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AND ELECTRONI C DEVI CES FI ELD OF THE | NVENTI ON 10001]
wab@speesent i nvention relates generally to coPdieG200€000383
organi ¢ conpounds, particularly el ectrol um nescent
organi c conpounds, and to electronic devices
Lfgo TA'M;I E ' COMPOUNDS. Ammmmmea)mmmm
ectrol um nescent organic naterials can be

classified into two categories: conjugated polymners
FIRDDoOFTHESINVIENTIEN| es. [0003] Polyneric

el ectrol um nescent organic nmaterials include poly(1,4-
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manuf act uring el ectroni c devi ces cont ai ni ng
el ectrol um nescent orianlc mat erials. [0004] However,

BAIGKGROUND OF THE INVENEX@Neve for pol yneric

light emtting materials since such materials often
[0002} ai Elac&bhmmesammmgesu@ma@nalucv;ambablassat@«fclemt@,mm t he
ol ymer backb oducts i du edH during
PXI?FEFP%J%%“ P° yglﬁ d’r%qnb%?ig “Hi%g on the -
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emtting diodes (OLEDs), either as emtters or as
eledieplepinesegALYEANL MptsHd S ri als. It is possible to
produce fairly pure small nolecule light emtting
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ubl mati dn or recrystallization process, which
erpitting wetsrials saute aml'agetendﬁpﬁﬁle gonkRiplertiig lgmogRistof istgetural
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arfERR bR FefnBRiy \Aﬁowme@ Bhdied A Inhesd imploeities and/or

cost - effectlve and ich may _not be desirahl e fo .
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PCT/ SGZOOG/ 000383 also be better sui ted for .
[0005par niaihmofechlas geprestitl amstheheategory: of kghtierddinganaterials

arlldalrla%% been widely used in organic light emitting devices, such as organic light
emitting diodes (OLEDSs), either as emitters or as charge transporting materials. It
is possible to produce fairly pure small molecule light emitting materials due to
use of purification processes such as sublimation or recrystallization process,

which provides an advantage compared with light emitting polymers.

[0006] However, devices containing small molecules are typically processed
using vacuum deposition techniques, which tend not to be cost-effective and
which may not be desirable for mass production. Generally, solution processing is

a lower cost technique and is more suitable for mass and fast production, and may



di splays. [0007] Multil ayer devices are known, and
are typically constructed with a hole transport

WO 208069780 eni ssive |ayer and an el ectron tranBED862006/000383
| ayer, with possible inclusion of a hole injecting

|8 ePAYlhq P o D Bibes s R o g fovey
displagk.i al s, both polymers and small nol ecul es,

typically have inbal anced charge transporting
éﬁaracterlstlcs General ly, Ilght emtting materials
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(Ar6)s (i rl)p (1) N x(Ard4) \(Ar5y wherein:
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I
el £ PORREORCE! bty BOARERD B HRBIoLe BB ene
or heteroarylene ethynylene optionally substituted

[60108 onEtimughsome shichamabiipbleximaterials have been developed, to date |

the reported device performance based on such materials is still not satisfactory.

[0011]  Thus, there exists a need for new materials that can be used in an

organic light emitting layer in an electroluminescent device.

SUMMARY OF THE INVENTION

[0012] In one aspect, there is provided a compound of formula (I):

(Ar7) (Arg)y—N (Arg)y—(Arg)s
(Arq)
| e @
N
x(Arg) (Ars)y

wherein;



unbranched al kyl, branched or unbranched heteroal kyl
branched or unbranched al kenyl, branched or

wanisasiobed het er oal kenyl, branched or unbr anediE8G2006/000383
al kynyl , branched or unbranched heteroal kynyl,

b hed al k | and het -
caon ot ot A DS B Aept s Bon e Tan aftene
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et hy ﬁ@%ﬂé{l@ SpteRaty sehstiuied with ane @r mormobbrendhedivsr e of
br anghsdn § f nched

het e?oal kti?llrefi a]ki){yg’r@ e g%?%ﬂl?r%}cg%ﬁée%%g gr%#ﬁ&gé(?grﬁched
or unbbrandied dlkeayle buathkeinylunbiun el tester oalkerty branubibé or

al kynyil ranghe r br anched het er oal kynyl ,

br o Bz SRV R Rty B etk s chrangtyt or
eachufraf¥hed andxf\ Ryl smdiRgepgpdent |y aryl ene;

het eroaryl ene; arylene vinylene; heteroaryl ene

vinyl ene; aryl ene ethynyl ene; or heteroaryl ene
et hy AAbi AL gt Awriaindppendestly auylang; heternanytrseparylene e of

b . |k b d. b hed
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a nyl, bran or . unbr anche et er oa nyl ,
or o R IeGRS Al ParcheboHmRER e rogiRul e hskoy |
and gibrh@Rsd aﬂk@ﬁyl?ﬁraﬁﬁl@d%‘?q BaficHed hefPo %%e%gfi b2dhched or

g B ted Wt rie or nore

wi t hdrawi ng Ar group, IS substitute
el ecurtwenched alkpingywbragclsdias tinbraactted heteroallsyrai) behebitd on

wi t hdrnawi r ou bstityted with one or nore
el ecﬁb&%“"?hg‘?ﬁ%?g}wafﬂa&a ®©f%¥8nts; and each of m n,
p, r, s, x and y is independently an integer from1l to -

20. edcABL A, eEi‘thﬁ)iiﬂﬁﬂ%ﬁen@ént@é@%&dﬁté?&atﬁ&h@}ﬁrfﬂeﬁé )
are el ectrolum nescent, and as such are useful as
or gavirylenssteroarylens yiapieae;ardens ethymilenss oeheterdenylanes,

d . . i i | h
' ccRIGR, Uthallf s Rd G The Bt 41e (AFhcnBy 615] 8°
bl octkibmglchaydkyl, pxdkdd (ﬁ?lmgezttnﬁleaaitlheyel;rodlh?, Bﬁﬁb’l@dto_r
nds, af e, cogpose oth a e transportin
oI SkEBTaRan or ShupRser AEClprE, Drahedpr
segn@bkdhchl MBRA08hRG2d %@uﬁ&lﬁ&% ﬂ%fo%ﬂ%?l?’ brdrdi &€

to provided the ‘conpounds w th anbi pol ar "t ransporiing
f uncinbsrrghed glkoxss aryhend hetetversd audateast dse af Aremldutr; én

pr ocﬁsé&?Joﬁ ’Wi&%gawnigg &regrcrnﬁ)? gsl slu)éstPtH{elclfvxlriﬁ-ldogeoorarlnore electron
withdrawing substituents, or is an electron withdrawing Ar group

substituted with one or more electron withdrawing substituents; and
eachofm, n, p, 1, s, x and y is independently an integer from 1 to 20.

[0013]  Embodiments of compounds of formula (I) are electroluminescent, and
as such are useful as organic layers in organic electroluminescent devices, and
may be used to form the emissive layer, a charge injection layer, a charge

transport layer or a hole blocking layer.

[0014]  Conveniently, the above compounds are composed of both a hole

transporting segment and an electron transporting segment, which segments
3



rel atively high extent. [0015] Thus, in another

aspect, there is provided a thin filmconprising a
W@ o09poen1se as descri bed herein. [0016] In a furediEsG2006/000383
" aspect, there is provided a device conprising an

, cat.hpde an hin il s descri hed .herein
BB p BRI SrBints bithaamindh VoniiiRihe Aetingato: s
wed] thesteconisifihdy areRolueibn procbdshible andSRBEDe rehdi®f Suriffed to a
provi ded a device conprising: an anode; an ‘em ssive
- 1qlaf{vely bigh §8%BH on the anode, the enissive |ayer
conprising a conpound as described herein; and a ‘
(6051 0deritlsSROREheP pblitRA 1S SlotfadaWiln fited ORATGil )
another aspect, there Is provided a device C rsi ng:
cempanmulds describled herefr. ansporti ng | ayer di sposed on the
anode; an em ssive |ayer disposed on the hole

19 5 C i o onaion oo SPiyRT 2 uaRe B et iiode, o

cathsqraard o filAeaed RGiBAMetiRNRO R HiRY disPMé%H;be%&h%@
at least one of the hole transporting layer, the

apqdessfl e gathade. and the el ectron transporting | ayer
conpri ses a conmpound as descri bed herein. [0019] In

eyl oty . v
U171, SO LraRh Bt RSPl BAASRE Puingl ) 0
ararief dreeraissiste Jayar Gispased oatspmotie,nle traiseive thysP oSN a

the hagle.injecting. |layer; an enissive | ayer disposed
CQPIHA % JFETOP SR Eh Caigierdisposee an Heremmipmive Tayer.
transporting |l ayer disposed on the em ssive |ayer; and

[0018D! € 1hlapstkingpedt An6re iéj%n%ﬁ)ﬁﬁsﬁq RYick 'a&nghﬁﬁgff & hnode; a
transporting |ayer; an electron injecting |ayer

hele spuspertinglayeralispebetsin/the angds an emissiviedajer disppsedead tha

i nj ect.ing.l . wherein at | east.
1P Sl Byor, PSS Moo lipe 19SS G by 457 Sis0E
layéreandeh egthodedibpo3ed o tHel ol@:troA YAspoBiY la§&S wReRRIRQHIE

as described herein. [0020] O her aspects and features
ongrofithehlp &epsportinglayer; s ewlissiveares sad thepegtiontrangporting

la %fb'%?flpﬁ’ifsesoéﬁ% vhdS¥ dbderibBd fl&@in?ft upon revi ew of the .

ow ng description of specific enbodi nents of the
i nvention in conjunction with the acconpanying
[001191ir edn still ORGP @6 IHGE iREIVISRL O A6Yi00 ORBAIHRRE: BR anode;

CRI PTI OF. THE [0p21] In the figures,
o f e e gfse?swg% BeLx Bt enthorye Bdahas an
theholehigjeptigsianér; ¥anrbive Tayer disposed on the hole transporting layer;
an electron}transporting layer disposed on the emissive layer; and a hole blocking
layer disposed on the electron transporting layer; an electron injecting layer
disposed on the emissive layer; a cathode disposed on the electron injecting layer;
wherein at least one of the hole transporting layer, the emissive layer or the

electron transporting layer comprises a compound as described herein.

[0020]  Other aspects and features of the present invention will become
apparent to those of ordinary skill in the art upoﬁ review of the following
description of specific embodiments of the invention in conjunction with the

accompanying figures.



[0022] Figure 1 is a schematic representation of

formula (1), indicating the electron transporting,
whoi08/06978sporti ng and em ssion tuning segnent BCD$G2006/000383

formula (1); [0023] Figure 2 is a schematic diagram

setting out a synthesis pechanisns for certain
RRHSEHES GRIPIIQNOF THE DRAWANGS: 3 i s a

representation of a single | ayer device incorporating
[@021]hi ninfth¢ figerentvehich Alystsate.drypvashef examipby only,cengtiodiments

5%25‘% Fi.gur .4 1s a representation of a nulti |ayer

° Pl e RSy 1(S)Pating at least one thin film

contai ning a conmpound of forrmula (I); [0026] Figure 5
[6022In |FiYupd Dis Dichauiicepreserititidnef foanila ¢l iaticetinothe

| TO PEDOT: PSS/ PVK: dopant / TPBI / Li F/ Ca/ Ag, where the
elgstsem ranspotting; hrls trapyry egHssQI} ping segments ghtoppula
(XEJ gure 6 is a V-L plot of devices with the

onfiguration of |TQ PEDOT: P S S/ PVK:

dopant/ TPBI / Li F/ Ca/ Ag; [0028] Figure 7.s an |-V plot

- [@023]evi Bigaren isn schemeiondingramagetting ot a synthesis mechanisms

| TQ PEDOT: PSS/ c ound/.JPBI / Li F/ Ca/ Ag, where the
f(?focﬁﬁﬁlﬁr?ampgu\}‘iﬁ?%&lﬁgipounds of formula (1); [0029]

Figure 8 is a V-L plot of devices with the

[e0d]i guFighi-©B s repteb&AtAIAQT aRirgle layer device incorporating a

S/ conpound/ TPBI / LI F/ Ca/ Ag; [0030] Figure 9 is a plot
thin filmiceptaing sernpeHngof i (Dsvs | uni nance of

devices with the configuration of

R L L S R e
leastrifniedghinefilimosontdining 2@HBRGGT0f Hrmtula (1);

S/ conmpound/ TPBI / Li F/ Ca/ Ag. 5 WD 2008/ 069756

SG2006/ 00038 3 Ei gur. 1 is.Uvabsorbance
(QGRR17 B D BRI RIS Bt VO 5 REFERRIT R <ol ved
ITO/PHDOT PRS/PWK [d0P33ITPBIGHF/€alls, iveheRe theABPardfis Vdifous
phot ol um nescence of various conmpounds of fornmula (1)
corapewnds @f foymatd @hof ormy [0034] Figure 13 is a graph of
the phot ol um nescence of various conmpounds of fornula
me | ¢ [.12 tin

[(g:qﬁqr o}?%i%ln?ésj% rsﬂat ?Zﬁﬁgﬁ%f Fhvite@lithdhd Ednfftdlichddt ' NY
ITO/PEDOT:PSS/PVK:dopant/TPBI/LiF/Ca/Ag; ‘

[0028] Figure 7 is an I-V plot of devices with the configuration of
ITO/PEDOT:PSS/compound/TPBYLiF/Ca/Ag, where the compound is various

compounds of formula (I);

[0029] Figure 8 is a V-L plot of devices with the configuration of
ITO/PEDOT:PSS/compound/TPBI/LiF/Ca/Ag;

[0030] Figure 9 is a plot of external quantum efficiency vs luminance of
devices with the configuration of ITO/PEDOT:PSS/compound/TPBI/LiF/Ca/Ag;

and

[0031] Figure 10 is EL spectra of devices with a configuration of
ITO/PEDOT:PSS/compound/TPBI/LiF/Ca/Ag.
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contai ning the conpounds onto a quartz plate. DETAILED
DESCRI PTI ON [ 0035] Enbodi nents of conpounds of fornula
w@ bQostiesss | bed herein are el ectrol um nescent, POE&GR006000383
that these conpounds emt |ight when an el ectrica
ent . hrqugh them .Thus, these c nd
16852150, pletrd FER VAR o5 o S REnGmac] B BAS D
(B dissglved gndtlérofgm; ayer in an organic el ectronic
device. [0036] Certain organic conpounds are able to
é@gﬂuct phar%g,due to | nclusion of an extensive
[0933]e m Bigups Thissaraphyok the Phespuminessencerpfvarieus compounds
of IRALNEPmBALLd 6 QIREGHER, Or conjugated pi systens,
such as pol yaryl ene conpounds or pol yaryl enevi nyl ene

conpounds (e.g. poly(phenyl enevinylene)), have a set
[Qﬂ%i Fighes 13 sra grafh ofthe phétalunonescémne ofverieusteentbotitids

‘ ngt f the | ecul e.. Thes ext ended pi | ecul ar
of Ftblh @ mihGrd i E6d Sofig SIS ke SRR oo syt
chhthiningah€ 66mhpdids BhRVA @lgrt@?m@_el s across the nolecule
for transport of additiona el ectrons across the
nol ecul e when the nol ecule is placed under a voltage

DETAILED/BESCRIPAMINended pi orbitals can form

across a conductive organi ¢ conpound, each having
[@035]er dimbatiments wf eompolirels of fymub@) desciibel epdigard ar

rbital havin t he, | oyest ener | evel is often an
elgprpRAs I HeAgtE BrCHEH GPmPORI AL light tiapgRlecical
chr9éh3 14 passedahebRibh tiim. t TRES M RAMIAB AL Srel Wil RBSE o 2?35 2

an electron is being transported across the nol ecul e,

clpige Brnspet dayer ece Hehiemitiing laysy & 41 ongasicfeldcirenicdevice.
partially filled higher energy orbital to an unfilled

ar td i)l nhi.tal . If th .
[GY361°" (Cfale orhhic SBinpB s S50 ool Baeae b e fctpsion
ohaméxtendregystsmaifei bbmdsdn kimwneleenley Fhadis commpdiuhds Reth

vi si bl e %8§ctr%£1 t hese nol ecul.es are seen to emt
cerngHied of erraagates Risyiems, e aspelyaralong comperdsari nto a

DAL KDL SARSurdD (EE oyl IenBileADN HadE (B
motegnlge arbitalsdha owedasaidexydndrthatengthedthomolesulienjTdeteed

BRI R A o pelTLER Sl Bty e b,

elastr@d] Broeidt cARrRREWcfoss BRSHOIEEWS fdrrat BrO8F dddaibnaPT t
in a conposition containing the conductive oiganlc

clgefrons arioss the melpade when thearaleae miaded vadegavaliegobiss.ne

el 1SS form a,bound .
St e fURh BE bt T Ko, R Ao B R g gpmangpc
eazh dinging \diffstenttstroetupexarl dnexgylevels. The molecular orbital having

the lowest energy level is often an effective path for transport of extra electrons.

[0037] In order for these compounds to luminesce, as an electron is beiﬁg
transported across the molecule, one or more electrons must move from a filled or
partially filled higher energy orbital to an unfilled or partially filled lower energy
orbital. If the energy released by the electron as it passes from a high energy state

to a low energy state is in the visible spectrum, these molecules are seen to emit

light.

[0038]  Briefly, when a hole is injected into a conductive organic molecule, the
p .



an excited state to a | ower energy state. Dependi ng on

the wavel ength of the emtted energy, the energy nmay
wheosebessed as ultraviolet or visible Iight. PODSG1006/000383

The descri bed conmpounds are relatively small nol ecul es

en, _conpared.w th _organi c, pol rs, and can readi
G ECBIGePTBE RS ePOT oty RRYHSSY SR an g ocled
S SRAMRAhbRRule, [iPbecBXRIRL SN ; %ﬁgg& Nlcflﬁf%ﬁ(?ﬂ&é&ﬂé/cé?{

by crystallization from solu resulting in a
olftaimedn appopiteuahdrastirdm g edjagant imojeculearesulting éh ghasge tramsgort

.which is.relatively fre f unreacted starti.n

in oS Biog, FgRtef e s, eaPdycBYe oL melkeile AR Ertel e

eleaPAHAd ol @gandre€diaife whithd ¥he efilidsN@ 19¥er, fohiifie aiBuhlli Ng
| ayer in organic electronic devices may result in a

elgetyardlole Rair, thraredzan exgiteb Hig eansymihengrel When itrelaxs fom
oHLUE Sl OB SR BpiNEAHL nt BB TR

ciafttbdRabgy, the @nGpY iiayhg relegded as nlteavibléthu sisibsle lightbi pol ar
internms of charge transport. As ' a result, these

C ounds hav al anced, charge, tyansportin roperties

(GRS o desorod Bomenvisiiae tehtively R HPOET BRET 0 an
i oht . )

EREN Sl I Al Tty R PuBiFcl Ry o Khisdely high
degremfoblowingpreparatiore fior examate hysgolyyen derongibagaphydr by

sel ected so as,to cont.ol.th m SSi on vel engt. f
el SR par e e gop R0t SEHERE Bt fon o
pél9ien &dd Mhid i€ relfively fe€ofuittedM &l stiftig Yeapyntwahd

_respect to the nature of the Ar groups, the nunber of
intgrmgdistass Thusieclusien eftheseccopmponnds aseherge feansrorting or

-af .t . f Y :
OB s Pt bl PeREeR e o B e
longwelife spirharlfthat ipatoté efificnt incomuoefiutharye tfanspart.a (1) .

.[0042] As well, the conpounds of fornmula (1) have one

re._electron wthdraw n F QUPS i.ncorporate
4o Tty e ep e Bofl B oiRRAEhEhote
trhisPORRR b biBAs, Bh@RRE ta'feecﬁnﬁigolbf‘ﬁl t@ﬁﬁ@éﬁﬂhﬂ%e tﬁh(s)ﬁ(ﬁﬂSAs pne
of Ar6 and A’7 7 WO 2008/ 069756 PCT/ S&006/ 000383 and

 respit.i therglcoynpowrdsdiaverbalanastl charge sratspartang properties and thamare
ol EHEAG BE0URRh i B Yot B 8541 &

W ng one or
OgJEExtron wi t hdrawi ng group enhances el ectron injection
and transporting in the |ight em ssive |layer, which

e the device effi.ciency o

[@%Aﬁf&b ﬂlrféwfn%@ RS hfh @WS@%@W&W{?&%&@ tesgment
tHaPBROBNWIRigned and selected so as to control the emission wavelength of the
compound (labelled A in Figure 1). The segment defined by Ary, Ars, Ar, and Ars
may vary with respect to the nature of the Ar groups, the number of Ar groups,
and the nature of any substituents attached to one or more of the Ar groups. Each

of these factors helps to determine the emission wavelength of a particular

compound of formula (I).

[0042]  As well, the compounds of formula (I) have one or more electron
withdrawing groups incorporated (labelled B and B' in Figure 1), to provide
electron transporting properties to the compounds. At least one of Arg and Ary

7



[0043] These conpounds al so have a central tertiary

nitrogen, substituted with three Ar groups, Arl, Are
wae@spsEsqthis portion is |abelled Cin Fi gurePdi/SGI0G6/000383

the three Ar groups attached to the central nitrogen,

h t
580 e i) A AL SIS b R e
sui)ﬁi\f@tlesi inthtéll&troﬁ waihafiwife sulztif@ntyiw@epdrationooflunt ak more

of the conpound, thus faci Iltgl%d5 %fst he, holhe
electtpao\tlﬂldravang gmp@nhwa%ﬁlé?tfowlfﬁ@% peifige in the

ound VAN RS Whficiéty of
h&%*ggfgb*slsvsza}ieﬁ?%h@n}“%%f’?gﬁg tg rtgﬂ?e opeer ati oncél \S/IC?I t age
orgdiic li t%ﬁhﬁ@llgldevﬂaa/mcm@oraungﬂmsc atmpouridse conpounds of

ormula (1). [0044] The present conpounds are thus

[0p§hs) ThesechumgMsalic e p PR AcrTrs Hiplel siSiiftea with
thl%% dASJ ng?u}%nAn? d} SIAEA T, YL oriisn R latiéa Icethlgure rmt Ot the

erived froman aromati c conmpound by renoval
thmfe An@ouﬂgaﬂhadg@rto mmtralpmtrggqgm lpast é\érﬂ{j ricgngected to

ool s SO e (el MGebln ipfleBShE BEalS G o of the

gﬁ@@.@& f&ﬁnoleédﬂﬁ oAbyl enemp@mhaamnpm ﬂmsnfacﬂltamglme
kbone carbon atons, fromb5 to 60 backhone bon

hade tiestion mpdrheletinspriReRGHECIIhE FORD SFY

30 Rack &2 £ 1B ﬂ)@
de FHEOH & ?‘ﬂpﬁl U%a]talkln&f‘é?ly B aﬁ?%egbﬁggatlés%d he?éél nis
elactimnodad @ inceforEtngthe ectpainds défarmeth @x.om an

aromati ¢ conmpound by renoval of one hydr ogen atom An

AT, R S R

lﬁ In certain enbodi nents, the arylene group nay
ave from 5 to 100 backbone carbon atons, from5 to 60
backbone carbon atons, rom5 to 50- backpmge gar bon.
[0945Fs, In ﬁm@t@@o@@n@a@@@@é 28 BFHIrerein G aryFne 1SR 18 2
20_hac W1 &8¢
i Rlsfer R B EARRE e P arobdlE ChmfowlFb HeaRiN ST
hiro ﬁohmé Aherdmagicongonad immc}aho wempasndiering bt ed
wth a hetero atom 2008/ 06975
elp@wns@émm gondgteeey q%lﬁhtau%éf%tefghmé? 1g cepfpinggmbogiments,
J&E %%ﬁél}ﬂag hg{igff@m@touﬁ)@d)a%o%'e Ratb®n atbnd, Yo s gD
nore of the backbone carbon at ons has

kb epbaratdmsi ffom & thé) dackbane rrbor Aomsdfiag Ne ¥, s,

ba%kbone c?arbon atoms, or from 5 to 20 backbone carbon atoms.

[0046] An “aryl” group as used herein is a monovalent aromatic radical
derived from an aromatic compound by removal of one hydrogen atom. An
aromatic compound is a cyclic compound having 4n+2 pi electrons where n is an
integer equal to or greater than 0. In certain embodiments, the arylene group may
have from 5 to 100 backbone carbon atoms, from 5 to 60 backbone carbon atomis,
from 5 to 50'backbone carbon atoms, from 5 to 30 backbone carbon atoms, or

from 5 to 20 backbone carbon atoms.

[0047] A “heteroarylene” group as used herein is an arylene group in which

one or more of the backbone carbon atoms has been replaced with a hetero atom,
8



[0049] It will be appreciated that where a particul ar

Ar group is described as including an aryl ene or
wheienes7yé ene group, but where such an aryl eneP@r/SG2006/000383

het eroaryl ene occurs at an end of the nolecule and is

the particular group will be aryl or
mCED({J’ gjaﬁy? S]Foo?; exanple, if Ar6 is described as
i ncluding an aryl ene or heteroarylene group and s is
[0@48]t heA “hbterdaey]rigroal adnseddreneip is amarf/Pgr6yip invwhichione bude

mp of It BPoRS CRON TSRS BPUP e T REIERAEY rat o
indidnINO (grp_ncl ude an arylene or heteroaryl ene
aqr ou%. ’ Fbgg\é\%ﬁ

A "vinylene" group as used herein is the
bi val ent radical represented by the fornula -CHCH.
[0048]51] It Avill betapwyua@déhat grhsra? pasticd alARioBD As d@cmlvfé as

| ent _r adi {
o 70 o Rl B 5 s el 85 B, =G
hefed@yland yccufs AAAn @AY bf Gk atflecul@dndaik ylopioealgiitotha tha

het eroaryl group, a_heteroaryl ene graoup, an aryl group
paﬁwlaagrouadylid@mmrﬂ%ﬂemlg f)éﬁﬁx é? Jif Ayd iggle e‘} as an
o) ERE A UR AORLARIEE A5G ARSI MR s vy

in ﬁﬂ;‘éﬁ mnhnclxlud‘@/dlﬁaml oxgremnqmrﬂ greup} (vaviged it iswdtdoedgd ora

et er oar ene a acent vin en rou
gy @OUeF 0 G g R ey B Koot B kg Sene
orﬂéﬂeﬁﬁ?ﬁéneegﬂawyl ene group (“aryl ethynylene"), an

ary ene group and an adj acent et hynyl ene group
"aryl ene ethynylene ), a heteroaryl %roup and an
11

loa@q)]acem“ Enyihgney igeave aguseshharein s e bavalent radion) Fgpressatesl

ene group and an adjacent ethynylene

byg@%§5“‘§' eggérylene et hynyl ene"). [0053] An "al kyl "

group as used herein refers to a branched or
[005D)y anAhe‘dthyﬁplleﬁel’agreuli ashysdd hemirbis theybivalpnt tadicalng 1 to

18 carhon_atons. arly, an "al kyl ene" group as
reprexsateddpehn foraruls 3 ff!a branched or unbranched

bi val ent hydrocarbon group, having 1 to 18 carbon
095%]”5 This, Md éyrrﬂ)%l YRS Sk QPRbrbingblels 3ReriI036 A6 Br%DGroup,
[ SGQOS%/OO 383 al kenyl and. aIkeﬁ%ﬁEneQare t he
anraexdpm:mu@ a lesterpartybgroup.radrisrafiaene gHanpb A allyk gtoup and an

s bl (AR PR 0 Al MG R R ©
vnlri]}ﬂér&egrb %@‘afﬁér[&wﬁﬁén@?),rmmt@d@hgroap dndiny adjedent vinylene

drocarbon radical that cqontains one or_nore tri pl e
grm({beteroaryl vinylene”), a heteroarylene group and an adjacent vinylene

group (“heteroarylene vinylene™), an aryl group and an adjacent ethynylene group

(“aryl ethynylene™), an arylene group and an adjacent ethynylene group (“arylene
‘ ethynylene”), a heteroaryl group and an adjacent ethynylene group (“heteroaryl
ethynylene”), or a heteroarylene group and an adjacent ethynylene group
(“heteroarylene ethynylene”).

[0053] An “alkyl” group as used herein refers to a branched or unbranched
monovalent hydrocarbon group, having 1 to 18 carbon atoms. Similarly, an
“alkylene” group as used herein refers to a branched or unbranched bivalent

hydrocarbon group, having 1 to 18 carbon atoms. It will be understood that

9



[0054] Thus, in one aspect there is provided a
conpound of formula (1): r(Ar7) (Ar3)mN (Ar2)n
W@ 2008p6976Ar 1) p (1) N x(Ar4)/ (Ar5)y [0055] InPa:Trsczooﬁ/ooosss
above fornmula (I), each of Art, Are and Ara is
i ndependent an .aryl ene h s
st APes e Bt Fpp e NP ap: SrORhPRR N pRflent
hy: Hfd&ﬁlb%ﬁ %adi&aﬁ’ Wit céitaint yhesemeteionyleboadgamihat akymyl and
heteroaryl ene et hynyl ene group any_of which may be
allfymytene aresthi sqspcqtnwe éeristior wmeneyalem Ak Bivalept yfpratbosy

ched. al k unbranched het er oal kyl ,
ra%?%r@ﬁé:an%ws g H %lrr?c?) g@%ﬁﬂ%@%y |, branched or
unbranched het er oal kenyl , branched or unbranched
[08bKY Ny Thus, i emcdspekt mlnerel rst{rrawdbcbai ccbmp@mdatﬂfylmwla (D:

branched or anc heteroaryl
group. [0056% %otl 0 I“y, g&%{%)i( one o? Are and Ara
may be mdependently subs |tut ed with one or nore

el ectron w t hdraw ng substﬁ'hlnents An "ehectron

W t hdrawi ng substituent” i$ a substitue that has a

tendency to pull electrongn_away fromthe backbone of
the group on which i ')s;sub iakyt ed, towards the
substituent, creatiny an el ectron-rich regi on at or

t I1E .rEl t - M
1O858L | 5RO bl i dE20, Al W AR ticpendently an
arGRING 920%b; aﬁétaﬂﬁ)@rylerﬁr‘gﬂmm an arylérreoyinyl bacogrelp; ashﬁtefrgmylene
amdo linked to t ckbonethrq1 h t h]g f’f&ﬁ’ﬁn
vipyhene|gioupign W@%ﬁfg\wﬁﬁﬁw FOPRRF 12, e?q‘i‘? PYEP§ prynyiene
gr%ﬁﬁ‘dﬂngzo?ar ehﬁlggy bé bRt é‘dbstlﬁlféaqpﬁh oﬁ@&@ﬁl)reldf branched or

odinents, at | east one of Ara and Ara
uniiﬁmfmhe& aliyD beanchiédadrkupbfangledsreyéronlkyl, br@nsléﬂdt qrappegnched

I ment e 9 |aIkIquo e
a1§e ﬂ;r 3 p}' E&I@.@F%ﬂgterqa 68¥]h a%B%er (Ig'glut)isanched alkynyl,
2RI T BAbANncIRAUR B allEYiS1, dRghcAs®or rbipichsdalkoxy, aryl and
9,9-di al kyl fluorenyl ene. In yet other particular

hanmadﬂgmmps each -of Ara and Ara conprises
9, 9-di hexyl fl uorenyl ene. In yet other particular 10 WO

/0 IF9Q3 ds&agh of
58 PRI 6 SR EPRC O BT
sUbRti tultlL 7l oﬁmm;iomcuonmthdrmxpg euhstibrests. [A00 CtIEar: h
vq(a:f@fl@rwg%gég}}d é’@égn ”?s a|1 sul sP t%re]%etﬂ f}és ten%reXéyetrc])%u fetéond

away from the backbone of the group on which it is substituted, towards the
substituent, creating an electron-rich region at or near the substituent. Electron-
withdrawing substituents include halo, perfluoroatkyl, carbonyl, carboxyl, cyano,
ammonio, nitro, thionyl, sulfonyl, amido linked to the backbone through the
oxygen, pyridinium, phosphonium, pyridyl,, thiazolyl, oxadiazolyl and triazolyl
groups.

[0057] In particular embodiments, at least one of Ar, and Ar; comprises 9,9-
dialkylfluorenylene. In par.ticular, embodiments, the 9,9-dialkylfluroenylene is
9,9-dihexylfluorenylene. In other particular embodiments, each of Ary and Ar;
comprises 9,9-dialkylfluorenylene. In yet other particular embodiments, each of

Ar, and Ar; comprises 9,9-dihexylfluorenylene. In yet other particular
10



group; an arylene vinylene group; a heteroaryl ene

vi nyl ene group; an arylene ethynylene group; or a
whedoenease | ene et hynyl ene group; any of which PEISG&E06/000383

further substituted with one or nore of. branched or

PSSt B L5 ot BRERRRRES o o

unbranched het er oal kenyl, branched or unbranched
[Qﬂ5@]nylmpiaﬁmutdnedlbodimdmtﬁpmpﬁlpﬁén}ﬂaie‘?r oal kynyl,
branched or unbranched al koxy, aryl and heteroaryl

4P 0 T e R Gy S Py in
S BS1RE v ne Ho i A FERRI o AR BB e |
ciiypdend granp;, or Algtesoatylend euhwylbmae opp; mmaldfwhlch may be

Al R MR s oahedor wbmadien aon ramsaed

obawfﬁmmed hé&reRukR, thﬁlcﬁbd 608 Hanchad Qﬁéﬁ&l tﬁ‘QﬁHPl%& B?d to
t he backbone t rou h t he oxygen,

u‘@‘ﬁ?’éﬁW eqemal}qenylpbmghqﬂl orawbranébnckﬁglzmmbrar{ohg@ o yI n

t Ar5.1s

AT IOR VR e bR o2 e

gla)u;i Asﬁlenisom:klehw/e fcﬁr&@ﬁﬁihalw &roepIWItEin AQ’Qbf attlefteRiifal

nore of the pairs of Arl and Ar2; Arl an "Ara; Are

Aﬁﬁ@uﬂr"ﬁill CApRriseen agybor hgterognyliguapn as aprpsed fo amlenAes may
hagmmgggggcted betmeen the two Ar groups in the pair

via a single bond or via a linking group including O,

S, Si, branched or unbranched, substituted or

[0960] bs tFurtherstpre, aink i eves obAnn Anethdokrs nrHyrterpltiedally

sybst it ut ed | d
inHBL ) 8 Qo R it P 31T A E S AP PR b Ao
ccmeae«t whebadkbene Girawsh. thd Aitgenh, tcatokyl RRncAR! RGhat ed

r exanple where Ar4 or Ars is connected to
ba&h ?ff?égf ey gen b anylrrapbthl,iteignds fusylapyrolal #dwi | |

cap@azﬁlalyl val ent group rather than nonoval ent. For
exanpl

‘e, if Ard is connected to Arl by a linking
0%roup, then Ar4 would be for exanple an aryl ene group
[008ther In particedar anlycbduglemsmt ldast oviel df Zal, and Abgis phenyl. In

ated. t ,
oo Rimod Moo foch @ Ao Rk St ur bt woon

any tmo of the possible Ar groups. For exanple, if 11
[0062P 00 BLABS e, Bﬁ[blﬁﬁ%%@o@%@@fthé{phu@&ﬂﬂaﬁd%? A
e

| i nked, and if and are both hen either o

anf ATt 384 AﬁayAIbémi Arsk dd sl Atat prest Anfand s ma& bgr oups.
coftfiect€d Detwhdn ths tWe ﬁ'gpém%s 511;'&1 pqpr Wa et1 Ql?lgle%ond or via a linking

group including O, S, Si, branched or unbranched, substituted or unsubstituted
alkylene, branched or unbranched, substituted or unsubstituted alkenylene,
branched or unbrancﬁed, substituted or unsubstituted alkynylene, as a connecting
group. Thus, it will be appreciated that for example where Ar or Ars is connected
to another Ar group, then the particular Ar4 or Ars will be a bivalent group rather

| than monovalent. For example, if Aty is connected to Ar?l by a linking group, then
Ary would be for example an arylene group rather than an aryl group. It will also
be appreciated that where any of m, n, p, 1, s, X or y is greater than 1, then the

linking may occur between any two of the possible Ar groups. For example, if
11



the Arl groups may be linked to one or nore of the Are
groups. [0063] In particular enbodi nents, Ar4 and Ars

war@soantrect ed to each other by a single bondPCT/8G2006/000383
parti cuI ar enbodi ments, each of Ar4 and Ar5 is

ene
EXkeRe 805, o Aod ERuio, TGRS G AP0t i
be'lﬁhﬂi@tpﬁﬁéi@l@i bﬁ/thé ArAglisd) €A gwellyit ispobsiblerthe mydre tiean one of
group; an aryl ene vinyl ene grou a heteroaryl ene
they Anydrevies 193 ml%?ﬂ tappe @W@Ofeé% ﬁg‘h Q2eHB8URS oup: or a
het er oaryl ene et hynyI ene group; any of which may be

[oéﬁgﬁt | ﬁgé okt ﬁn&gs MR, Sn@hrs 26 BHENRERAW Ll g d

ranched het er oal kyl, branched
a siglelbéiida rmtpadmlak en&)bdlntﬁnwm ciriachfats embAais pbenylene and

het er oal ken ranched, or_unbr an al kynyl ,
Aty i AR GPRSKI5A dn P R e %&‘ff br anched or
unbranched al koxy, aryl and heteroaryl group. As

[006@} I OE%h SR 8nd 7A9F istiRddPeRRIntlan @fyerrsgrabg; b ttotodiylene
Are, the termnal Ar group wll conprise an aryl or
grhm,en@asrlwe yndewe agunmda%@aw@na WWY&%’@ gipup; an arylene

1;%&%, eroar gr&f%h%t%pggﬁ ?E%H%I a@‘of\?ﬁ%ﬁ

suB&thed wlﬁh Giehs drebg daraMchéﬂ cmmbm:nched aiky]l, bmtnchmi or
wi t hdrawi ng substituents.

0066 I
unmma@dawergaw Bragihid reinbraone dkABhSETBH Bhprbsshed
froa g&g}f por%{cﬁlgr 8 of intHhRBa SDRY Bféh&%d"@rhﬁbﬁﬁ&le@f mor e

aw ng substit uents so as to have a
hdt@aaikm:ﬂ lirancfhed eptnlyancied nkoxycirdonddstergarprarael-adent

el fiientor FLEER AT 207 SeeHEbia e O Rep i il A 55
wil &brRB=f %f}*l Gt BEtbroAtyl GFSUPRS - OPEI) fAld Qﬁflerwotr heliesoatyigne.

substi tuents include hal o, per uoroalkyl car bonyl ,
car boxyl, cyano anmoni o, nitro, th|o ug&ﬁﬂx Ar
[0&1@5&0 IAddiceanally %iﬁ@sw@wé&%ea@%ugﬁnﬁ etmlb Wi ng
i din | I
o L0 T BRE DR Ay B b Vit bt

of an el ectron V\nthdravm ng Ar group to wthdraw
[0066Ft r dus“clédatomvatbdeivihi durgrowp” Aeferrioap eleshigs-deficimafids

an electron-wt ro mor e el -dense
sroRRA 8 A BEOUPTITG AP B iths PR
sublsfifa 8 \Wb Ao v kéidehdy t0-ac¥d ol BaEH eldctrols ROm Jtljfefd)
sem conductor, and thus nore able to transport

Aeprups alosg ﬂ@eha@klmne Foppxssnlemyidylsas.dipe)Yi§a&ups are
Reabae St 9&?23&%9%62%%%%@%?%2 r%'*&ﬁ’ﬁsaﬁéj Aot 1o
wltﬁ@ra%%ﬁib@@tu&ﬁs include halo, perfluoroalkyl, carbonyl, carboxyl, cyano,
ammonio, nitro, thionyl, sulfonyl, amido linked to the backbone through the
oxygen, pyridinium, phosphonium, pyridyl, thiazolyl, oxadiazolyl and triazolyl
groups.

[0067]  The ability of an electron withdrawing Ar group to withdraw electrons
from a neighbouring Ar group tends to make an electron-withdrawing Ar group
more electron-dense than a neighbouring Ar group that is not electron- -
withdrawing, similar to n-type maferials used in a Si semiconductor, and thus

more able to transport electrons. Generally, electron-withdrawing groups are
12



as to pull electrons fromthe backbone toward the
substituent. [0068] In certain enbodi nents, at | east

W@n®8069786 6 or Are is substituted with one orP@D8&2006/000383
el ectron mﬁthdramﬁng substituents, wherein an el ectron

it tit d hal -
efur D At Ao Stk o T oo SR Adiagnt o thehagkhoge so

a§ttol ull elédtoRs fom &6 bh&bshe towird@ thel sup¥ffedt0 t he backbone
t hrough t he oxygen, pyridi.nium phosphonium pyridyl,

thIaZOHé oxadi azol yl and triazolyl groups. [0069]
[9968]er (Tnicartaintsamodaninis, ableast one of dheordirs i Bibstituidavitts

R RS A B e 0"
su[h'stltuant ineludestydlo, Iiei’ﬂhmﬁ(ydlkylﬁhdrmm,}darboat/k ¥Yano, ammonio,
i ”°r§$h§$§m i ke i the aﬂ%ﬁ'@ §§§wgvﬂrt?% S
Aigin, photnohighe %giliﬁﬁ%"‘é@ct A A RS AEUR,

or b| val ent, any of groups may be elther nmonoval ent
[Q069] veln@mtam@ewedmnamgs ohleast enc ofidepdr Amisvimeon midneofthe

ccurs i.n e »as.described
reflofie 85 P, B relEe SRR PG BRA R E P aBRY Fiohe
cRMOchitroatarbdlyahRayl, RepRinyU RIS, fdifudrEaRYINAIREX P %ﬂ; on
of the conpound as entering into the center of e Ar
aryteag yinileng; orgrylsae ethiynylane pod éy an intagesfom Miorfd. | t
wi ||l be appreciated that such depiction is intended to

000 ©S ekl bR prbdia ' ' AR ﬁ;gs
[ attached % 0 %Sé)rr en%?ﬂ{%l%% icéﬁang???ﬁe 9 obue}fa)V %ry
depitsehel atheanmnavaieﬂta)b bivappns iahy ofi ginps tway be eigherl3 WO
2008/ 069 CI/.SG2006/ 000383 - -~ rRLN R g "N
mSROVETNPF DRALeRD (oREITEAGD (PE RpExtyp B G\ DEAT rOuprbecriSn
thB cBmBourkd, aBd«%ane@abdv\é.\ AsNvdN, BB oNKR cDinPlohhdy abd
depicted with the bond that attaches the group to the remaining portion of the
compound as entering into the center of the Ar group ring, either at an atom or
across a bond. It will be appreciated that such depiction is intended to represent
that the particular Ar group may be attached to the remaining portion of the

compound by a bond at any available position on the ring.
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NRLS,NN,NNNNRR)q(R{ \ 0S (Ryg\ / \(Rg

/I IN/ Rg NI g N9 N (RN (Rq~ /1711 - (Rqgl (R
WO2008/0605N \ g N ~ N RO g (Rqg\ ( R q \ //PCRSG2006/000383

fINR N [0071] Each of n, p S, X andy is

|mdﬁpendemn|y an \_RQt eger fron11 t As %
_Q%d ders 0 dtnﬁé %_ )a
betweén 1 t range f
mnthln 1 to 20 s ch as ftor exanp , fro to 15“F/
from1l to 10 or froml to 5, or fromlO to 15 or from

10 to 20. any one of m n, p, ,xor |sR
€ q th ne, thg

i£'>he rel e gr ¢ (for
exanpl e Ar or r) chosen | pendent or ea h N
Ay qr oup. F0v -xanple erer

occurrencelofl that
5, each of 5 Ar7 gy oups iss en I ndgpendent

fromthe remaining 4 Are groups/, 14 WD 2 069756
PCT/ SG2006/ 000383 [0072] In particul ar Erboffi nents,

at |least one of Ar6 and Ar7 is phenyl, 4-
tr| fl uoronet h%l phenyl 2- napht h)ﬂ 3-b zot@l ophe I,

th
n r N;KN _%;:EF_
R' R'
(R)
N Q S
(R@ (R) % \“ \ (F%—E)— (R%q—E/>—
S
(Ret )~ (el [ )— (& : \ “r
%_Eg %_@:/ %TEIN% (#Ej[;— (R I \N/N—R

[0071] Eachofm,n,p,rt,s,x and yis independently an integer from 1 to 20.
As such, it should be understood that each of m, n, p, 1, s, x and y can be any
number between 1 to 20 and any range within 1 to 20, such as for example, from 1
to 15, from 1 to 10 or from 1 to 5, or from 10 to 15 or from 10 to 20. If any one of
m, n, p, 1, s, X or y is greater than one, then the relevant Ar group (for example Ary
for r) is chosen independently for each occurrence of that Ar group. For example,
where r is 5, each of the 5 Ar; groups is chosen independently from the remaining
4 Ary groups. -
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di hexyl fl uorenyl, pyrenyl, 9-phenyl carbazolyl,

4- cyanophenyl or 7-(4'-
weyasogienyl ) - 9, 9-di hexyl fl uorenyl. | n parti cuP@r/SG2006/000383

enbodi nents, Ar6 and Are are the same, and both are

|, 4-trif] t hyl | . 2-naphthyl . 3-
ISER L e sl SRRERAR, RGO one SRR A 13 ehsphdy |
uﬁ)ﬂ!ucﬁﬂmbthy@hem,ellﬁhplﬂh}b,al-jﬁbﬁ‘iothiéﬁ)liéY@D 9ﬂéiﬁﬁﬁirergﬂl 9,9-

7- (4' - cyanopheny| ?}@% 9-di hexyl fluorenyl. [0073] In
dihexylfluotenyl, ByisBH: Hwherylcapazoiyd, hrempphebor A(4-and Ara

dYh . 2
fEpRakD-o P-dhA I . (SR tOHhARE (L InPhS ape
ﬂmiqsagieleaﬂn?wtt; aﬁpfhemﬁmﬁiﬂu?bﬁemﬁ)hsgﬁmﬁﬁ?ﬁbﬁ h are

e -l oro enyl, 2-na ,
b%ﬂﬁ%ﬂt‘iﬂﬂoaﬁ%ﬁw re EE%‘%@EF@%PYF@; gienyl, 9-
p%ﬂ?%ﬁ%%ﬁl?ﬁ?%@g@%ﬁ%ﬁ&ﬁ—@’%y%tﬁi%ﬁﬁ?—b,@%ﬁé%‘lﬂuorenyl.

cyanophenyl ) -9, 9-di hexyl fl uorenyl, and each of m n,
[Qj{?i}] . dn partighlar ymbediments] Aoi7i4 phatdyenerpound Arpére both

fqor: I e synt hesi.zed US] st andar d rgani c

o2 R, 5 BEE R (i phEM e SR Tomea D

eschidiledelbg asynpléBGids ArfRehan SdtheahRe 864 boMlard phdnygur e 2

and in the Exigl es as set out below. For exanple,
enye

triforemethylph ranbhuied benzotipenhean, phenantipmyl, £59-

i ' i tj ' 1, the
B bR ol BB, L bR BHE Uk
cyapopheny))-%, editekplfluneepyh endi sgdh dfen, |, pkr, s woarat pixel. i ¢

functional groups. [0075] As stated above, conpounds
ormyla (1) can he rified by standard nethods,
1741 e S nb i BBt I b Suhesrsd bstne Padiv
ofiga@idIs§atheid @BhniqiRi KaoWaGH HeHHE SERD1 ¢ WRitaIe syhthesis

skilled person will readily be ablé to apply such
meghaaksisauR st LBt inHEzwe Fpmd i thedixamples s aet(qut belaint. For

el e MR SE4 Pk oL 0078k 5B AR Hice i
- arparomesis hingne. tAwsseld thoGriggartl @6acHoRAHE Siiddreattich 4ddi the
fziﬁ%}m cont ai ni ng the conmpounds. Thus, in one aspect
Syankt eouping Feaghiefeeray be Mol toilink twe ppmaticdynetionshgroupt of
formula (1). [0077] The thin filmis a thin |ayer
0D758] ai NsNGhtéd SRVBOHASD ) Ne
[for?nad tSo l;[e in the oroglg(riggg%glﬁw@g%? %ﬁ%ﬁ?ﬂggﬁam
mgihods, sueht 45 cokumn ehromatoigraphy br by castllizalion from tohiti,

Stp YRR o Solv Rl sEEa BB sbi il gy e 2hle 5 apply s
teERlq 2O O/ ORP3BRds dfE0hS]la (IP,&vifﬂbhﬁ'niﬁia_l FOURRY cffBAL I N
ot her conponents. For exanple, the thin

[0076]  The compounds as described herein are suitable for solution
processing, thus allowing for production of a thin film containing the compounds.
Thus, in one aspect there is provided a thin film comprising a compound of

formula (I).

[0077]  The thin film is a thin layer containing a compound of formula (1),
which may be formed to be in the order of from about 0.1 to about 1000 nm thick,
from about 1 to about 500 nm thick, from about 5 to about 250 nm thick, or from

about 5 to about 100 nm thick.
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filmmy conprise a host material such as a conductive
organic chemcal, and a conpound of formula (1). The

whomB/oeseri al may be for exanple poly(9- PCT/SG2006/000383
Vi nyI car bazol e) (PVK) 4,4' -N, N -di car bazol e- bi phenyl

IG78Y ., Pl ol Bong i) R4 A FpORRS o DR, (LT
ﬁﬂmtnhgyl q@lnqmsb h@ﬁlst]lnatbmlr\llfsel\irayhs?j a éogﬁuct;ﬂ&f bdfic CHdRkkal, and a
coan? pmg}ﬁg% dfyrgﬁh qt\pgl)l ?na?frl% for example poly(9-

Vet 00, B O e ARkl A Y ATk
carb @@e)mmﬁBYM(rm TeTay Nd\y’l-aphmlm hlsjhenzen e

G SRR A e mmmthyn-NN -

di@hemmhene-wpmﬁrmz} rdﬁﬁﬁdéf em' 4" RALON RLAPRASE Hnb R ©
aci d) ‘nflé" | enedi oxyt'hi ophene)
trfi@rﬂwde@trw(ﬁ" Tfrab i @p‘{rhts(ﬂhphe am)blemzease (BDABRYS 5-

ey BEb R s BRI e (TR, Trbfben, proaTA)

BFREM), p-dmDPS, p-DPA-TDAB, MTBDAB SFHO -mTTB, DBC, pol (1 4
3- pheny ene) bIS 5-[4 X

d |
pl&ﬁ”ﬁ‘??‘ﬁ‘?}ﬁ h%bzg@beiﬂ&@r%l]lq b,(@yrpglesy}fomc acid), poly(3 4- -

etH%'eeﬁegld%g(nsgm C?{Ilgé%@) %xﬁ%q&%f X%l ?}%}W%Aﬁ?lgamﬁn -phenyl
i e s ekt ey
1§ar9§(gﬁlﬁl s BRI :é[O((fl‘; %pgﬁ,gge(lﬁ-abﬁnyéﬁgs}hw[idé “(blo1 to
ﬁié&tyﬂetﬁ?yl%eﬁﬂ% (d)@@&@]or ﬁbl?r iRk &9a&ﬁslevm)eﬁ12§héﬂ%&1ﬁ i ifl4m

I Se npound

be?ﬁtﬂ@n@(gl%dﬂdAk% AlgGlags ANSaph-is AlEPDB)3g Rh2Bq,dAEBEr)2,
B BRI ke Bp, BB IETTL L LS SUoh 2

2,3,6,7-tetrahydro- 1 H, 5H, 11H- [ 1] benzo- pyrano[ 6, 7, 8- j
[0pa 9] nolThg iratioldf-thekost B th2-compound of formula (I) may be from

ab"%ﬂf@d&b%ﬂ%& ﬂ@ﬂéﬁ' et hyl am no) - 2H 1- benzopyr an- 2- one |

2-t-butyl - 6(1177tetrarrethy|ju|o|idy| 9-enyl)-4Hp
[098e] ( RGEHR)ively HRE B8 ﬁhﬁ
K may comp(g.e gl wg und of form Iar({)l%s

(di cyanorret hyl ene) 2-t-butyl am ROSE y

a h%r—mﬁgma ardpeAyPfurthgr cqumpanmhwdm)phsspﬁmmsm hyl -
h clo
R e R R PR SRR TS AR
2 ﬁﬁydbﬁahyﬂi‘b-élﬂ ﬂHH{}]Bm%@r%g@¢Bﬁﬂhﬁ%llzm 11-one, 3-(2-
race acryl oyll%% 4-di'one ( AAAP),
beBZ 1p5ﬁ n@ﬂ\{ WOpm-Zt@lm(ﬂwsmcowliﬂene)
Z-Méfﬁﬁ%p@@/ ’P%%I%%thyljulohdyl 9-enyl)-4H-pyran (DCJTB), rubrene, 4-
(dicyanomethylene)-2-t—butyl—6-(p-diphenylaminostyryl)-4H-pyran (DCTP), 3-
(dicyanomethylene)-5,5-dimethy1—1-[(4—dimethylami‘no)styryl] cyclohexene
(DCDDC), 6-methyl-3-[3-(1,1,6,6-tetramethyl-10-0x0-2,3,5,6-tetrahydro-
1H,4H,10H-11-o0xa-3a-azabenzo[de]- ‘
anthracen-9-yl)acryloyl]pyran-2,4-dione (AAAP), 6,13-diphenylpentacene (DPP)

and
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3- (N-phenyl - N-p-tol yl am no) - 9- (N-p-styryl phenyl -N-p-to
| yl am no) peryl ene [ (PPA) (PSA) Pe-1],

wa 2@8/06H766/ano- substi t ut ed bi s-styryl napht hal enBCT/SG2006/000383
derivative (BSN), or phosphor.escent em' tters such as '

STt SRR btk Bt B berie

@M)Péq Nt 1°-@ etb%bétﬁutfedg
abozt 1 FOGS ﬁle thin fil mgﬁyﬁﬁpﬂtﬂ%ﬁﬁ%g&gﬁgge

(BNY, &b pbowbb@scmt emitters sih ARJtQIEP, dr(ppy)s o ihbisdeviyatiese,
i ncluding quartz, glass, mca, a plastic substrate
a I t rbonat e
91, 1B B ERRLESRALARL B el PG ROHR e
emawnsaﬂommbomam@tmertd@weirl then formng a nultilayered
devi ce, or ont o an el ectrode. [0083] To form the thin

d f f |
144820 c oHoREnRIS e Béorﬁ{eglé&a\ﬁélaglﬂ S, i dc'étlé%g@ﬁﬁw
scﬂf& éﬁ%@ttrate SfHélh@llﬂk %uﬁ@i ‘gfdgé $nich, '&%lé’s@i% sERNtREOG R T

tol uene, xyl ene, ‘et hyl” benzoat
pquithzleae t@cphalmaiatc popelyeareonate] HFperdmcﬂal or sitisorz eBlee thin

ne and xture f the aforesaid vents. .
5 B R AR bR e MR Rra R s TRl Fevice,
oﬁ@ﬂtﬁaﬁeldd&bd’@ standard deposition or coating nethods
i ncluding solution coating. Solution coating includes

spi_n coating,_ casting, mcrogravure coating, gravure
[Q,@i’ﬂ. ngLo fosm the thin Al the epmpoumeiof fermuls 1y anchanycasiditiong]

fith @oﬁ?ﬁ%%n‘ﬂsgrp?§ BE As PR 1hr§1%u1t§rﬁlé ﬁ%ﬁg{b@oﬂeﬁ{] gs%{albfeéggvg]nts

print set printing an printin
inthele cblvpaforndstobfené, crytenk zetliyl beanditd, A 12,2 itétrachbosdtizine] ng

Tglllé @?P%F%%%%i@ﬁn% y&%\% %@ﬁXﬁﬁfﬁﬁaﬁ %tggsﬂﬂlsglveméyer

and rmultilayer devices. The conpounds of formula (1)

[0084]t hiThefthinBim ©aPbetdned of u@hnmmm%sﬂgxtahew the
emsswelayer in an or%gnlc lig em tting diode,
?H‘?éltlélétoif v@atmaymth@ciﬁ igglu ga@lubom maﬁm& Seiutioaseatingor or

1n§ h}fgat %gﬁa{étlpg(%1%g9£v%?{$o%ugg %ﬁ%g Egét@g%sz[rdzag%r}g,

evi ces ers-are nown
ro'l]lmtlng, Iwigelar oo atires ﬂq;iﬁoatllﬁg] 8pryicdatiig) ¥érd@tprentiigy fleso

E ound of formula (1) or a thin film
%P Ffﬁ%ﬂa@% UBROY% nul a (1).  [0087] In one
enbodl ment, with-reference to Figure 3, device 300

ri o cof oﬁﬁﬁsso?"f&%ldlélé’l%nc?’&x% SRAPEInEiRige ugPMPound
of ormul a . stated above, 17 WO 2008%069756

cqzmqus@mslo@@e@s@ copstiust elveirdlmylmeS@llOdms]esf chuding single
la&&m H%"?ulalar}]/grs&ev?c%ts.e rl“he corhEou% s(,j o{" formu a(I) an% thin films

containing such compounds may form the emissive layer in an organic light

emitting diode, the active layer in an organic thin film transistor or the active layer

in an organic photovoltaic cell. Such devices and layers are known in the art.

[0086] Thus, in another aspect, there is provided a device comprising a

compound of formula (I) or a thin film comprising a compound of formula ().

[0087] In one embodiment, with reference to Figure 3, device 300 comprises

an emissive layer 310 comprising a compound of formula (I). As stated above,
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compound of formula (). [0088] Em ssive layer 310 is

di sposed between an el ectron injecting cathode 320
w@nwsme416é e i nj ecti ng anode 330. [0089] The anpdESGB06/000383

is any material capable of conducting hol es and

ectln emintp organic, | rs. . Anode. 330 joay be
68’6 siye layqt 3 E hﬂﬁﬁ?rdﬁa{l@ 2 h%si%%e“(a dzhtbqn tg 6ﬁ1%uct ive
cpmbmmoﬂfamlgaﬂhe anode 320 may be r ef | ective,
transparent, sem -transparent or translucent. [0090]
9&§gode 320 is any material capable of conducting
[QO8&Y; | ogEmissie layeﬁji‘é@ﬁs w@pqs%hwﬁ%awlg@mrmeam gathode

vaork function netal or netal
3§?%H@Qﬁ?%§& iﬁ%@, gor exanpl e, barium calcium

magnesi um i ndium aluninum ytterbium a calcium
[€089]er aﬂ"h@modalﬁﬁlmmymauehaltdapahh afd:mylucturghcﬂes and

um .silver aIon C | e an, al ] oy
P S st Bvendy mad i et boir SR Byt
oﬁﬂ@%l’l‘d—)%ﬂc&@ﬁct@ve&%lyrﬁ%yé% (51 ﬁidd@BZUV'ﬁ?‘aryQ)etrQﬂectwe
atomc ratio of lithrumto alum numis about O. 00
trapspatssli semi-gangparenkpiiratslugent. (2002) Curr. Appl. Phys.
2(4) 335-338; Cha et al (2004) Synth. Met. 143(1): 97;

et a{;%@&’é’ﬁ%o @éﬂg .lﬁlat%\lﬁtl szp]aﬁlé:(o%' o0 c%%g)elect-ggfesl?ﬁg

ode er or ave
1Igbat1mgtt]nﬂm mté?atgmndﬁajﬂéﬁl Cadiodo3nWr hmagbe ayer sroaf fdnbtlbh um

fl yoride Iunl d silver. -The cathode 330 may be
metal P ket afloy, rnaﬁg%agﬁﬁf exanmyleyb a‘flwangaé@rl@nmasmsmm
iddi@h Silﬁkﬁﬁ bn, viB@h, 4 h1GEH Ql\)@:r Qﬁ@hﬁlgn%?ﬁuﬂ{adlogh

more of the anode and the cat ho eposite
opa magwmm 8l allhy,cuchras; fdnmxampfmealbmherem the atomic

T TG TG

afohB tabloe FNEHiIMAED lafunsiutistis At 0 EXATRb @owf0.5:1 6 {18heet al.
franspar ent sem -tr ansparent or t ransl ucent

(Z00BL Ery drrh Rbysuded): 3|§ét33§r haeital (306 Stk dMet. 143(1): 97;
I [
KEd'eY I«llmZﬁgéf) éStyeBzoMett ?115 _4})“929‘39%'1'1 czﬁﬂ&?e B.ﬁ); AM)EBQ % sﬁg ean d

terep pol yolet'i ns suc pr
lqyeﬂ gerdtalw h enmponﬁ stawltuies Cat}h@dl@lil'cﬂll mhjb BTmpméeﬁftﬁd’td of lithium
ignitrile, po acrylonitrile, polystyrenes,

B niup) gy %lé(gf 510&6 30 meu depeiisriae.dranieaenis
Séﬁﬁﬁ%@ﬁ&@&hy%gﬁgha¥ﬁene [0092] The device may
conprise further additional |ayers. In one

enbodi nent, as depicted in Figure 4, the device 400 is
[00913r ganinsetthigrembadimertngne 08mae OlibeAIBR28E the cathode

%/ §¢%% 964 81’(1) g?s’l%)’port 340, which may be transparent, semi-transparent or

translucent. Support 340 may be rigid, for example quartz or glass, or may be a
flexible polymeric substrate. Examples of flexible transparent semi-transparent or
translucent substrates include, but are not limited to, polyimides,
polytetrafluoroethylenes, polyethylene tereph;thalates, polyolefins such as
polypfopylene and polyethylene, polyafnides, polyacrylonitrile and
polyacrionitrile, polymethacrylonitrile, polystyrenes, polyvinyl chloride, and
fluorinated polymers such as polytetrafluoroethylene.

[0092] The device may comprise further additional layers. In one

embodiment, as depicted in Figure 4, the device 400 is an organic light emitting
18



di ode (OLED). [0093] Thus, device 400, in addition to

em ssive |ayer 410, device 400 includes anode 420 and
W@ 2008065556130. [ 0094] Di sposed bet ween anode 42BCEHSGE2006/000383

em ssive |ayer 410, device 400 includes a hole

i ng layer 440. The hole transporting |ayer
dyfgqégﬁp |ses a hole transporting material, which is

any material that can transport holes from the anode

[G09B]i nt oThine devites400) &n hdditon 1bldhissdis Tagik! 41 0hadvece 400

tra spor(%&% materials include for exanple a m xture
‘{l? dpAgrdadeddkyt hi ophene) and

poly(styrenesulfonlc acid), or may be pol yanili ne.

[AGPA5] Didpeidl de¥wedd AABEE420Y 'iggvé ﬁ%{z&fﬂ‘@ﬁeﬁ@éﬁﬁﬁ

i ncl'uded between anode 420 and ansporting
inclyfdes a4aly. trasspating jayet 440g Theyhele #8Gponimgiayee 44 corhpliges

o Rl ERSRPEE 1 srRO R myercbs) camrapspart holes from
tHefdn()&b 820 iﬁ&i@ﬂe%hhéshm@j?ét'ﬁm Bﬁlta{b_fé:ﬁ&b transportlng materials

N - di phenyl -N, N -bi s( pheny
1@1uq§|f%@qqm e X tugs Qjﬂﬁoh@ ,@q@%}lenedloxyﬂuophene) and

pgi}" Mﬁ%&% @8‘3§5}3 rlna|'§ by plyagiline; o (NPB), TDATA,

TDAB, TDAPB, TTBND, PPD, PTDATA, BFA-1T, p-dnDPS,
[QDQE]’A— TDAﬁl;ioﬂ\iﬂl]B,D@B)le &geﬁﬁrgﬁﬂ'yléBASO PBE be included between

AT E N
h@l’@%nﬁ&lﬂg‘}ﬁzﬁleﬁé‘l §slay Q,Q; ANNelIRGH 981 tYi %99%%13#}94 hayser

di Sposed between’ em’ssi ve | ayer

tri{Ait-¢esrzoedmiphen ydanine {TET ADIHBOY idlpi'@nyl-H)l@ rbid0

S T AL IS

d@ﬁéﬁ;@dg ABphbmy1t4) - Ehins R (WP B); aMBATAlQDAEE EOOAPB, TTBND,
anSﬁortln ma terials are known to a skilled per son

P%HdPT AT ST -UF prdmORS, 9(BPATRRABXYGRINBI mx)o-mTTB

DB o I LRI LB D A

dédivatimes. m dazol e], 3- phenyl
4(1' napt hyl ) - 5- phenyl 4 triazole (TAZ),

d
["kr?gﬁw e ‘3‘%5?%‘?‘19 thay ?Iitl aHV nstuds anelRpipp HaRsROrting leves 45
@%os@@ b¥tvdef midAR%ayer 418 hAY Lk REMbYL @3@’ ﬂieétron transporting
@I ene(CNPP), AI'Qg, Al q(d q)2, Al(Saph-q),
amr( P BIPTISPFBL ec@f@pmazmm@mp@nalam isany @[aze)lﬁl that

T N L T
transporting materials are known to a skilled person and include aluminum tris(8-
hydroxyquinoline), 2-(4-biphenyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole and
2,2°,27’<(1,3,5-benzenetriyl)tris-[ 1-phenyl-1H-benzimidazole], 3-phenyl-
4(1’napthyl)-5-phenyl-1,2,4-triazole (TAZ), 1,3,4-oxadiazole,2,2'-(1,3-
phenylene)bis[5-[4-(1,1-dimethylethyl)phenyl]] (OXD-7) or poly[2-(6-cyano-6-
methyl)heptyloxy-1,4- phenylene(CNPP), AlOq, Alq(Clq)2, Al(Saph-q),
Al(ODZ)3, Ph2Bq, Zn(BIZ)2, Bepp2, Bebq2, Zn(ODZ)2, spiro-PBD, or BMB-
3T.

[0097] Each of the above layers may be for example, from about 01. nm to
19



WD 2008/ 069756 PCT/ S&006/ 000383 about 200 nmthick

or fromabout 10 rimto about 100 nmthick. [0098]
wews0697400 may optionally include a hol e bl ocRCTI§G2006/000383

| ayer 460 betmeen the em ssive | ayer 410 and the

abgr,gtgblgd f@%&) rt l 3@ n}ﬁhto alﬁ%upfd P B anlsqp(r)]?t : %er

| ayer 450 and the cat hode 430, if present in device
[0698) [ 00R9]ce@00 13! dpYiondllieinetitié & helebjodding oD 460vi ces

befgperie GIEHIE BT HLRTS (R PERo Sy A7 D 0
bl%cihkgrg)(ﬁ(l?c[%er' 460'i$ 4 +se§ bEh bR ftle él{}groh%ﬂd%ﬁﬁé 1a9tr 4300andThe

mat er | prevents charges from diffusing
camd»tleaﬁo,tmpreeentsscﬂawecdcﬁmer but the hol e bl ocking
mat eri al has a sufficiently low electron barrier to

10PaEy ousirenfils g RERAGRy F DR geRGs M be BRGIEANY,
in @baggg 1161% bld&Rin. a§§4 MHMo v BeinEin (¥ 30 23p Pt ular

The hol e bl ocki ng | ayer 460 caonpri ses hol e

theﬂrgaklsrifgpllﬁmdeth&tathe HQMQée‘{ﬂl@ meﬁ)glmlﬁpeen&n@t%a PIEKERR
t

tng RhfgRaecis g Ff of B Dty By WhHAlockiBl majerizl

ha(@ ggglfﬁ@éigﬂlgylo& e;ﬁalctrbﬁ Es@h emllov@elbﬁrmsmm p? dhrphiothehotre

. Typically, hole in ayer

bl ot lier SRoiE e TRTER BYE I%%Ffé%mﬂée@%ﬁ@ngy tve
l e of about nmto about 30 nm

6?%%%60%@\%?@@0}88% y optionally i ncI ude an el ectron

injecting layer 470 disposed inmedi at el y bef ore .t he
[ooaonbde Tstholdbleckihg tayeod#6l mxmnsemghola\}a dqckipggmaterial.

t {
AR E T RRE, 21 KPP e TG 1y Ay FOuie Y
xtaﬁﬁ)lé: athggieedh3, 1-QipRbSaLlr, IU-lplidhaﬁtﬁﬁﬁi’nél(B@PD aykt, 34550
El ectron i njecting materials are kn

waiehenyd peemeaplognacna Rk, ot el bfacking ever 40
|
i it i B cldohl sl 1% A0 i) %@ﬁﬁ?‘ﬁﬁ‘%ﬁ%

xmqhesmioluesnidmrabmeonﬂm ckness of the cathode 430 or
of the adjacent electron transporting Iayer 450 and

ave_a .thi ess for,exa

[0@3&]? Bevigg 4%@0%’% llwl}cﬁﬂ% iec?rga an ec 1n%il T 1188

\%f(?’se@ ‘ﬁnﬂﬁ@ﬁ%@ B&oRNthé BAAEEE 430, TheURASH inj eétﬂ@lﬁ)ﬁr 478

be appreci ated, the device may be prepared %

caoprises amglectzon inj ectmg material, which is any material that can efficiently
transfer electrons from the cathode 430 to electron transporting layer 450.
Electron injecting materials are known to a person skilled in the art and include,
for example, lithium fluoride or lithium fluoride/aluminium. The electron
injecting layer 470 generally may have a thickness much smaller than the
thickness of the cathode 430 or of the adjacent electron transporting layer 450 and

may have a thickness for example of about 0.5 nm to about 5.0 nm.

[00102]  As with device 300, device 400 may be deposited or formed on a
support.

[00103]  As will be appreciated, the device may be prepared by combining
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WD 2008/ 069756 PCT/ SG2006/ 000383 different |ayers in

di fferent ways, and other |ayers not specifically
walemsneded or depicted in device 400 may al soP@ESG2006/000383

present. [00104] As well, it wll be appreciated that

S T SRy R R A

depiated podévicuu0labay gs®be plgergonpounds of formula (1),
t hese conpounds maybe ound in other layers in the

C ibe |ces For exa a conmpound of fornula
[quef"‘{la W L tgpld b eaprzrﬁ@afgﬁ thed agagterial may servermere tham e

t ) ting
oS Esta SR OmbO Sl PR SR ATRATROR
trameplotithe rdibve oéﬁler comphineds oeftfonméaelb, these cofupauidsimay be

£ 4F Bt =Sk 12t Sibetl i i eamblyes SOBRPRYES -
fERRROUhaP bodstiturl] orlelo} as AP éQthirthFe RN MRRbbARE

devi ces may be prepared by layering the relevant
layesy oF thehedttep tishspamiinglaperher . The | ayers may be

pr epared by nmethods known in the art, including

(e} a o | ut ] on

[GNG81 | O TRRRt el R BBHES AL ?%&?@deac{% ON8s in wRlcH b
leastroms jolfi @ Ihele tsampbraﬁg ldyor, an exasypledayediedle Blockimgeiyedasd

Al ternativel | ayers maybe prepared_ by thernal
anglg r’a?%ﬁo%‘r“g%@’e@S%BﬁﬁeaéﬁB@PPP%Off%@éllal(Dc | ayers

may be prepared by known techniques, such as, for

[coqo6p! €, Tﬁ$ﬁfﬁ@méﬁ'ﬁo§é@d‘éﬁ&@ nRSYDRYAPY R} Iang |\%:>the

chem cal - vapour deposition or “sputterind.
rel@yeniizyers as topefonesmothas | Berlayagnayibe prepmosidncmethhif)
a Bruke

R e 48 Botylite SRAPE Bt e s etiohed aos, o

Séletionowitinglstiph afag be EMpjed d%t nl ifke bfddsphéraieh ds, for
Matri x- Assr sted Laser Desorption/lonization

XA, (O mmtjﬁgen(gmuﬁt@woe rsipay; be Arepatied by dirraiahed

L T e

teclomqusst sdhas, far anq:ds tRGAE] sreflestmin-mamnavdpbmation, ehibinival
with a Waters 29 hot odi ode array detector.

VaROpE dePoFiioR ot s HE calorinetry (DSC) was carried
out under nitrogen on a TA Instrunment DSC 2920 nodul e

EXaopnESg rate of 20C/ min). Thermal gravinmetric
analysis (TGA) was carried out using a TA |Instrunment

[0"6@'67?050 Iﬂ%ﬁ‘ﬂlﬁelﬁﬁ‘@@&dlébg a?ﬁ@cmoxfesc%ﬁgcé Mkd spdetislwete
coﬁgpttgq? ggibir;plgén H@ (Ie\/hliglsepnectronv\gtres uglr?; c}?l:)romefoms rc]1 az:r;
solvent and tetramethylsilane (TMS) as an internal standard. Matrix-Assisted
Laser Desorption/Ionization Time-Of-Flight (MALDI-TOF) mass spectra were
obtained on a Bruker Autoflex TOF/TOF instrument. High Performance Liquid
Chromatography (HPLC) was conducted on a Waters 2695 separation module
combined with a Waters 2996 photodiode array detector. Differential scanning
calorimetry (DSC) was carried out under nitrogen on a TA Instrument DSC 2920
module (scanning rate of 20°C/min). Thermal gravimetric analysis (TGA) was
‘carried out using a TA Instrument TGA 2050 module (heating rate of 20°C /min).
Cyclic voltammetry (CV) experiments were performed on an Autolab potentiostat
21



21 WD 2008/ 069756 PCT/ SG2006/ 000383 (nodel PGSTAT30).
Al'l CV neasurenents were recorded in dichloronethane
wWaaok/oen736 M t et r abut yl anmoni um hexaf | uor ophos pPeit/8Gz96/000383
supporting electrolyte (scan rate of 50 nV/s) using a
1 in
e R LTS, W e b e ok BER ] ADuIoRRThe "
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el ect rg § gduneasured fntl al s C nvert ed to
(sogpseate gh o0 M BLPER Rl oRl © Epyefiguration
coﬁsg tﬁ%stﬂ‘a’b?ééfg?n{ Qe FRIkRR cRELEIY, W 3bld &duﬁaer BRAr&dLahd £N
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[00110] Synthesis of 4-(2-bromo-9,9-dihexyl-9H-fluoren-7-yl)
benzonitrile: 4-(2-bromo-9,9-dihexyl-9H-fluoren-7-yl) benzohitrile was prepared
through the following procedure. A mixture of 2,7-dibromo-9,9-dihexyl-9H-
fluorene (0.985 g, 2 mmol), 4-cyanophenylboronic acid (0.146 g, 1 mmol), and
tetrakis(triphenylphosphine) palladium (11.6 mg, 0.01 mmol) were added to an

air-free two-phase mixture of toluene (25 mL) and aqueous 2M Na,COs solution
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tetrakis(tri phenyl phosphine) palladium (11.6 ng, 0.01
mol ) were added to an air-free two-phase m xture of
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fluorene (17.26 g, 32 mmol), copper (I) oxide (2.29 g, 16 mmol) and (A) (2.07 g,
8 mmol ) in 1-phenoxybenzene was heated to 210°C in an oil béth for 24 h under
N, atmosphere. The reaction mixture was cooled to room temperature and then
filtered to remove excess copper complex. The filtrate was evaporated to dryness
and passed through a silica gel column to give product, yielding 4.35 g (50%). 'H
NMR (400 MHz, CDCl;): é (ppm) 8.190-8.171 (d, J = 7.7 Hz, 2H), 7.625-7.605
(d, J = 8.0 Hz, 2H), 7.531-7.440 (m, 12H), 7.351-7.263 (m, 6H), 7.175-7.157 (d, J

= 7.6 Hz, 2H), 1.936-1.898 (m, 8H), 1.174-1.109 (m, 24H), 0.810-0.776 (t, I = 7.2
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mé]@b?@% 'H NMR (400 MHz, CDCl3): 8 (ppm) 8.154 (d, 2H), 7. 675 (m, 8H),
7.578 (m, 6H), 7.479 (m, 10H), 7.358 (m, 4H), 7.251(m, 4H), 1.977 (m,8H),
1.092(m, 24H), 0.763 (m, 20H). M'S (MALDI): m/z = 1074.79 (calcd. for
CgoHgeN3:1074.68). Anal. Found: C, 89.03; H, 8.05, N, 2.73 (caled.: C, 89.34; H,
8.06; N, 2.60).

[00115] Synthesis of compound 2: A mixture of (B) (0.162 g, 0.15 mmol),
4-trifluoromethylphenylboronic acid (0.6 mmol), and tetrakis(triphenylphosphine)

palladium (3.4mg, 0.003 mmol) were added to an air-free two-phase mixture of
24



1.092(m 24H), 0.763 (m 20H). M5 (MALDI): mz
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[00117] Synthesis of compound 4: A mixture of (B) (0.162 g, 0.15 mmol),
3-benzothiophenylboronic acid (0.6 mmol), and tetrakis(triphenylphosphine)
palladium (3.4mg, 0.003 mmol) were added to an air-free two-phase mixture of
toluene (15 mL) and an aqueous 2M Na,COj3 solution (12 mL). The resulting
mixture was vigourously stirred under argon atmosphere at 110 °C for 24 hours.
The organic layer was separated and the aqueous phase was extracted with ether.

The organic layers were washed with brine (2 x 50 mL), and dried with anhydrous
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(calcd.: C 89.90; H 7.72; N 2.38). [00117]
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[00119] Synthesis of compound 6: A mixture of (C) (0.176g, 0.15mm01),
2-bromo-9,9-dihexylfluorene (0.6mmol), and tetrakis(triphenylphosphine)
palladium (3.4mg, 0.003 mmol) were added to an air-free two-phase mixture of
toluene (15 mL) and an aqueous 2M Na,COjs solution (12 mL). The resulting
mixture was vigourously stirred under argon atmosphere at 110 °C for 24 hours.

The organic layer was separated and the aqueous phase was extracted with ether.
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(m 8H), 7.458 (m 6H), 7.248 (m 6H), 1.979 (in, 8H),
1.147 (m 24H), 0.866 (m 8H), 0.793 (m 12H). M
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[00121] Synthesis of compound 8: A mixture of (C) (0.176g, 0.15mmol),
9-(4-bromophenyl)carbazole (0.6mmol), and tetrakis(triphenylphosphine)
palladium (3.4mg, 0.003 mmol) were added to an air-free two-phase mixture of
toluene (15 mL) and an aqueous 2M Na,COj solution (12 mL). The resulting
mixture was vigourously stirred under argon atmosphere at 110 °C for 24 hours.
The organic layer was separated and the aqueous phase was extracted with ether.

The organic layers were washed with brine (2 x 50 mL), and dried with anhydrous
MgSOy. The solvent was evaporated and the residue passed through a silica-gel
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(m 6H, 7.381 (m 2H), 7.308 (m 4H), 2.005 (m 8H),
1.169 (m 24H), 0.905 (m 8H), 0.806 (t, 12H). M
W@ kaRDMEY7S6 Mz = 1323.92 (cal cd. for PCT/SG2006/000383
ClooH94N2: 1323. 74) . Anal . Found: C, 90.65; H, 7.02, N,
7.16;

éy T SIS TR T 0

jaSjHaal o/ 9 G(HTI@{
t et raki so%ts?lﬁ ﬁm\/ﬁ{hos hi neCb %&Iﬁg@?ﬁ 4y ?g%g

4Heol.§924er,d 0 8l G-8.43h (la; 18H)l; éélﬁ \(\blﬂﬁhﬁeo% (m, §FR, bi34

3SR R PHNERIES TR RGNS st ?Peé“

O{@H%N@[m%t AegphaurR: at 84.18, 1€ 7.01, N34 .9puhrd.: C1B88.85; H
organi c |l ayer was separ ated and the aqueous phase Was

Tdt Na3P8d with ether. The organic |ayers were washed
with brine (2 x 50 nL), and dried w th anhydrous

USERA, TSSOl Y oBIEAB L SHEIE 52 615,
4%@@@]{]&1@%&&& (Ocﬁ)llnmuh), afd tbﬂraklg(tnjbhqnytphoqﬂlmm)u nd 8
g ST o T b e RIS P

tc(lﬂri’neneqw mLz ?ﬁ% %1% ueoﬂWM Ma @% sﬁ[ﬁtloﬁqtﬁ mLj: ’ﬁH@reZulﬂﬁé

ngxteye Wk WS@(rmlSlQ Sﬂﬂ)red WQG( Mgamlaymosnhqre ﬂt 1m§’¢ f962 balur@d
4H1L00NA: 1404, 79 und: C
T8 a1l 85 b £ ne s RIS Epded iy e
Tho 8dz2R]c 15y e washbd a@mnme (10%°) so/fnm), ¥hdidgedith Bhhydrous
0.162 g, 0.15 nmol) %anophenylboronlc acid (0.6

4) Th%ﬁ*ﬂi"@éi“@élﬂ’@{%&"?‘b pesisistiapsest thigugh a ailigangel
o It e e
watkl aNaé’lG:GB 8394, 6T NMR (400 MH), CIDIGEs) 1 &Eppht)isniy2 (dj xrﬁ); 7&758as

ahoftip 56 e 2. HRE 6 oEh, TS PEG AT ARt b fdchian

2Hhey. m%ﬁowﬁ),mmqnyvaﬂ)em@(iﬁem Wi b5 ﬁhh%H) OHSS m,
ofgani ¢ | ayers weré washed W th brl S and

20H).&dS MAtL% ptro L4 Mp@aed. fvh@sﬁbmehu%@?é Anal Found:

AT AR 500 S S el A BN S8 e B0t nea by

recrystallization in heptane wth a yield of 87% 1H
[00423]1400 MyitheSPOOL 3)mpBurd mr)A &uliﬁfe dﬂatC) ZGH)I 768 0738amot),
7.683 (d, 2 534 (s, 2H),
r%@%e‘h -08411)0;1311911351)5%9%%}/ orenP (Q Ir(rml) @H)i 7.198 (m
te%@m(tﬁpl?&?d&%plﬁﬁg) paftafl8m (8 Mng26idbs ngngﬁ Qe added to an air-
free two-phase mixture of toluene (15 mL) and an aqueous 2M Na,COj3 solution
(12 mL). The resulting mixture was vigourously stirred under argon atmosphere at
110°C for 24 hours. The organic layer was separated and the aqueous phase was
extracted with ether. The organic layers were washed with brine (2 x 50 mL), and
dried with anhydrous MgSO,. The solvent was evaporated and the residue passed
through a silica-gel column. 0.160 g of pure compbund 10 were obtained by
recrystallization in heptane with a yield of 60%. "H NMR (400 MHz, CDCl;): 6
(ppm) 8.183-8.163 (d, /= 8.0 Hz, 2H), 7.843-7.824 (4, J= 7.6 Hz, 4H), 7.777-
7.745 (m, 10H), 7.707-7.582 (m, 14H), 7.527-7.506 (d, J = 8.4 Hz, 2H), 7.460-
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20H). M5 (MALDI): mz = 1124.76 (calcd. for

C82H84MN4: 1124.67). Anal. Found: C, 87.34; H 7.33, N,
wG2@8/0608 cd.: C, 87.50; H, 7.52; N, 4.98). [0RARSE2006/000383

Synt hesi s of conmpound 10: A mixture of (C (0.176g,

3 VY 8957 T bl ) B2 FF. BRI ol 2317210
(c(,Q M‘Hz)ZIgaQQON(ﬁt I &), (114 éﬁham mmsbe@mpﬂiﬁ)a@cum

were ad to'an air- free

W(@%Mﬁmﬂﬂ@ﬁb ddppribl 2ediiS, 1 35502.)1 53209 akP 1akHi6e biEIFm

R AR R AR N IR RS Ry

13@93424313958 813177‘16 m&m ¢2ds aysgnzmwsma:foa ez8.866] t he
eous phas er. The organic

1%9@ 42812 m@m@dlm H? Ea}f? 8%4 (129%7&011&%56 bhd08%r i ed
@7 23! Qr%%évﬁg%gs &1 759] ¥610URS, & %’49"2%%‘? %‘i‘ﬁg
cal um. 60

resi asse hrough™a SI| ica- ge
14. 3&9 Mswmmpomm# 10892 (a:abﬂt foir O HpyN4:1789.17). Anal

PRI ﬁégl lﬁéaé %%3? 1 gl gﬁp &Tygéqlgsgégﬂgs? :‘@60?— 8.0

Hz, 2H), 7.843-7.824 (d, J—76HZ 4H), 7.777- 7.745

[d(mza%OH) D%vﬁ@?aﬂméﬁl%n(zﬁid rﬁ@ﬁﬂhrerﬁeﬁ@%t & dflievites Bavd
60 28 WD 2008/ 069756 PCT/ S&006/ 000383

beemmbnqaﬁqw evalugypd basedmg thel follpwigg gorHiguratign,
7.343-7.293 (m 4H), 7.231-7.210 (d, J= 8.4 Hz, 2H),
(m 48H), 0.800-0.755 (m 40H).
[‘i%"g‘}’?r\l @Sﬁékﬁéﬁ" 13): 8 (ppm) 153.075, 152.502,
ITIYPEDOTESS/BVK : d dpent AXBI/LiFACa/269; 1.246 688e rdédind27,

141,. 578, 140.618, 140, 239, 39. 780, 138.2 934,
elilﬁﬁn@@@ani@’i’m?i’ﬁndsl@@%ﬁa (] Sgithepedss despped sboreh g

S E ORI VR gt e 4%‘%9%%%@?@%1’“%2%

filtered ti@ougia 02 nmPTE A terIOr dB3ce AUciGBidn. 24. 237,
22.884, 14.339. M5 (MALDI): mz = 1789 42 (cal cd for

T1a"( dbf babeerttingfiices Wertfilpaniq o Badiped bttty

oiaav (H@)foabtred @hisk Qubsahids. MERSUBRARRterd mmetmﬁ tedated with
devi ces have been fabricated and eval uat ed based on

- oxygenlasms g grivoierieguridt sGam of polyth-etipiencdioxytionhene)

f
B e G R B s S R
120°C imyaint foe 35 retnl as descrl bed above) and 60 ny
pol y(9-vi nyI car bazol e) (PVK) were dissolved in 4 nml of

[(ﬁ r b? 2 and 03}5%%315?%% ﬁgtnh rc(c))aﬁ%gJ to forfnzthgng]mﬁ:clirﬁgE layer
with a thickness of about 70 nm and transferred into a chamber under vacuum of
1x10° Pa. A 40 nm 1,3,5-tris(phenyl-2-benzimidazolyl)benzene (TPBI) was
deposited onto the surface of the emitting layer for electron injection and hole

blocking.

[00128] The cathode was composed of 0.4 nm LiF, 20 nm Ca and 200 nm

Ag, which were thermal deposited sequentially.

[00129] All the measurements were carried out in air at room temperature.

The current—voltage, current-luminance characteristics of the devices were
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[00126] The light-emtting devices were prepared on

patterned indiumtin
WG 2iIsN6HtES.

W th

S

3,.4-¢
g 2

oxide (I TO coated glass
The substrates were cl eaned and tPEEHS€&ZH06/000383
oxygen plasma and spin-coated with 50 nm of

rebbeY e E e ERay o eyl bt 3550 g

spRbtra WeRGedddddd With 8 ObBarOPtics GHB20U0 mihiatine! ¥R bptic

solutions were spin-coated to formthe emtting |ayer
spactrometer. ffhe Rhetometic datwerereloghatediesing ewesnérvoliegent o a
1.x 10-5 Pa. A 40 urn

chanber

und

it A€ iy AT R Rt Y She

is yEAnmagZe
1?’1%1!1 I
cc{a rga?ronn?&énper at ure.

i bl

r Blgpres Sraad 0ep &Y 1V deplgisil
t'he neasurenents were carried out
The current voltage,

‘ fi?ﬁl%eg'zol yl ) benzene (TPBI) was
deposited onto the surface of the emtting |ayer for
[08130] r on Thy &sideqerfandarttelof detibexcdontaning 0OhAGInd§Heo 10
_ cat hode was conposed of 0.4 urn_LiF,__20 nm

and 200
chgs:o
in air

TGHE GoSmpTh AEUREeBME BEl BT itadie il LRI B RS

comBigungtiey A2420 source meter and a cal i brated

phot odi ode. EL spectra were recorded with an Ccean
Opti cs, USBZ0O0OU m nj at ur ber. opt]i tfrpmeg.er
Compoyih | ohey i | pliage ferle Mgt CBITAt elilaﬁ-iﬁﬁ fuw b CIE
cur r ent -\ vél (vade-100wtinifanc Effl g¢diapnd E(%¥pedt r@angf [ he (x,y)
devi ces.| [00130] TRe devjice perforjmance of |devi ces
cort-arfrthg—conpoutas—1—to—10—+s summarized 1T Tab[ e
1. 1Fi qurles5.5 and 69Are |-V amf V-1| pl 328 ofl ddgfces 0df60, 0.085
congfiguratien |A Tahle L. Sumwpry of {bg deviggg 0.180, 0.131
per-formagnce ofconpound i to t0 withdevicT
codfi gurlat$dn |A Cobfound Turl2! Vollt agh84t Nux 43¢yt 0.155,0.089
Mayg. EQE XepEL ClEggon (IV) 1065 cd/Im2 Ebs. (jcd/sA) ($90.151,0.106
m (XTY) 1549411252 12426 U, 160, [0.0 P
53 104 1643 12 20100 o 18075 135 898 & o' 333 o} 01570009
1.84 434 05455, 0.1089 4/ 5.6.8. 9 1] 5515493 [44239. 151,205, 0.158
v ]"70() ] 65.3 4 ° 8.'973 U 99 1453‘73 0. 157’1.99' 039 440 0.150, 0.108
8 6.1 9.8 0.99 1.18 436 0.163,0.110
9 5.1 8.5 2.49 -2.30 448 0.152,0.148
10 53 9.6 3.50 3.40 446 0.178,0.160
[00131] Configuration B {TO/PEDOT:PSS/light emitting

molecules/TPBI/LiF/Ca/Ag):

[00132]

60 mg of light emitting molecules, synthesized as described above,

were dissolved in 4 ml of ethyl benzoate and filtered through a 0.2 mm PTFE

filter for device fabrication.

[00133]

The light-emitting devices were prepared on patterned indium tin

oxide (ITO) coated glass substrates. The substrates were cleaned and treated with

oxygen plasma and spin-coated with 50 nm of poly(3,4-ethylenedioxythiophene)
(PEDOT) doped with poly(styrenesulfonic acid) (PSS), followed by drying at

120°C in air for 15 min.
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6 5.9 10.0 1.71 1.64 432 0.205, 0.158 7 5.9 9.9 1.57
1.97 440 0.150, 0.108 8 6.1 9.8 0.99 1.18 436 0. 163,

WO2®806979% 5.1 8.5 2.49 -2.30 448 0. 152, 0. 148 PADS&2086/000383
9.6 3.50 3.40 446 0.178, 0.160 [00131] Configuration

(62881 o< RS e B el oOb i s gt gfpm e

erBfflidg laS}& Wil £ 18R ss @Bé‘libﬁ‘lf’ﬂ] %R And SrafldEeéd b ab@YRr

were dissolved in 4 m of ethyl benzoate and filtered

under M@FglhmaOfd ><20 TTRaPARE nof il 3 ris(Rhenpled-berzimidseolybbensane

The temttin
30135k S| 0 P B K RGP SRR on
aﬁmﬂébmbﬁgg_ The substrates were cl eaned and treated
with oxygen plasma and spin-coated with 50 nm of

R UL PO G
SRR ity 10 200 oo

nol ecul ar sol utions were spin-coated to formthe
[0014i36] i ng Thﬁ/@&VlW penfoamatdeci{ e visesfonidining Cmpﬂlmdérido 10

t f h
is ﬁi{%nn%“?@ af’T%Q 515jl F‘?reg?bﬂﬂ‘iﬁ dlg{fba@ﬁ p&%\tf 8 % d?‘?%?gnz ene
cdnfigBlationes HgpeY kadlsrextchtl §ukidtaa @ ffidieddye s difntnah&gof
| ayer for_electron injection _and hole bl ockin

deviees 3% porfigarationib ard Reyre¥hdrpidtEbmpert of deyic ghazglgq m
nm Ag, which were thermal deposited
cogﬁ'(%ﬁ{éhgol al'ly. [00136] The devi ce perfornmance of

[ a | e
T4 £ SRSl 0RGe RERGHAARe o, frbdbuh s A WiACnd
canfigineasion & conf i gurat| on A. Figure 9 is a plot of
external quantum efficiency vs | um nance of devices

—of confiiguration_B and [Figure 10 [depi CTS Iig@fﬁ%:c”ao
Cogpenndes Hpr g Volaes #tgyr Maxohus: | TaMex 2 rly ©fF &)

devi ce | pardvyr|maine ed/a” qomen wadA)l (t OEQE W t lnslgviice

configuration B ound Turn- Val t%% at Max. CQurr.

Meo—2frem-EE Sy —
1 3.0 5.6 1.2 2.3 423 0.155, 0.070
2 3.3 4.9 1.9 1.8 446 0.152,0.137
3 2.8 4.8 1.7 24 434 0.147, 0.085
4 2.7 3.9 2.9 24 450/477 | 0.143,0.174
5 2.8 54 1.3 2.0 432 0.150, 0.084
6 35 6.5 1.3 2.0 433 0.151, 0.097
7 2.9 4.2 2.1 1.4 483 0.144, 0.215
8 34 5.5 0.9 1.2 436 0.162, 0.102
9 3.1 4.6 5.8 2.6 493 0.176, 0.397
10 3.0 5.1 9.1 5.1 492 0.144,0.279

[00137] Table 3 depicts the energy levels of compounds 1 to 10.

Table 3. Energy levels of light emitting materials compounds 1-10

Compound| 1 2 3 4 5 6 7 8 9 10

HOMO |-5.11-5.16 |-5.10 | -5.12 | -5.14 | -5.08 | -5.14 | -5.13| -5.17 | -5.03
(eV)
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on (V) 100 cd/n2 Eff. (cd/A) EQE (nm) 1 3.0 5.6 1.2
2.3 423 0.155, 0.070 2 3.3 4.9 1.9 1.8 446 0. 152,

WO2®8/p69736 2. 8 4.8 1.7 2.4 434 0.147, 0.085 4 PCWSG2086/000383

2.9 2.4 450/ 477 0.143, 0.174 528541320432

(O

0-150,-0-084—6-3. 565132943 567697

LUM6 2 -Z.-13 146 48332@ -Mél -g,m 52.18| 2.28 5210939 22.22
43670 162, 0.102 1 6 5.& 2.6(493 D. 1764, 0.397

T30 5. 1T 9 1 57 494 % 279 [OOL37] (Tabl'¢ 3
Brapigaps 2.6@ | R ;)2-90ev848§ o$-OQc UN@B6L | 2821375 AR
3(eBneri|gy | evel s|jof ljght jemttling mater|als conpounds

1-10 Conpound 1 2 3456 78 9 10 HOMO -5.11 -5.16
-5.10 -5.12 -5.14 -5.08 -5.14 -5.13 -5.17 -5.03 (eV)
[0%31 33%) 20084 %W&@d@ﬁfdoﬁ@&ﬁﬁ/ KO3 theLauyama mddifi¢htidhs

20 -2.31 -2.14 -2.18 -2.28 -2.21 -2.39 -2.22. (eV)
tosbm @gmplm@elbzd%e@s drycribedgherein gty @S@blezTh%mZe@tm 78
ra?he? ]1?1 k&b kP 890%%#0 stqllf:émh bR AR fvﬁﬁ’ﬁh Ry sc%lrﬂ@, Rlekih&d

art, Ications to the exenplary
bﬁﬂhmﬁmmﬁnts descrlbed herein are possible. The
invention, rather, is intended to enconpass all such

icati W|th|n|ts fined he
[Og’lngjrs 6@%@9‘]‘“‘%@ r‘?f?f&?ij?ﬁ??{{%%él? e{gﬁ%lamf’gmﬁagg%f’% are
refdtbAce. i ncorporated by reference. [00140] Although
vari ous enbodi nents of the invention are discl osed

her ei n, tg adapt ati ons and nodi fications mayhe made

[00148] n t hAltheugbhe arigns embodimenis ef thainyention des Hareedw t h
5, FRRTRORADS: By SUTACSAOR Bl AR PGt f i

inkativh i@ @ucorddnen indthf the camsnon general knowledge of those skilled in

this art. Such modifications include the substitution of known equivalents for any
aspect of the invention in order to achieve the same result in substantially the
same way. All technical and scientific terms used herein have the same meaning
as commonly understood by one of ordinary skill in the art of this invention,

unless defined otherwise.
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aspect of the invention in order to achieve the sane
result in substantially the sane way. Al technica
waras®ei7ent i fi c terms used herein have the sanRCTRGINN600383
as commonly understood by one of ordinary skill in the
IS ntion, unless defined otherw se. 32
.“&%&E%%gﬁggggggﬁ§CT/SG2006/000383 VWHAT IS CLAIMED | S:
1 A compound of formula (I): r(Ar7) (Ar3)mN (Ar2)n
1.( Ar 6Asondpbutid of Prtihih (DN X(Ar4)/ ~(Ar5)y wherein: each
of Arl, Are and Ara is independently aryl ene;
het er oaryl ene; aryl ene i nyl ene; teroaryl ene
vi nyl ene; arylénr’ethy/yé@ne;ﬁor ﬁgg@roa@“ 'ne
et hynyl ene, optionally substiluted with one or nore of
branched or unbranched al kyl(Arlsr anched or .unbr anched
het er oal kyl , branched or unbLanched al kenyt, branched
or unbranched het eroal kenyl, franched or unbranched
al kynyl , branched or un rqnGﬁe gFFroalkynyl,
branched or unbranched"af’koxy, ary! and heteroaryl ;.
each of Ar4 and Ar5 is independently aryl ene;
het ewherejn: ene; aryl ene vinyl ene; heteroaryl ene
vi nyl ene; aryl ene ethynyl ene; or heteroaryl ene

th , ti Ily.substjtuted, wit f
br it e An b S indepRidently i bt P e e rod
het ey@alek¥ hetd?b Reh@dingrene%preﬁ@edﬁ 18h& BP Héterdaraghed

or unbfanched heteroal kenyl,” branched or  unbranched
al kyefiynylenea aptinaally substivred with 9np et mosaeidrandhed or
branched or n che yl;
cre il S RARET el o) BobhR
het efistatuydhed elkegylyb@fiched\or tytbRActiedhetees dlednyl, dianched or

bt hy P TERbed SR rap s dbrnrhal N Y R eRbed O
br an .branched or unbranched
hete?%g%%%%?a%?gﬁgﬁggﬁg}é{uﬁ%ﬂénched al kenyl , branched

or unbranched heteroal kenyl, branched or
each of Ar, and Ars is independently arylene; heteroarylene; arylene

vinylene; heteroarylene vinylene; arylene ethynylene; or heteroarylene
ethynylene, optionally substituted with one or more of branched or
unbranched alkyl, branched or unbranched heteroalkyl, branched or
unbranched alkenyl, branched or unbranched heteroalkenyl, branched or
unbranched alkynyl, branched or unbranched heteroalkynyl, branched or
unbranched alkoxy, aryl and heteroaryl; ’

each of Arg and Ary is independently arylene; heteroarylene; arylene
vinylene; heteroarylene vinylene; arylene ethynylene; or heteroarylene
ethynylene, optibnally substituted with one or more of branched or
unbranched alkyl, branched or unbranched heteroalkyl, branched or
unbranched alkenyl, branched or unbranched heteroalkenyl, branched or
unbranched alkynyl, branched or unbranched heteroalkynyl, branched or
unbranched alkoxy, aryl and heteroaryl and at least one of Ars and Ar; is
an electron withdrawing Ar group, is substituted with one or more electron

withdrawing Substituents, or is both; and
33



unbranched al kynyl, branched or unbranched

het er oal kynyl, branched or unbranched al koxy, aryl
wa@pashet7e¢ oaryl and at | east one of Ar6 and ArFCT/SG20a61000383

el ectron withdrawing Ar group, is substituted with one

pot h i 3 B Sobmr Db BRI SO TS | Bl of

m n, p, r, s, x and y is independently an integer

21 omThe teomBbundof T ICahmentoiodkr gbapsint WS @i o
groups in at_|east one of the follomﬁn%ﬂfa
f@mvmg RairsAATT gibAR; A1 RdATANYR2 ANd ATarAr AR m@d

a@?%%f$ﬁ%5“$ﬁgc§&kmgﬁqo@&%.C e connected to each

e compound o aim1 wherein the two Ar
groups are connected to each other by a single bond,
30, SThSicompowndhsficidimt lewthereinthe tbs Ar gurups asd dopheted to4.

ctodeib ARG ApeiE o O:0F e o bRt ey

substituted with one or nore el ectron w thdraw ng

4s ubstihk éempsundof ah@né @ﬂa@iﬁm f 3 Ahyrelg 16dst GAPANBrolp
to 4 wherein at | east one group of Arl, Ard4 and

ofAL ansi fMa erwémed@m&y %Ibﬁisttlﬁefl u\fl@donm qr QA Elegtrompithdiging

éﬁ ﬁ% am no, hydroxyl, am do connected to the
one through the nitrogen, carboxyl connected to

t he backbone through the oxygen, phenyl, naphthyl,

5t hi efﬂhb coﬂ'npoqdd, of apy one b tlammdl wed Wwherelnydt ledst omhisr group

of A2 At gra s o indissngndi SbShuse deconse raree pppy RS,
afnlilﬁa hﬁl{iﬂoﬁﬁ 51191do, dénhedRditoRh&IbaRkBoi® tirdugh thd mﬁfogen B&%o%
NN O( NN NM /N RR

cmneRtedz\to mer@xkhqnmtmmuglmhﬂ/ovcygenl\mhmyhmanhthyl thienyl, furyl,
pyrrolyl and carbazolyl.

6. The compound of any one of claims 1 to 5 wherein at least one Ar group

of Arg or Ar; comprises one or more of the following;:

_4g;§___~g;§__ —j:ﬁL— —4£i>4R% —{Ej>ks%—{§j>kah

g g gel

R
S R R R R
R R R>_<R A >={ >_< .Q:ﬁ%

N>/—\< N N/ \N N N % ;
; ;a; N N NN

R Rll Rm
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RN NN NN/N SO WRR R 34 W 2008/ 069756

PCT/ SG006/ 000383 R g\ gN "Rg\ \ (Rg/ iNIR(R4A N
WOReeRPy9756-Rg | ~Rg (Rg \ (RQ\ NNR N R N RPCTEGER06/000383

(Rg\NNR N R wherein each of RR, R, R' and R"" is

i ndependently hal o, cyano, Ritro, carbonyl, thionyl,

sul phonyl , al kyl, perfluorgal kyl, al koxy aryI

‘ar Vi ey or @ thyny and s\ an
( ery Tl 0_o- und ﬁ%‘ %ng—gf\l

cl ai 1 to 6 wherein ehc he at | east one

el ectron w thdrawi ng substituent is independently

hal o, perfluoroal kyl, carbonyl, carboxyl, cyano,

a nio, nit dhlonyl S Iéonyl, a' onl 1 nked t _tNe -
(&%&enemgb—t herpkyrgln )—pyr(ir \>.pho(§ Mg

pcS/rNdyI t otNyl , oxa yl or mol yl.

conﬂound of any one of cI aims 1 to 7 whegein at Ieast
one Ar group of Are and Ara conprises _
9, 9-di al kyl fluorenylene. 9. The conpound of claim$8

ei B each of NI e and Ar N.
y 1 efie y—10g ?p.ound crajox 8 or
%Léi vvhe IRIN >9‘19- ?ﬁ uoren N IS

9, 9-di hexyl fl uorenyl ene.

wherein each of R, R', R" and R" is independently halo, cyano, nitro,
carbonyl, thionyl, sulphonyl, alkyl, perfluoroalkyl, alkoxy, aryl, arylene

vinylene, or arylene ethynylene, and q is an integer from 0 to 6.

7. The compound of any one of claims 1 to 6 wherein each of the at least one
electron withdrawing substituent is independently halo, perfluoroalkyl, carbonyl,
carboxyl, cyano, ammonio, nitro, thionyl, sulfonyl, amido linked to the backbone
through the oxygen, pyridinium, phosphonium, pyridyl, thiazolyl, oxédiazolyl or
triazolyl.

8. The compound of any one of claims 1 to 7 wherein at least one Ar group

of Ar, and Ar; comprises 9,9-dialkylfluorenylene.

9. The compound of claim 8 wherein each of Ar, and Ars is 9,9-

dialkylfluorenylene.

10.  The compound of claim 8 or claim 9 wherein the 9,9- dlalkylﬂuorenylene

is 9,9-dihexylfluorenylene.
11.  The compound of any one of claims 1 to 10 wherein Ar; is phenylene.
12. The compound of any one of claims 1 to 11 wherein at least one Ar group

of Ar4 and Ars is phenyl.
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11. The conpound of any one of clains 1 to 10 wherein

Arl is phenylene. 12. The conpound of any one of
w@b@Be7i6 to 11 wherein at | east one Ar group POI/SGI046/000383

and Ars is phenyl. 35 WD 2008/ 069756 PCT/ S&006/ 000383

1313. THRoRPEWSLL] and
Ars is Bﬁ%nyl 14QRT%@2?§%%S%%E%&%@%§%€%W& nms 1

to 11 wherein each of Ar4 and Ar5 is phenyl ene and
14pr 4 Thegompsung @f anyrime of cldime] émthwbetsir edoh 06 Agi angl A is

f cl 1 5 and
o e W SOTRRNA Bl A S L ATE D 0 O 20
Are is phenyl , 4-trifluoronethyl phenyl , 2- napht hyl , 3-

15benﬂ&tr¢bm|pbumyd>£ anFthaB glﬁbllalfrﬂrlnyto 5 9nd8 ¢b E@Wbﬁeimﬂﬂ&@t/bne
nyl car bazol y anophen

Of% L}ll’é&fa‘}%ﬁlﬁfg 115 Pgeny. x:ﬂ feldpreme, érlghwl Qisaphﬂrré 3-

beﬁ&@lﬁ@ﬂ%ypfph&{aﬁt R, g@%ﬂﬁkg@féﬁy%yr%@ gnd Are are

the same; "and both are
phenyledrbazobyl,chrevanpplpmehet 7- (42 mmpueyyl) 9,9-dihexylfluorenyl.
3- benzot hi ophenyl, phenant hrenyl,

69 9’1‘?1' Qgﬁéglﬁricyo%’c?a Xx 15 \Qﬂérgﬂlyelabh of thﬁearI]l IAcrz;1 Err% o %1'165, and

yanop

botrr a(ré phéyh mormﬂmnwxﬂetﬁy Wghéﬁyh @Xﬂdp‘lﬁ}iy@, raewizo&ﬂcﬁoheﬂﬁe

ound of claim1l erein Arl henyl ene, Ara and

ey Lisb-Hihesylgugranzl pyrenib thyméﬁ@baz&ahd depanspBenil e
n ted t h other b
”‘?“ P RRGRHGS% AR AIRERIIES PC are and both ard

single
phenyl, 4- trifluoronethyl phenyl, 2-naphthyl,

173 bdhe @Omwpﬁmfrcﬂaimplhwhanmmn rislbhenSIeﬁe, Ar, and Ar; are both
SHEhRnEY s, DY RO o % BRSNS AR Fhctea to

eadhycﬁmmrbﬁéle 80&1 rf &MM-,' éﬂ@ﬂﬁ@ﬂne a8 8o ®3eHpRinyM4- N,
is 1. 18. Ath fllmcorrpr|S|nga

mfﬁmf;arhmlpa@amm@tw %rhynZ@ﬂeowfenrzll ahmnthrm'l 0%, 19

f f f Jmis
aipeRahBistyt bt o ARSI FrPmple 0 Fhe thin
cydniophenyt)-&9-ditrex $Bluorengl, ahded dﬂhﬁ,ﬁﬁ iplr, tshﬁaﬁch s film

further conprises a host material. 21. The thin film

17 wherein the host material conprjses
poI @Jnn@%%%%%%pgypound according to any or'féo of claims 1 to

174,4' -N, N -di car bazol e- bi phenyl, 4,4",4"-tri (N
car bazol e) tri phenyl am ne,

N, N - di phenyl - N, N - bi s(3-net hyl phenyl ) (1, 1" -
19.pi phbe{hin fikn of claim A8 méierein the thin film is from about 0.1 to about

(1- napht hyl)-N, N -di phenyl -1, 1
10@1@%1@%1?])/'

20. The thin film of claim 18 or claim 19 wherein the thin film further

comprises a host material.

21. The thin film of claim 17 wherein the host material comprises poly(9-
vinylcarbazole), 4,4’-N,N’-dicarbazole-biphenyl, 4,4’,4’-tri(N-
carbazole)triphenylamine, N,N’-diphenyl-N,N’-bis(3-methylphenyl)(1,1°-
biphenyl)-4,4’-diamine, N,N’-bis(1-naphthyl)-N,N’-diphenyl-1,1°*-biphenyl-4,4’-
diamine, 4,4',4"-tris(N,N-diphenyl-amino) triphenylamine, 1,3,5-
tris(diphenylamino)benzene, 1,3,5-tris(4-(di-2-pyridylamino)phenyl)benzene,
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diamne, 4,4',4"-tris(N, N-di phenyl -am no)
triphenylam ne, 1,3,5- tris(diphenylam no)benzene,
WA 288064766 S( 4- (di - 2- pyri dyl am no) phenyl ) benzeneCT/S62006000383
2008/ 069756 PCT/ SG2006/ 000383 TTBND, PPD, PTDATA,
TTBNP; %ilfp, Prﬁ SRK-PPA; GRihs, MIBRABD ABL MIBAB, sgakC,
poly (1, 4- phenyl’enevi nyT ene) derivatives, polyf | uor ene
mT®B[ DB, pulys] ,4-phenylenevinylene) derivatives, polyfluorene derivatives,

3- phenyl - 4( 1' papt hyl ) - 5- phenyl ; -t r{ azol
3-hapha b B SRR WIS, SRRy SElefbucyl
2 i ~oxadi '.(1,3-phenylene)bis[5-[4-(1,1-
B B o) by L g 4 (1 1-
dimetttryixthgl) pdseyl] ,)gghséih—)(ﬁicyano-6—methy1%1eptyloxy—1 ,4- phenylene,

R o R e A
e T hen 11 1 m of ol & m 18 or clalm 19

2.1 b o e oL B COpRP oo DRy frve

ho s\?ﬁxga\?eg?g 'ﬁ?\ﬁlﬁﬁ‘”‘llm Bt 88mpriing d6rghhlic rdlerg 'E){r HpRésphbikden? 2

e organi c dye conprises 10-
emidenzot hi azolyl)-1,1,7,7-tetramethyl -2, 3,6, 7-tetrahydro
-1 H 5H 11 H[1] benzo-

pyranol.6, Z, 8- i qui,noli zinal 1- . .
23 5 B0t Biek phbity o Wrlefei it 4% dys copries 10--
berRBIMABWIAN1 25 PRframethyl-2,3,6,7-tetrahydro-1H,5H, 1 1H-[{]benzo-

4- (di cyanonet hyl ene) - 2-t - butyl - 6

(LA 4,7 .
oymealO L gD | Hyhe 8- yotiaraty D eshsbemino) 281
b s A4 di- B 15 il :
benrfg P@%ﬁd?ﬁn%%%%@%l pﬁen;){il %élr?j ggét%u;}rdyq gl-’ldf’lzl’?pyr an (DCTP),
tetrdmiethyGytianes-byyipAd) pyran (DCITB), rubrene, 4—(dicyanorgethy1e:ne)-
2R diaerlanosv LRV AT BREHYS Vb kehRS SRS
5,5(&8‘@&@-@g&zﬁaﬁ@éﬁﬁmﬁo}s@y@ney&@&xén@cmemn@)y@tﬁmﬂylﬂr[4H,
I 1-oxa-3 a ~ azabenzo[ de]
(1, b iGatetremeth9l-10-pue2)3, D Htitahy die- LA Qiﬁélxozw&a),

, 13- di.phenyl pent acene (DPP),
azagf”(‘zr&[gﬂ'enyl -N-p-tolyl am no) - 9- (N-p-styryl phenyl -N-p-to

anthicarionAaBa o4 By ean-1, 4 RiRAYe((RIA P 6 1B dightenylpentacene (DPP),
1,1' -dicyano- substi tuted bi s-st)ir I naggt hal ene
3-(Mepliepat-Ne:tolylagigo)-S@N-pehayiphewy M priplyfanuipg s ione

L R A e g o
(B$N).24 prepared by solution coating. 26. The thin film
" of claim25 wherein the solution coating conprises

24§ g Iatnr g 8191161l t@gnq%g 8%{%%%8 ’Q)Ql}egfrﬂl %taeg‘g{o%ﬁgc{rgsc%r?taetrﬂiﬂgrs cgfn%iliyése
PtOEP or Ir(ppy)3.

25.  The thin film of any one of claims 18 to 24 prepared by solution coating.

26.  The thin film of claim 25 wherein the solution coating comprises spin
coating, casting, microgravure coating, gravure coating, bar coating, roll coating,
wire bar coating, dip coating, spray coating, screen printing, flexo printing, offset

printing or inkjet printing.
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Wi re bar coating, dip coating, spray coating, screen

printing, flexo printing, offset printing or inkjet
w@risne9166e 37 WD 2008/ 069756 PCT/ SG2006/ 000383PCR3G2086/000383

devi ce conprising an anode, a cathode and a thin film

accgr, fo ' LI m

27. di s%gg{élgg kcJ(SeI?E\ee %ﬂ%ldgn o%lé&g&% a}%e 052@ %{é&@r&é@ %Ta%l

onedd\claims &8 tacl@itie thih filne disposet betwden thd adode iasd the cathode. .
em' ssive layer. 29. The device of claim28 further

hot i feRR o8 iy 37 R R GREmT G R o

cI aim 29 wherein the hole transporting |ayer conprises

29. pol Viesddvide@felaid 281 ffthdr@&ofiprising a hole transporting layer

. pol y(3, 4- et hyl enedi oxyt hi ophene) and

dlSHﬂ?P‘%%tWWIbﬁé§ml$sé‘fﬁléyeé@P@I}he%11? de.The device of any one
of clains 28 to 30 further conprising a hole

30.1 NI Pied debel AYREM DoSPARTEH ﬂ%q{d&@ﬁﬁnsghﬁir%gg%éf‘i cg{ﬁgr&é&e

hol e transporting layer. evi I m31
polydnélires ar atthixtire b€poly{3eteihypnediprythiophene) sad 4, 4' -

r bazol.e- bi phenyl (CBP),
pol%’ g‘enfmﬁ?oﬂ’ﬂc(?@ ar bazol e)t ri phenyl ani ne ( TCTA),
N, N - di phenyl - N, N - bi s(3-net hyl phenyl ) (1, 1' - bi phenyl ) -

31.4, 4TheldeiBedE any SEDS claims 28 to 30 further compnsmg a hole
N, N - bi s(1- napht hyl)-N, N -di phenyl -1

injecting Jsperisnosedibetypethibs anpdgmy the A‘FW!SPPDAB layesapB,
TTBND, PPD, PTDATA, BFA-1T, p-dnDPS, p-DPA- TDAB,

MT [ L,ene '
32. 1 e out o Gt 7yl f%‘%? hidpogn o ere)
Nl\EahcanmH-hlphéwﬂ (@BPr); 4;4S;4Hgtr1@<{ aaﬂmzblle)mphmymport i ng

e I B R R e B

(TPﬁ) SN C’cﬁs(tl r@pﬁtﬂ&s}nﬂg Ng- rﬁié §1- O MYihIsRS1-4 A AHnIHETNPB),
|1 S ul li
TDATHN Pgﬁ/) B5TTBNDeP Dp BT A eBEA-1T, B-dmDPS, p-DPA-

a
D3NN, Sy TIR, PR Ryl (b ehopYBRERIF B penzi mi o
polgaﬁ:mireﬁe, 3- phenyl 4(1' napt hyI )-5-phenyl -1,2,4-triazol e
TAZ) 1, 3, 4- oxadi azol e, 2,2' - (1, 3-

i.S 4- i et hyl et hyl phen OXD- 7)
eﬂé ‘fﬁw) aﬁyaa[af‘o écjlalﬁségwp)?ﬁéwwasz%l ‘fi}SlH% clectron
mﬁ%&%ﬁ%@‘%ﬁfi e D B s e SRR o
spiro- PBD or BMB- 3T.. 35. The device of any one of
34. c| alhesderetof cRim B3 rwheesin derghedtionignapdytnglayer comprises

aluminum tris(8-hydroxyquinoline), 2-(4-biphenyl)-5-(4-tert-butylphenyl)-1,3,4-

oxadiazole and 2,2°,2°~(1,3,5-benzenetriyl)tris-[ 1-phenyl-1H-benzimidazole], 3-
phenyl-4(1’napthyl)-5-phenyl-1,2,4-triazole (TAZ), 1,3,4-oxadiazole,2,2-(1,3-
phenylene)bis[5-[4-(1,1-dimethylethyl)phenyl]] (OXD-7) or poly[2-(6-cyano-6-
methyl)heptyloxy-1,4- phenylene(CNPP), or AlOq, Alq(Clg)2, Al(Saph-q),
Al(ODZ)3, Ph2Bq, Zn(BIZ)2, Bepp2, Bebq2, Zn(ODZ)2, spiro-PBD, or BMB-
3T..

35.  The device of any one of claims 28 to 34 further comprising a hole
blocking layer disposed between the emissive layer and the cathode.
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bl ocki ng | ayer di sposed between the em ssive |ayer and
t he cat hode. 38 WD 2008/ 069756 PCT/ SG2006/ 000383 36.
wab@sdesrsce of cl aim 35 wherein the hol e bl ockPemySGzpen00383
conprises 2,9-
36. d' WPEé“d’éwc‘é o% cféhlﬁ@%%er&njfﬂé 1&81@9@%&?{%@431 P@orﬁf)nses 2,9-
5-tris(phe -2- benzi m dazol nzene. The
dlnwéwléé dlph@nygf- 1 drﬁ)eplmhamh@ihns oP 8 315etriBghkuylt2rer
ri an electron injecting |ayer disposed
'belﬁzmr;?g EP(I&% “4fj acent to the cathode, between the
cathode and the em ssive |layer. 38. The device of
37.cl arie deticateer: aﬁ% Bné bﬁcl@;hﬁczsrt@wfaﬁmtcbﬂ@nhmgaﬁ electron
conpri ses ium fluoride or lithju

inj qcn%kwaredlw%eﬁ mgadiately adménﬂe\rh%aﬂaﬁdeeb%twwzthefcaﬂlpﬁ@ r
chole injecting layer disposed adjacent
andctﬁg%g&lgggd a hole transporting | ayer disposed
adj acent to the hole injecting |ayer, an em ssive
38.1 ayEne dtivigead ethith 87 weleaneit ttiee dledtontin@ospplayermgnipager and
t he_.cat hode, K .an el ec n transporting |layer disposed
“%Wé%‘?‘fret‘?@ﬂélﬂv%fg‘?(\f’éf Ynd the cathode, a hole
bl ocki ng | ayer di sposed between the el ectron

39.t 1 anigP@vided claid e rfuahd cohprisakhades 1nZé%€in§[hy@f &ispdsed
i njecting |ayer disposed between the bl ocki ng

adjacgnide thghanodpea hale Harportited pxar disppsadesiaceryrte thhalee
inj e@ﬁﬁ% & 1‘25‘.1? Ql%stsfvrel 9%3!6?Xﬁ[oosedtblgﬁve%ﬂ1ﬂ§e§ﬁ3ig {rh@ﬁ%ﬁm ngh/ﬁtr I&Sd

ranspor er- conpri ses
the 4@thode, dlevlecmommmpoﬁmlggayer dispased between theemissive ldyaty er

b3 ESReE. 2 Bels oy aven pane) ™ el Elestrot MDY o
lay &%ﬁ Aot IR ORRAGN U] i @Z‘:’cﬁ@ ferld ?%)%ged be%eenﬁhg gyleCe

onprising: an anode; a hol e transporting
bloclmg)bs'enhndnhet teéh«aieod'b@remlatémssglw thehae tnansqmg@iaw,

hal,e tra rtin ayer.. an electron.tr orting
the PSRk o8 B B odrasi s UL R 855
2008/ 069756 PCT/ SG2006/ 000383 a cat hode di sposed on
40.t heA degicé canprigiggisporting | ayer;

an anode;

an emissive layer disposed on the anode, the emissive layer comprising a

compound according to any one of claims 1 to 17; and
a cathode disposed on tﬁe emissive layer.
41. A device comprising:
an anode;
a hole transporting layer disposed on the anode;
an emissive layer disposed oﬁ the hole transporting layer;

an electron transporting layer disposed on the emissive layer; and
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wherein at |east one of the hole transporting |ayer,
the em ssive |ayer and the el ectron transporting
wo 20081060661pr i ses a conpound according to any PCES61006/000383
claims 1 to 17. 42. A device conprising: an anode; a
hol g .4+ 7! node; a hole
traﬁ%@?ﬁ%%@@ﬁf&%ﬁﬁgﬁﬁ%ﬁ&ﬁy & injecting
| ayer; an em ssive |ayer disposed on the hole
t ranspor whcrgml ayest orerpfdhehbele tansportingoydri thg cirassére

dIS sed en1ss V ;. and hol e

oy BYaca e Q8GR B P e BYh o PR S b PREURLY B,
el ef@,tarngr@mbﬂfemm@gtd gyer disposed on the enissive

| ayer; a cathode di sposed on the electron injecting

| ayer; wherein at |east one of the hole transporting
42.] ayérde"’tcﬁéo@fﬁlg@gv | ayer or the electron
transporting | ayer conprises a conpound according to
anypaggef claims 1 to 17. 43. The device of any one
of clalms’ 27 to 42 wherein the anode conprises gold,
silver, indiumtin oxide or layers of a conductive
pol yh@lplnmnngﬂmaer@mppsmlmthaagodme of claims 27 to 43
wherei n the cathode conprises barium calcium

car i oo R R R e Brveny | 0y or
magnesi um silver alloy. 40

an emissive layer disposed on the hole transporting layer;

an electron transporting layer disposed on the emissive layer; and
a hole blocking layer disposed on the electron transporting layer;
an electron injecting layer disposed on the emissive layer;

a cathode disposed on the electron injecting layer;

wherein at least one of the hole transporting layer, the emissive
layer or the electron transporting layer comprises a compound according to

any one of claims 1 to 17.

43.  The device of any one of claims 27 to 42 wherein the anode comprises

gold, silver, indium tin oxide or layers of a conductive polymer.

44.  The device of any one of claims 27 to 43 wherein the cathode comprises
barium, calcium, magnesium, indivm, aluminum, ytterbium, a calcium:silver

alloy, an aluminum:lithium alloy, or a magnesium:silver alloy.
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