-type behaviour
with good current modulation, and well-defined linear and saturation

15 regimes. For polymer 1, a charge carrier mobility in the saturation regime
(neat) Of 2 X 10™ cm?/Vs was calculated and a current on/off ratio of 1 x 10°
was observed.

Field-effect mobility was calculated in the saturation regime (V4 > (Vg-Vo))
20 using equation (1):

dIg**/dVy = psat - (W + CilL) - (Vg-Vo) (1)

where W is the channel width, L the channel length, C; the capacitance of
25 insulating layer, V, the gate voltage, Vo the turn-on voltage, and psa is the

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

determined as the onset of source-drain current.

Example 6: Photovoltaic Cell Fabrication and Measurement

30
Organic photovoltaic (OPV) devices were fabricated on ITO-glass
substrates (13 Q/sq.) purchased from LUMTEC Corporation. Substrates
were cleaned using common solvents (acetone, jso-propanol, deionized-
water) in an ultrasonic bath prior to a conventional photolithography

35 process that was carried out to define the bottom electrodes (anodes). A
conducting polymer poly(ethylene dioxythiophene) doped with



Aris on each occurrence identically or differently an optionally
substituted aryl or heteroaryl group, - CY1=CY2- or -C-C, Y1l and Y2are

i ndependewol2g11afistach other H, F, C or CN, Rlis on eacrComEPAI10OM262
identically or differently H, hal ogen, 5gl\l -NCO, -NCS, -OCN, -SCN, -
- 58 - C(=0)NRR, -C(=0)X, -C(=0)R, -NH2; NRR -SH -SR, -S03H, -S2R, -0OH,
-N®2, -CF3, -SF5, optionally substitut ed silyl, carbyl or hydrocarbyl wth
1 to 40 C atons that is optionally substituted and optionally conprises one

" .
oroup or o PRy EDe UdnicRom) ReRvRRSNPPKTROSE IR & SR WaR BT o,
differently 81: lratﬂ) withzjeiomizediveater. T his sobiinn avas somigategrfer 8pt i onal | y
substituted m.ﬁ@egrf@e%ur@ I%pgsrr%gﬁ\gfﬁrbcg{ﬁ&'epr[ﬁm%ﬁc@iglnﬁ'?ltépb glatem 1

sel ected fromt %rou srstin or mu ae 25 30 12
35 spin-coating to achieve a thickness of 20 nm. Substra es were exposed to
S ozone prior to the spin-coating process to ensure good wetting properties.

Films were then annealed at 130 °C for 30 minutes in a nitrogen
atmosphere where they were kept for the remainder of the process. Active
materials solutions were prepared at the concentration and components
ratio stated in the examples and stirred overnight. Thin films were either

10 spin-coated or blade-coated in a nitrogen atmosphere to achieve active
layer thicknesses between 100 and 200 nm as measured using a
profilometer. A short drying period followed to ensure removal of any
residual solvent. Typically, spin-coated films were dried at 23 °C for 10
minutes and blade-coated films were dried at 70 °C for 3 minutes on a

15 hotplate. For the last step of the device fabrication, Ca (30 nm) / Al (200
nm) cathodes were thermally evaporated through a shadow mask to
define the cells. Samples were measured at 23 °C under the irradiation of
1 Sun using a Solar Simulator (Newport Ltd, Model 91160) as the light
source and using a calibrated Si-cell as the reference.

20
Figure 1 illustrates the OPV device |-V characteristics, under irradiation of
1 Sun, for an OPV device prepared from polymer 1 of Example 1. The
OPV device contains an active layer of the blend polymer 1:PCBM[C60]
1:3 blade-coated from a solution in DCB (23 mg/ml), with

25 Voc = 830mV
Jsc = 9.75 mA/cm™
FF =43.3%
n = 3.50%

30 Power conversion efficiencies (1) of up to 3.50% were measured with an
open-circuit voltage (Voc) > 800 mV.

35



- 59 - wherein Rand Ar are as defined in claim1, and the benzene rings
are optionally substituted with one or nore groups Rl as defined in claim
1. 3. Pol yweroadasr4di ng to claiml, selected of formula PCT/EP2US/004262rei n R
Ar and mon each occurrence identically or differently have the neanings of
claim1, the benzene rings are optional Py substituted with one or nore
groups Rl as defined in claiml1, and nis an integer > 1. 4.Pol yner
according to claim3, selected fromthe group consisting of the follow ng
subf or nul ae: 30 - 60 - Patent Claims

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

10 N

wherein

15 R is on each occurrence identically or differently H,
halogen, a straight-chain, branched or cyclic alkyl with 1
to 35 C atoms, in which one or more non-adjacent C
atoms are optionally replaced by -O-, -S-, -CO-, -CO-O-
, -0-CO-0O-, -CR=CR%- or -C=C- and in which one or
more H atoms are optionally replaced by F, Cl, Br, | or
CN, or R is an aryl, heteroaryl, aryloxy or heteroaryloxy
group having 2 to 40 C atoms that is unsubstituted or
substituted by one or more non-aromatic groups R',

20

25 R%and R are independently of each other H or an optionally

substituted carbyl or hydrocarbyl group optionally
comprising one or more hetero atoms,

Ar is on each occurrence identically or differently an
optionally substituted aryl or heteroaryl group, -
CY'=CY?- or -C=C-,

30

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

35 R' is on each occurrence identically or differently H,

halogen, -CN, -NC, -NCO, -NCS, -OCN, -SCN, -



wherein R, Ar and n have the neanings of claim3. 10 5. Pol yner according to
claim3, selected of fornmula Ila 20 wherein R, Ar, mand n on each
occurrencwoidemtisal |y or differently have the neani ngs pafi/Brb@ionofe2 t he
benzene rings are optionally substitutegdqewi th one or nore groups Rl as
defined in claim1, and 25R2 and R3 havE"i ndependently of each other one of
t he nmeani ngs of Rl, or denote -CH2CI, -CHO -CH=CH2, -SIR R'R', - SnlTR'Rm
-BRR', -B(OR)(OR"), -B(OH)2, or P—Sp, wherein P and Sp are as defined

above, and R, R' and R’ hé\/_eog{]%eﬁ (cjiégd) oofcmh%ootmqr
an |

meani ngs 300f R gi ven above brma ri ng toge "her

with the hetero atomto WmS)‘RI +-B8sHa -8 CaRs aé%‘éd-NQz Pt RaeBF acadiomaiy t o
claimb5, selected of for nugl%gt&g%dsgﬁ? (Qi'@i/lrbr@ail@éarb yl With 1 thgy€i n R2 and

R3 are as defined in claimb, an | ymer chain selected from
the group consisting of fopieMsthatiis OEHGn@L'hYZSléP:,St'HEWr?é'@ PRfichally m 4.

S comprises one or more hetero atoms, or P-Sp-,
P is a polymerisable group,
Sp is a spacer group or a single bond,
10
X° is halogen,
m is on each occurrence identically or differently 0, 1, 2 or
31
15

and wherein the benzene rings are optionally substituted with one or
more groups R.

2.  Polymer according to claim 1, selected from the group consisting of
20 the following subformulae:

25

iy Dad

35 |



57. Pol ymer or nonomer according to one or nore of clains 1 to 6, wherein Ar
is selected fromthe group consisting of benzo[1, 2,3]thiadi azol e-4, 7-di yl,
benzo[ 1, 2yB2euliasEdi azol e- 4, 7-di yl , benzo[ 1, 2, 5] t hi adi aPOT&EP2)16/0042¢2
benzo[ 1, 2, 5] sel enadi azol e-4, 7, di yl
4,7-di-thien-2-y|-benzo[1,2,3]thiadiaz&ﬁ§'1L7-di-thien-2-yl-
10benzo[ 1, 2, 5] t hi adi azol e, 2, 3-di cyano- 1, 4- phenyl ene, 2, 5-dicyano, 1, 4-
phenyl ene, 2, 3-difluro-1, 4-phenyl ene, 2,5-difluoro, 1, 4-phenyl ene,

2,3,5 6-tetrafluoro, 1, 4- phenyl ene, 3, 4-difl uorothiophene-2,5-diyl,

t hi eno[ 3, 4-b] pyrazi ne-2, 5-diyl, quinoxaline-5,8-diyl, selenophene-2, 5-

di yl, thiophene- ZNI’a':eréiryR artchAeaceE as Aefinediio glzmet, 2 theybenzeheaimgs2, 3-

15b] t hi ophene- 2, S b

sel enopheno[ 2, 3- C%Het'r?ga gngghg{z;gm,tﬁ ols?']eel @Jn'ﬁgﬂe[)a% gR a§|l1¥*ned n

b] t hi ophene- 2, 5- dmwnw selenopheno[z 3 b]thlophene 2,5-diyl, 1,4- phenyl ene,
pyri di - 2, 5- dlyI pyrimdine-2,5-diyl, p-p'- blphenyl

naphthalene 2, 6- d|yI benzo[ 1, 2-b: 4, 5- bIdlthlo hene-2, 6-diyl, 2, 2-

20di t hi ophend. 2,Palyines eresgiichto C'?HFazé?@Ct%QEfﬂf@m%“I of which are
unsubstituted, nmono- or polysubstituted with Rl as defined above. 8.

Pol ymer or nononer accosding to—one or nore of clains 1 to 7, wherein Ris
selected fromthe grouy Cb\SIS of the follow ng 25fornul ae WD

2011/ 018144PCT/ EP2010 004 wherein "ALK' denotes optionally
fluori ed, preferabl '

yI or alkoxy with 1 to 20 C atons, and
t he dashed I|ne denat ¢ ‘ A}}’zlﬂgm of the phenant hrocarbazol e
0 ef er ak Al | ALK 8Ubgroups are identical. 9.

core in fornula I, &

Pol ymer or nononer according 0 one or nore of clains 1 to 8, wherein Ris
selected fromprimry al kyl ®r alkoxy with 1 to 30 C atons, secondary al kyl
or alkoxy with 3 to 30 C atolrs, tertiary al kyl 10or al koxy with 4 to 30 C
atons, wherein in all these %roups one or nore H atons are optionally

replac by F, or Ris selected fromaryl, alkylated aryl or al koxy aryl
with 4 tb 40 C atv%@reir?&‘, AVQHB%ronoéaétPBg&ﬂr?eAéé id%ﬁtically or differently
have the meanings of claim 1, the benzene rings are optionally
substituted with one or more groups R' as defined in claim 1, and n
is an integer > 1.

20
4. Polymer according to claim 3, selected from the group consisting of

the following subformulae:

. Oad;
i
n *

30

35



wherein R, R2, R3, Ar and m have the neanings given in one or nore 25of

clainms 1 to 9, and the benzene rings are optionally substituted with one or

nore gr owwe 2RM/m|s14defined in claiml. 11. Mononer accor @cmgEre@oobesm 10,

selected fromthe follow ng fornul ae: 380 WO 2011/ 018144PCT/ EP2010/ 004262 -
h

63 - 10 15 R3 1112 wherein R and Ar”have the neani ngs gven in one or
nore of clainse 1 to 9, and the benzene rings are optionally substituted
with one or nore groups Rl as defined in fornula I. 20 12. M xture or blend
conpri sing one or PO rg—agcording to one or nore of clains 1 to 11
and one or nore conpoi ule ers sel ected fromthe group consisting of
conpounds and pol yner onducting, charge transport,

Ar-}n—* 12

5 'r
R
wherein R, Ar and n have the meanings of claim 3.
10
5. Polymer according to claim 3, selected of formula lla
|
! .
20
wherein R, Ar, m and n on each occurrence identically or differently
have the meanings of claim 3, the benzene rings are optionally
substituted with one or more groups R' as defined in claim 1, and
o5 R? and R® have independently of each other one of the meanings of

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

6. Polymer according to claim 5, selected of formula lla1

35 R2-chain-R> a1



25hol e/ el ectron bl ocking, electrically conducting, photoconducting or |ight
emtting properties. 13. Formul ation conprising one or nore polyners or

bl ends acwordimygste one or nore of clains 1 to 12 and oRETHP20MO/08426D| vent s,
preferably 30sel ected from organic solv?§F§. 14. Use of a polymer, blend or
fornul ati on according to one or nore of clainms 1 to 13 as charge transport,
sem conducting, electrically conducting, photoconducting or light emtting
material in optical, 35electrooptical, electronic, electrolumnescent or

phot ol um nescent ngm 3 devj 11/ 44PCTHEP2010/ 004262 -
64 - 15. Optical vﬂg«{@& Irsoéﬁgiq%a?'%o%gggg@?%ﬂ%@%éﬁ%ﬁ#eﬁﬁ%r |sd§3>|02yéger
conpri si ng one orchatn selpotegnfeorm, thiel gradp consistingwif ferinawlae ddcandiliBg@st o one or
nore of claims 148nddinthim@nponent or device according to claim 15,

characterized in that it I's selected fromthe group consisting of organic
field effect transistors (OFET), thin filmtransistors (TFT), integrated

circuiss (1C7 | eigmer bf Hdriomé&rasoriitiglto drrtbOmbf& e Ry 1d@g | fi cation
(RFI D) tags, 10devices or. conponents, .organic light emtting di odes (OLED),
organi ¢ |ight emwhqfﬁﬁ'&b?rﬁs‘% ?tsﬂrs}rqr@ﬂﬁq‘%,row §PN$IatRg ofii spl ays, backlights
01;] di spl gys, or gmr?@oplhzmmdiamefl@vim,sgémn,2,3]_@leaa"ém'aa§ézose4l,ﬁam, di odes,
phot oconduct or s, ot tors, elgectr ot o i ¢, device .

el ect r ophot ogr apm%gngﬂgﬁ%f?d{'%%eb‘gz',J'@E%?r&fﬂﬁ ??%ﬁmdm?%ész'dyénsor 4
devi ces, charge i4n7-eithien-2-phteerszo[t 223 )fdadioaakepdi-di-thien{-gr interl ayers in
pol ymeryg i ght emttl i . A tky ~di lcagal LS layers,
anti st z;tdi c fil ns,btebgﬁ ng’rs?tgfa;déégéﬁﬁ ’233 %%?%hg pﬂé&ﬂ?ﬁebgrﬁﬁ@%ﬁ%qg“
substrates, condpbeniensaiEdifiurod, ¢pheoylenealr-iluore.i opberylers,

al i gnment 201 ayergs sty gstedthns 1 ,b?%hyl@ge 3,Qpamubvotﬁﬁfgi‘ﬂ§@raiszm5ﬁgw' ty

devi ces, and conponenfs or devjces f et ect I ng and. I ng. DNA
sequences. HieRol A IR ED 7, Sy ARG Ol SSIBPAPIENesR Pr.

characterized indagt tlm]gﬁpHéné-z,_sa@iygfﬁépdwtmqthﬂfpr&gdwﬂ,Is-diiyt, eieho2c3 onf O VA

claims 1P to o bPTBBIIARE Gy bR Re R RIS aP PG 2 batar m 10 or 11

wi th each ot her, safehopheniof2)3di]selenopbere20mdivkr selenopiend{8/2rul a

30R2- Ar-R3,  wher ¢hiid¥her332 iy fVsefifopfentf, 3 B n0-2 S.ail ) 134 ary! -
phenylene, pyridine-2,5-diyl, pyrimidine-2,5-diyl, p-p'-biphenyl,
naphthalene-2,6-diyl, benzo[1,2-b:4,5-b'|dithiophene-2,6-diyl, 2,2-

20 dithiophene, 2,2-diselenophene, thiazole, oxazole, all of which are

unsubstituted, mono- or polysubstituted with R' as defined above.

8. Polymer or monomer according to one or more of claims 1to 7,
wherein R is selected from the group consisting of the following

25 formulae
5 ' _ALK

ALK” ALK \l/ J@\

30 ALK ALK ALK
ALK
: : ALK
ALK
ALK T ALK
ALK

35 ALK ALK

ALK ALK



aryl coupling reaction.
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10.

11.

-62 -

wherein "ALK" denotes optionally fluorinated, preferably linear, alkyl
or alkoxy with 1 to 20 C-atoms, and the dashed line denotes the link
to the N-atom of the phenanthrocarbazole core in formula |, and
preferably all ALK subgroups are identical.

Polymer or monomer according to one or more of claims 1 to 8,
wherein R is selected from primary alkyl or alkoxy with 1to 30 C
atoms, secondary alkyl or alkoxy with 3 to 30 C atoms, tertiary alkyl
or alkoxy with 4 to 30 C atoms, wherein in all these groups one or
more H atoms are optionally replaced by F, or R is selected from
aryl, alkylated aryl or alkoxy aryl with 4 to 40 C atoms.

Monomer of formula il

e
S =
N

|
R

wherein R, R2, R3, Ar and m have the meanings given in one or more
of claims 1 to 9, and the benzene rings are optionally substituted with
one or more groups R' as defined in claim 1.

Monomer according to claim 10, selected from the following
formulae:
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12.

13.

14.

-63 -

9L

2
Ar—R3

wherein R and Ar have the meanings gven in one or more of claims
1 to 9, and the benzene rings are optionally substituted with one or
more groups R' as defined in formula |.

Mixture or blend comprising one or more polymers according to one
or more of claims 1 to 11 and one or more compounds or polymers
selected from the group consisting of compounds and polymers
having semiconducting, charge transport, hole/electron transport,
hole/electron blocking, electrically conducting, photoconducting or
light emitting properties.

Formulation comprising one or more polymers or blends according to
one or more of claims 1 to 12 and one or more solvents, preferably
selected from organic solvents.

Use of a polymer, blend or formulation according to one or more of
claims 1 to 13 as charge transport, semiconducting, electrically
conducting, photoconducting or light emitting material in optical,
electrooptical, electronic, electroluminescent or photoluminescent
components or devices.
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15.

16.

17.

18.

-64 -

Optical, electrooptical or electronic component or device comprising
one or more polymers, blends or formulations according to one or
more of claims 1 to 13.

Component or device according to claim 15, characterized in that it is
selected from the group consisting of organic field effect transistors
(OFET), thin film transistors (TFT), integrated circuits (IC), logic
circuits, capacitors, radio frequency identification (RFID) tags,
devices or components, organic light emitting diodes (OLED),
organic light emitting transistors (OLET), flat panel displays,
backlights of displays, organic photovoltaic devices (OPV), solar
cells, laser diodes, photoconductors, photodetectors,
electrophotographic devices, electrophotographic recording devices,
organic memory devices, sensor devices, charge injection layers,
charge transport layers or interlayers in polymer light emitting diodes
(PLEDs), Schottky diodes, planarising layers, antistatic films,
polymer electrolyte membranes (PEM), conducting substrates,
conducting patterns, electrode materials in batteries, alignment
layers, biosensors, biochips, security markings, security devices, and
components or devices for detecting and discriminating DNA
sequences. ‘

Component or device according to claim 15 or 16, characterized in
that it is an OFET device or a bulk heterojunction OPV device.

Process of preparing a polymer according to one or more of claims 1
to 9, by coupling one or more monomers according to claim 10 or 11
with each other, and/or with one or more monomers of the formula
RZAr-R®, wherein R?, R® and Ar are as defined claim 10, in an aryl-
aryl coupling reaction.



