ARYLAM NE COVPOUNDS AND ELECTRONI C DEVI CES FI ELD OF THE | NVENTI ON

[ 0001] The present invention relates generally to conductive organic
conpounds, particularly electrolum nescent organic conpounds, and to
el ectroni c devi ces containing such conpounds. BACKGROUND OF THE

| NVENTI ON [ 0002] El ectrol um nescent organic materials can be
classified ing hEDy ' CITEO FEVEEEsc snal |
nol ecul es. [%@W@mgﬁﬁﬁgﬁggﬁ or ga?ﬁlgpgnt eri a{Ss

i ncl ude poly(1,4- phenyl enevinyl ene)s, polyfluorenes, and their

deri vati ves FIEIDtOB THEESVENTHONyners are attractive because of
their solution processability, which is a relatively cost effective
met hod for fedOM]ac T iprgers irvetticnneletes ganerlly tacentedting piganic )

el ectrol um nescent. or gani terials. 4. i ity is
difficult tGOQBW%@aﬁﬁﬁaﬁ%%%oﬂ%n *%I{%t%pg%’%‘n&f I}qﬁééﬁ?rgﬁtag# o "g&é‘?ﬂﬁce
such mat eri gksicafdbaRing@nbe dongeuidi N anounts of structural defects in

t he pol yner backbone, by-products produced during polynerization, and

end groups remajnj i Al'l these inpurities
and/ or def e&ﬁbﬁmmmﬁﬁ@mrs can affect efficiency

and |ifespan_of el ectroni ¢ devices .incpr.poratjin I r :
el ect Ir ol ulrc:‘i A2 nt Fd?“(ﬁrﬁﬁiln?:‘m??ﬁ%lnéf"i‘ga‘?llg mareH gf%‘??sgﬁﬁ%no |

(¢)
ecul es represent

anot her cat egREMtief cohjudhtbd Stk B Grahiee sadismelachidsave been wi dely
used in organic light emtting devices, such as organic |ight

emtting di (OLEDs),. either as emi'tters or .as. char r,ansporting
mat eri al s. ﬁsgﬁ?%] popé’i?‘%?né %%ﬁ%ﬁl?ﬁcgn Oégq’tlllw%tﬁrrlamél(rgrlg ?1902%@,&”' e |ight
em tting mat@ehdneviEiiend)s) poSaueendd inidfthciaietiontives. dileswbsnisescent as
sublimation or recrystallization rocef ., Whi ch rovihq S..an advant age
conpar ed wi tAYLMRSEHAE aketveRgcaysh ‘ifpﬁ]%ql%s.o “?%B’é’fﬁé Ly eVices

cont ai ni N9 SERitel T RsEE 8 e REB0d BPItAlthouBlpRlRasH deisdes gontaiaing m
deposition techniques, which tend not to be cost-effective and which
may not be ciesfrpluplireseest orgarie M3feHdfict i on. General Iy, sol ution
processing is a | ower cost technique and is nore suitable for nmass

and fast pr q]ducqu O N0 Re@r, Mk puditysi® difkcultas hehievs tirtpelinferie liphtepar at i on
of larger filnms that are required for Iar%ga.d'

are. i spl ays.
[0007] Mul t i | iEingdealsrialssings suqefarfiasials offan & ﬁ?&fg‘&%i‘%}m%ﬁ 1t ed
with a hol e §raRSPHelpoly@d¥e backBhneChy-EdtveEs fradiRed aurthgdolyaleiedtionn
transport |ayer, with possible jnclusion of ole injecti ng | ayer
and/ or el ectangnd a{oemnew@m%@rtheqmrhﬁw@é ese WHS? adifX current
organi ¢ | i ghjesemd %gfeggra{m{s%‘f%lp%lynﬁ%tdan REbY BRYcRn& ehdSi@bin 610! ecul es,
typically have i nbal anced charge ‘transporting characterjistics
General |y, |éleonisievicesripcomeratmgapymerie elagrairpigesceh QTrapic sitsaline
charge carrier, either holes or electrons, but typically not both.
For exanpl e, 10p@5Y ( LsfalPheR¥hieN@yletit Sideks cigon) dEmit eniipintatiral
pol y(1, 4- phenyl enevi nyl ene)s are good hol e transporters, V\he@ggs
tris- (8- hydroxhgus brshivaésfy ticd i prarmi Habt Fritiipe &y icrs Suh 28 PRRF JRM .
pransporter & ARGRH (G5 SeifbPR SRR B9 b R eigaRRedAS U t'S TN

| ow device efficiency. ' . .
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



[ 0009] One solution to bal ance the charge carriers in the devices, is
to conbine both electron transport segnent and hole transport segnent
into one structure to construct an anbi polar material; either the two
segnents are linked together in the backbone or they are attached to
t he backbone separately. g)go_m] Al t hough sone such anbi polar materials
have been de®&? er ugedi e arepiationeyfdrgw dilne thetase mﬂﬁ@ffnahw based on"
such materialgpiy, Still not satisfactory. [0011] Thus, there exists a
need for new naterials that can be used in an organic light emtting
layer in an el ectrol um nescent device. SUMVARY OF THE | NVENTI ON
[0012] I n onelCM98kct MultHeyer dpvdcep prs\inaen aad etsiyential cotstthetedriitaia (| ) :
r(Ar7)-(A 3) (LI ﬁ;?! LA each
of Arl, Ar2 g@r)]l%'(r%sgérltgagﬁﬁ%gﬁﬁglk%é%%ﬁﬁcﬁﬁ e ¥%a gﬁr’gﬁg; aryl ene
vi nyl ene, hepesiblerigdlesian afiakpledniestingrasienand/ oz eleginyd igjeetingdayer.

het er oaryl ene et hynyl ene, optionally substituted with one or nore of

pranched or - {yRsRNChEHeAL iy PERUGAEH Rl HBLANGRRH RLEIORKY.

branched or unbranched alkenyl, branc broalkenyl,
branched or pYibReRetrbunadl kglpgtiles, typigritythate orbalanbadaohetge transporting

het er oal | ¢y ilarRENGNSheRy UIRE BRERGALINY, oLl oBALL, 81 SE0ATY
each of Ar4 and Ars 1s 1n ege entl'y-arylene; fre eroaryfen ,aryl ene
vi nyl ene; hethargsaryier ritherihnleh endectransy berigpiedlliyynybatindor edample,

o anched or AN ke Y RhY BB T A n iR e -

branched or amigr@tiviethnapdceny ivherbasaris tieltyderxygibslany fiedidet @moal kenyl ,

branched or byanched al kynyl, b hed, qr unbr anched
heteroalIcynéﬁ?ﬁﬁ?3H§ﬁ@8n8¥m%ﬂ@?ahgﬂg °§1§8¥§P3§3§Fmﬁﬁﬂoﬁgperoaryl;
each of Ar6 dsvitefreSulisSn iowdésvepdeMridnyy.ar yl ene; heteroaryl ene; aryl ene
vi nyl ene; heteroaryl ene vinyl ene; aryl ene ethynyl ene; or

het er oaryl en ynyl ene... opti onal ubstituted, wi,th one or nore of
br anched or Gor?g?gnc rel%soglft Of/lf%? tag?rgﬁbﬁecgarg? AR THRR %R 0al Kyl |
branched or wmibimriottedeadk anydport begareahaed hole thinfoanesesht hes eteoal kenyl ,
branched or ynbranched al kynyl, branched .gr unbranched heteroal kynyl ,
branched or %ﬁ%?ﬁ%@ﬁ@ﬁtgﬁf§f§%¢QE$Fmﬁﬁ§’ﬂgFEEQQW?F%Eﬁgsﬁﬁlmgg%t one
of Ar6 and AwSecthe imihe Bhakbbiiest thidytahelitRiticado ME bEIkBU sehatslybst i t ut ed
with one or nore electron wthdraw ng substituents, or is an electron

W t hdrawi ng Ar ou ubstituted with one or re electro ‘
wi t hdr awi ng 86@1’ i txglé‘%{ugﬁ scgwasucﬁj a;r\ﬁdblpglar mgtenals e Pecn c?evelope%, 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):

{Arz) (Af3)m N (Arg), (Arg)s

(Arq p

o
AN

x(Ara) (Arsly

wherein;




each of m n, p, r, s, x and y is independently an integer from1l to
20. [0013] Enbodi nents of conpounds of fornula (1) are

el ectrol um nescent, and as such are useful as organic layers in
organi c el ectrol um nescent devices, and nay be used to formthe

em ssive layer, a charge injection |ayer, a charge transport |ayer or
a hol e bl ocki ng |%8§%et Ags apdcdiniciniesndeptly anlsneihetreacdenspuridse ar e
conposed of both ] S I n

T anapor t g Segma e e R AR s B B e
conpounds wi t h arfdipsleas, opticuaBpebsiintgd mithoté onadrebjbradshedet | , t hese

el ativery i gn ebpitheRR3HBRAMH R or AR Brd 0T nclilar, F) 1©
provi ded a thin funbranchedpikesyl igamhebnpabinachas hetasalkehsbrdeha o

[0016]In a furth there is.provided devji ce_.co i sing an
anode, a cat hode%ﬁ%ﬁ%%{i%]?(xnﬁi r?ﬁohgd %@ﬁ@%@ﬁﬁﬁwmﬂﬂﬁg}z{‘?ﬁ% film
di sposed bet ween wnhencheddikoandril bl itdrdede. [ 0017]In yet a further
aspect, there is provided a device conprising: an anode; an em ssive
| ayer di sposed o node, the.em ssive |ayer conprisi a conpound
as descii bed her %ﬁ%\l{]&é&%ﬁ%%‘%réf%%e@e BpolE n%ﬁ‘??‘f?@%’ﬁes@r’ | ayer .
[0018] I n anot her vagpmethetetdueylend enyiereyirdled ahy9lheRr 6QBREHRNAY: an
anode; a hole trapsparting.|ayer.disposed on the apode; an em ssive
| ayer di sposed Oﬁ%ﬁ@@tpﬁp}%@%ﬁy@%ﬁ@ﬁy YT mate offpranchedpr
transporting | ayenbdh@posieg, branthee oLuibs@bhed HeRYRlky], BRfcRaGat hode
di sposed on the el‘()ectrog ran%:)ortl ng | ayer; wherein at |east one of
Py

yer,
t he hol e transpoMtPHY FyLiorrnclsd &t gpkranghgd steragikeniyh bragpled of on

transporting | ayenbrafiipd AERS],BraRARREbASHICEAEbAR ML fifkd J0019] | n
still anather aspe there is provided a device conprising: an

ct,
anode; a hole inj Efﬁ?%d?lhwrma yWdstrapk t he anode; a hol e
transporting | ayer disposed on the hole injecting |ayer; an em ssive
l'ayer di sposed oradhhg Anpdng Arf RRISRAELdeRMY drAYRS het@Da$]RE Abhe
transporting |layer disposed on the em ssive [ayer; and d hol e
bl ocki ng | ayer diV¥EE8edeSrrarfediiansciylenesypyiens: ayheterpaylenan
el ectron injecti B@yh@dR! optiofARSRGstRRed VEh KR £ oS AdnlAyer: a

cat hode di sposed on the el ectron injecting |ayer; wherein at |east

one of the hol e PRURSHET krgbrrashed or unhrneher deferpalkyhhranchsd of he
electron {ranspoGkragnbeiRiyE STREAASH udbrRERONM. ASICBERLRET, Ner i N.

[ 0020] O her aspects and, feafures of present 1 nventron w becone
appar ent to t hosBnancBedilnayls begarhed or pulrinshed hetaupadiynyk bagvhedfor t he
foll owi-ng descri pid:9Rn&f asReCiii £4 ';%Qf he.invention in
conjunction with tﬁe acc%r%‘ghﬁng %@f‘g&ﬁ&g} S. a'%le%t Othesf}xg aid 718

an electron withdrawing Ar group, is substituted with one or more electron

withdrawing substituents, or is an electron withdrawing Ar group

substituted with one or more electron withdrawing substituents; and
each ofm, n, p, 1, 5, X and y is independently an integer from 1 to 20.

[0013]  Embodiments of compounds of formula (1) 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
s



BRI EF DESCRI PTI ON OF THE DRAW NGS [0021]In the figures, which

il lustrate, by way of exanple only, enbodi nents of the present

I nvention, [0022]Figure 1 is a schematic representation of formula
(1), indi cambige toheoeldedthe@bmipoamdspoith ambipola trendpoaiigfondtionglignds
em ssion tuning segnents of formula (1); [0023]Figure 2 is _a
schemat i ¢ WrlhdResmeampoKly %%0?‘&1%%?@%41’%‘3» B¢ Rgdibs eadilyrupled & &
conpounds Qfai OF Hihifesdeddy; [0024] Figure 3 is a representation of a
single layer device Incorporating a thin filmcontaining a conmpound
of fonnula (I); [0025]Figure 4 is a representation of a nulti |ayer
devi ce i ncl®0gsl at iThys,an ahahetaspers thérens Priovided othiaifiiinrmgmprisiigpound  of
formula (1); [0026]Fiqure 5 i.s an |-V plot of devices with the
confi gur at%oﬁéoﬁlgﬁ%sgﬁlweﬁggf PVK: dopant / TPBI / Li F/ Ca/ Ag, where the
dopant is various compounds of fornula (1); [0027]Figure 6 is a V-L
pl ot of dejodae} Wi hfirfiRr agyetbi, eér@lsipRévi@dd a device comprising an anode, a

| TO' PEDOT: PSS/ PVK: dopant / TPBI /Lj F/ Cal Ag; [0028] Fi gure Is an |-V
pl ot of desdthass apgl e ithip Hidmes desagibedherein, dfe thin film disposed between the

| TO' PEDOT: f@%g@m%&%gg& / Li Pl Cal Ag, where the conpound is various
conmpounds 0 or mul"a ;

[0017] In yet a further aspect, there is provided a device comprising: an
anode; an emissive layer disposed on the anode, the emissive layer comprising a

compound as described herein; and a cathode disposed on the emissive layer.

[0018] In another aspect, there is provided a device comprising: an anode; a
hole transporting layer disposed on the anode; an emissive layer disposed on the
hole transporting layer; an electron transporting layer disposed on the emissive
layer; and a cathode disposed on the electron transporting layer; wherein at least
one of the hole transporting layer, the emissive layer and the electron transporting

layer comprises a compound as described herein.

[0019]  In still another aspect, there is provided a device comprising: an anode;
a hole injecting layer disposed on the anode; a hole transporting layer disposed on
the hole injecting layer; 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 hole blocking 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 upon review of the following
description of specific embodiments of the invention in conjunction with the

accompanying figures.



[0029] Figure 8 is a V-L plot of devices with the configuration of
| TO' PEDOT: PSS/ conpound/ TPBI / Li F/ Ca/ Ag; [0030]Figure 9 is a plot of
external quantum efficiency vs | um nance of devices with the
configuration of |TQ PEDOTTSS/ conpound/ TPBULi F/ Ca/ Ag; and

[0031] Figure 10 is EL spectra of devices with a configuration of

| TO PEDOT: PSBRIBPRERCRYBYION GF AHE DRASKINGSUre 11 is

| Nabsor bance spectra for various conpounds of forrmula (1) dissolved
in chl orof or @021 Ooﬁ%eﬁg@w' s vhilo illstrate ByARLY Flexdhife BIP RAbdBIRARCENCE
of various CE)U o?mds of fonnula (1) rre’gi‘ured in&%ﬁl orgf orm [0034]

Fi gure 13 i sOheprapsmt BWentiiB, phot ol um nescence of various conmpounds of
formula (1) nmeasured in the solid state after spin coating chloroform
sol uti ons co[eappi NGisuhE1 HAIEIRANES répidsentd iAW FdrEuRl (Bt RdickEbAhd-ED
DESCRI PTI ON [ 0035] Enbodi ments of conmpounds, of formula. (1) described
herein are eflediopdansrormgchatt transpiingrpdeRatsion wdRs eampiss A aHs ¢

| i ght when am.el ectrical current is passed through them Thus, these
conpounds aré well suited to act as a charge transport |ayer or a
light emttipg_layer in an organic electronic device. [0036] Certain
organi c corrpgﬁﬁél‘ aFigusnt 1 2seheuutg dRerapsite OB ASYREeT T RPEaIsHs of an
extensive sygh et cdpolRRAT fdrfhulat®; Mol ecul es. That is, conpounds
with connected or conjugated pi systems, such as pol yarylene

conpounds or | yaryl enevi nyl ene conpounds _(e.g.. . . _
pol y( phenyl e@%ﬁl\:yl ﬁ%ﬁ@m IS eRreseniation offe sHielsIaYE davies neprpiretiies? t hat
overlap and gxigrfdnhghihEN8nhoahd bemtad g@sul e. These extended pi
nol ecul ar orbitals, when unfilled or when only partially filled with
el ectrons, p{ogyé%fe Ehann | s across .the nol ecul e for transport of

e on

addi ti onal 124EG DS TPHESCHBIR syl eAyer dreicRlcatRraing & pl aced
under a vol t@g@oﬁéﬁﬁlﬁlﬁed@faﬁﬁngsy%@ﬁ@%@&agr bitals can form

across a conductive organi c conpound, each having different structure
and energy | gy . The | ecyl.ar. orpjtal havjing the | owest energy
| evel is oft@r‘ﬁhﬁ ei’[’fgé‘('ig?%fén af Aot @eYlFeéﬁ’Elg‘c#‘? g%‘ﬁg‘érﬂl?’h"f; ectrons.
[0037] I n or dero/PEDOTIISSE IOanUBB N IOFI0ANA §) 856 theddopadt ieVLltd on 1S
bei ng transported acrgoss the nol ecule, one or nore el ectrons mnust
move from a FGPRRONBASHL T 3@ 1y filled higher energy orbital to an
unfilled or partially filled Iower energy orbital. If the energy
IreI eased by [doe7e! eviguené an ‘i’ll,péclawe&ideé Wﬂﬂl&hé’dﬁ@ﬂg{ﬁﬂﬁilhg)y istate to a
ow energy state is_ int visible ectrum these nol ecules are seen
to emit Ii ghi&/gﬁfaégcl%lsép é@??@@%%@ﬁfl&?@% charged, and conversely
when an electron is injected into such a nolecule, it becones
negatively cfod2gpd. Fiyuedraisgad-npbesideeicaaritiohé ednfiganti@pgosi t e char ge

froman adj ag ecul e, result in charge transport in, a
Conpo t 1 on- BoPBB S irmpama e B AR RS st RRaP e ixtoR ect ed
el ectron andcdidoRndsadT firgfui; ne Wi thin the em ssive layer, formng a
bound el ectron/hole pair, termed an exciton, which can emt energy

when it rela rom an excited state.to | ower .ener gy .state.
Dependi ng on@%gfwa @“é‘hgfsﬁ %\i I}l?{@?é‘?ﬁlﬁ? &'g“hé]?Fe‘ioﬁ%urT‘tf? %nergy may be
rel eased as d/PBROTESS/@mpwisl/ THEY/1liF/ghtag; [ 0039] The descri bed
conpounds are relatively snmall nol ecul es when conpared with organic

pol ymers, an readily. be purified to a relatively high degree
Pol Towi g pr (o3P0, | Biébre §is i el dobimeiingit Hiaii or by
crystal i zat Hemcek miiselobti fi@ition o STO/PEDO TS Scokipdad d/ TRBNIGRAE A

hi gher purity than a polynmer, and which is relatively free of
unreacted st & ng reagents and internedi ates. Thus, inclusion of

t hese conpounds as a charge transporting or light emtting |ayer in

organi c el ecfoo3ni c Hpvie BBisFLYspb@S W tevides ditlR\cbaReuifidh ohas a | onger

life span and that is nore effjcient in ternms of charge transport.
ITO/PEDOT:PSS/compound/TPBI/LiF/Ca/Ag.

5



[ 0040] The present conpounds possess both el ectron transporting and
hole transporting regions, and thus are anbipolar in terns of charge
transport. As a result, these conpounds have bal anced charge
transporting properties and thus are particularly suited for .
inclusion in an organic light emtting device, such as an OLED.

[0041] As sh{i32]n Figyue &1 & U\ dbeorpanes grttronpaiong sormpraadpaifoitla
segnent that 1ss?ed egrtl%nﬁd and selected so as to control the

em ssi on vvav A 8 Elgnpound (labelled Ain Figure 1). The
segnent defined by Ar7, Ara, Ar2 and Ars may vary with respect to the
nat ure of théDO&G]gr Biguge 12 isegmphméthe@hotélunmescqnse ofantloistempainds e of

any substi tugp%mfl h?%g%gl{tﬁ%olﬁ%m?%mre of the Ar groups. Each of

t hese factors em ssi on wavel ength of a
particul ar corrpound of formula (I). [0042] As well, the conpounds of
fornmula (1) R034] onElgture Hoise gelpeof the photbhuidiressnngofyatps compourder at ed

broper t1 et 5 DR pRpAa % A st S SE St oy e "

optional l'y othngnheeomﬁouﬁds aitela Aidtzipsat@n el ectron wit hdrawi ng group
or is substituted with electron wi thdraw ng substituent.

| ncorporatio on wi thdraw ng group enhances

el ectron inj @ﬁ%ﬁﬂgp)btﬁg(ﬁgﬁgﬁh% in the light enissive |ayer,

whi ch may be ove the dev effjciency. of organic |ight
enitting dev[@ggfl n@’@}og‘}d)‘?’ﬁ’ftﬁﬂ CW@E’%‘JS@ frpaadl desbedsliersiza® conpounds

al so have a e:emommésemlraéanmgltﬁam 088 compUtals lefnbttlRet Whdnhin leltb@Ra1Ar
groups, An, Ar2 and Ar3 tsh[eortlonls | abelled Cin Figure 1)

the three ArSgrBUpRassd tIF7Bs, Eheir GORIPORRYs g Bl suited foagtkas aArl | s
further conngpt®drah@orMichr a ik HRBETE 18P anDeiel aShigReASST StS 1 n

increasing the energy |level of the highest occupied nolecular orbital

(HOMD) of th t hus facili t he hol e injection and hol e
transport pr@)gégfpeé r%fn?ﬁ%m‘&B %Ps” "g?g WPPducf?haége&é§F°gHCH%?l
result in de@ﬁ&&s@ﬁbﬁdﬁyﬁhﬂr@)f‘lﬁpﬁdﬂa@ﬁ tBelolefifesO ABLAE 'c@ﬁ@&un\i@bvﬁtﬁge for

el ectroni c devi ces i ncar porating the conpounds of fonnul a (D

[0044] The prS8BFedE ARStsHERS B Fes @E%u%ldaé%mlya@éalwma%pa (1), which
is set out bﬁdl%lede@%ﬁhé sorﬁ;kb@n@sctetg @en&gﬁMﬁen(e )ha@@gs&%fﬂls ed

herei n, an | ene" %rou iI's a |va aromatic radical derived

froman ar on@f’ eﬁul%f(?ﬁ% Gﬁ%ﬁtw@f}aérﬁ’%@%te@thft \gasth pHithe gwiecaleodbese An
aromati ¢ conp@paet § iSndledil bibftals %E%Q'ﬁﬂﬁné&ao‘f Wi 6&2%@?1%&%%@2@9{‘5 wher e

nis an integer equal to or greater than O. ment s,
the aryl ene %?‘@GBS Repyidgahannels geres tb@lngl@w%@ckbmeﬂcﬁaddmndt oms, from

S to 60 backhonencArhomeAARie V(fﬁf:ﬁ@ﬂén& cups gﬁ?&ﬂ%g ‘%Etg 4L ons,

from5 to 30 backbone carbon atons, rom ne car bon
atoms. [ 00463oxaral sucly pxtengled gporhlsalcu%doftreacmsm a cendactiverogaalcantpaumiyat i ¢

radi cal deri ‘gl%r@ onBL b .nydr ogen
atom An ar oéréglgli lﬁ%ﬁlﬁ 'S ae%%(;f/c%p%q%%}rsp)&&ﬁ&lm cﬁ%gggﬂ B%/ :

el ectrons wtbe b)msuesergyn lavaltie giten anpfifattivie @athforgraasioet oftekigdel €ctrohd)
certain enbodi nents, the aryl group nay have from 5 to 100 backbone

carbon ato m F%g n_at ons
backbone car 8?{”;»[ OI?TBE&]I (?OQ ﬂpegg g ‘% E%%’ﬁeesc%zg? %I(l)elec On IS bem(%r from5
t o 20 backbdressprated asosttioamolefidE) 4773 & Mork eleetr@ma mysemneve @moal fillessorused

h whi backb
car bon ai omy Rt e BB Ratedy SR & e PRl SRR, o

5, Si or P. orbital. Ifthe energy released by the electron as it passes from a high energy state

to a low énergy 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 .



[0048] A "heteroaryl” group as used herein is an aryl group in which
one or nore of the backbone carbon atons has been replaced with a
hetero atom including N, O, S, Si or P. [0049]1t will be appreciated
that where a particular Ar group is described as including an aryl ene
or heteraryl ene group, but where such an aryl ene or heteroaryl ene

occurs at anmereul®becbes Ib’ﬂéiti%lly'cﬁax%&tg ahBcoPEIAaaT an diéblbn Idfected
particular group will _be aryl or heteroaryl. For_ exanple, if Ar6 is

descri bed asitforerhgmelyedlp ERsgpmpraicgtiveltbrigss v shEE BRIIECUEs is 2,
then the terggiaby A5fds Qe Hdn e@irag%aé%r%ﬁgﬁecﬁl@f;ﬂelk’lﬂ@ngQH cBdr¥d tr@fsport

heteroaryl group (provided it Is n bonded or |inked to another Ar
group), but nlecoppptition qvatabingtbe epndugivaprgenicmedlesyle. dv igie¢ieéne or

het er oaryl en ALY " phis the
b1 val ont ' adieaP AR SR Sl o Bl %, R WD T,

" et hynyl ene"eleptmoopokryansemhed an ekditonswitittecabieral esptgy mdgih datlaxes fromsent ed
by the for nualmaex-cl%d[ Qegé %]a-ligvl&%esr’engrhest%yeméendﬁ{ on3h vlésveegenh ro?ld'{% refers
generally to ah aryﬁ group, an §¥y €ene rou&, a hetero ryl “group, a
het er oar yl enemitjederprgyathe angrky gruybprelagdan uddyabeot visiblayikkne gr oup
("aryl vinylene"), an arylene group.and an adj acent vinyl ene group

(varyiene Vi agse” bne AORLALIRLYhaOLONRAN] Al AIAGED Y] 0y ene

group ("hete ene roatylene group and.an adj acent
Vi nyl ene gi ng@n{patedtvethoagani cqrodymers) phe cea'rgadilgibe amyfiedgo e uglatavely hagh

adj acent et hynyl rou "aryl eth | ene” an_aryl ene group and
an adj acent %ﬁgﬁvﬁ{)}%éﬁ%g Ef?%%%mﬁj" %gf g‘?faaﬁzybé/ﬁ%’% @ﬁ%n%og%p%é)f g?[ oaryl

gr ﬁUp and alncrgﬂjglamm ﬁemg;ymyibﬁg@ugmg&tpa ﬁf;‘}dl\emlﬁpmﬂwfhighdﬂymwyemfa), or
a heteroaryl ene group .and an adj gcent et yl ene grou

(" het er oar yl%‘ﬂgn%t Vﬁ'}Fg’n‘ ‘e)lefuvfffy%ﬁf%ﬂﬁe“gﬁgwngjg%ﬁ%@ﬁ%d used herein
refers to a pteanediges. Ohus MYhanmhE thesDa@palfitas B KR &EREIpuItifE QUP,

having 1 to 18 carbon atonms. Simlar|ly, an "al kyl ene" gro as used
herein ref er]ég’f‘ﬁmﬁm?ﬁrlémﬁb%fgwcﬂﬁﬁo%éﬁ eSIPRLe ttmﬁﬁla\?l%tg? agroup,

having 1 to b8sk &N AdQHR is hbreWifidienP R tmﬂf%ﬁagdnmﬁdm al kenyl and
e

al kenyl ene are the respective terns for a nonoval ent and bival ent

hydr ocar bon pcal _that contains, one o e doubl e honds, and t hat
o oo (oBdbE ) T eert Pirorats JineT ralelsties Fatrorna eV Ment | and

bi val ent hydrgegsrbeirepRild, ead thidat aeepbRi m&e@ﬁ%faﬁarg@cmcsjpdrﬂ. Msa bonds.
[ 0054] Thus, in gne aspect_there is provided a conpound of formula

(D r(Ar7) - (P ferg oameyHls hayehakanead Ghyrge Fagspafipg PIORFBIFYA10HSSTC | n
the above f offtdhiariylshitedeBER IS0 D anNr ZanRNMEL OEditting detidgRENARAK! Y an
aryl ene gr oug' a heteroaryl ene group; an aryl ene vinylene group; a
het er oaryl en Lﬁpnyl ene group; an arylene ethynylene group; or a
het er oaryl ene et hynyl ene group; any of which may be further’

substituted ioh] OnN&s Sowih Bigdfe 1, BeANGBRGoRPowDIRAGHREE Aeldibnt

branched or unbranched heteroal k branched or unbranched al kenyl,

| .
br anched or @ﬁ%&éh@ﬁ@é@ﬁ%ﬁ@%&%éﬁmﬁm BoTiRE e grbsion sy elpeginef the kyny! |
branched or upioaRehadiiel &f PalieyNYihe sEhRREOER @by URPAANENGMd Akkoxy,

aryl and heteroaryl group.
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 (T).

[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



[ 0056] Optionally, at |east one of Ar2 and Ar3 nay be independently
substituted wth one or nore el ectron w thdraw ng substituents. An
"el ectron-w thdrawi ng substituent” is a substituent that has a

t endency tandpiptionalye@teraymsorawdrf amdmAt; iearbe edttvaneitiofrawing ggowgug ion
which it is substityted, towards the substituent, ¢reating an

el ectron- r%“l?ﬁ“@?&ivﬂﬁ’ ‘g?a@n ‘%@aga‘vwg subh et JRFRPOrRI R P YK-QNRNEr awi ng
subst i t uend|scoRGlidfRabA bt QRLEY inj&BORARY trandpBfiR@N) he CYano,
ammoni o, nitro, .tl_hi oarllyl ,E%g%ﬁféonyl , am do fnljnked to r?%% {;[a%)l%onee

t hr ough t hleghteingssive lpwer.ivdioh uray behbkph amprove teyddavibeletfidiemyalfy| |

oxadi azol y1 and..triazolyl groups. [0057]. In particular enbodi nents,
at | east oné*yf hg\lﬁtzengﬁgé lcéﬁ)ﬁ‘ﬁf’fpg’éagmg,ﬂéqseﬁg’%??’?msf | uorenyl ene. In
particul ar, enbodi nents, the 9, 9-dial kyl fluroenyl ene is

9, 9- di hexyfob4Bpr eyt @mpoin@ 18 havdratdeftthiatrtierbadh pantshstifAshwRh Ar 2
and Ar3 conprises 9,9-dial kyl fluorenylene. In yet other particul ar

enbodi mentt8reeddcgiowts, Ari2 Adndhdai (Bonprtieess labaledChaxdigde dbr OhiHeene.

In yet ot P icul i . h_of A2 a r3 .1s

o"'o” it hexyieaarshiftafecnin s TRupPRR aPbutbluliined Tokfeeago
phenyl ene. anofH20 bRjogbaeatdnnf Sdha design AsSists & inodenendershbigyasvehbyihene
group; a heteroarylene group; an ar

> [ ! | ene vinyl ene group; a
het er oar yI B&EESyPGHPPIEA & el orkiipl @&Wk"@?ﬁ?‘?ﬁ?})%& thup fgeilitatingthe

het er oar yl . : { f ef.:

subst | Ut e oy o n e E Ry Aerlls AhE DorRerE WSy
branched aodesmomancieadt neteereasddityin-oby@taghend tre opafatiand vetlagd foenyl |
branched or unbrapched. het er oal kgnélt, Q%%l%nca d 0{9 nbr anched

al | cynyl , PFEOCHSAFVEES RyBRRRRedIheBR R K9 %ﬂ,ﬂu @nched or 7
unbranched al koxy, aryl and heteroaryl group. As nentioned above, for
term nal A[OOQZIPUDS"hWﬁie@éﬂl DERoREdsANS thuk B8scHBEb Y BIrmMa @), MRV kbt
conprise an ar or heteroaryl group as opposed to arylene or

I
het eroarylcéiﬁéﬁ%f’VOOGO] Furthernore, one or nore of Ari, Ara and Ars
may be optionally independently substituted with one or nore of:

al kyl t hi o, kO, r ] ta t n r.ough
the nitro ggﬁb ar tl)lgiﬁglcgeé%#n%f?tg%%ﬂ? gﬂ? Hg%g%ﬁlg%#é&?ﬁ%ﬁg%%t %re&lgxlél)gen,
phenyl , naphdlentlarorhiticanyical dedivpd fropydn @byhtiacshsandazakinbval[0@806d] | n

parti cul ar, enbodi ment at | east one of Ara.and Ars is _phenxé., I n
e pt

S

ot her par tPEIREER Ao dhmaiomatic campowid i yaigcomround hariaan

[ 0062] Fur tdes,0RE GiheRRF is AR 3k Yer A0 6a1 26 € R ifheffld
Ar2; ATl and Ar3; Zr, 1§n§ Ar%efr g\r% aﬁgygrgtse{;)ﬁ%\%il@' éﬁgélg\@%?&g%ﬁf?g’ and
Ars may beheantmetgadipbetynbere frdme Sttad OAbadkboupsarbon dthms pladm Svb &0a
single bond or via_.a |inki up.including 0, S, Si, hrapched or
unbr anc heg?ac tci_a’EbL‘fPélEPl%ﬁ’ %Hg%g%? 9 t’?f%ﬂnea‘fa%ﬂneaﬁ%‘?s’a%g ﬁ%ggor |

unbr anchedyacrbtitchiveh @b, o BRSPS 20 REbGH k@M &RSNs. Pr anched or
unbranched, substituted or unsubstituted al kynyl ene, as a connecting
group. Thus, it will be appreciated that for exanple where Ara or Ars
i s connect[®846h adetieed” afougrsuped hanen it hmopayalent groamatiradiedl Ars wil |
be a bival gp: r . v . cF I if, Arais
connect ed %@&2\@?8{;%%&{;15&%{1? %gg]g%‘%dg’g%? r? %gg&&f gﬁ%ﬁﬁggﬁlﬁg& Aénk anpl e an
aryl ene gravpatiatdegouniana aycliarcpmpgtediBaving 442 pi ebdciondehapprieen at ed
that where any of m n, p, r, s, x or y is greater than 1, then the
li nki ng neytesgicarabianeessterian onsertainenhodungtis the argh grapas magor
exanmpl e, if »:] i , 1 hen
ei ther of taﬁgﬁ%}] g?ooﬁi)ogbaﬁggoieleahﬁ}k%%ﬂggf Ofé]? '? ﬁ(ﬁ?@%{bk{@h@e %r &g%tg?}%,& As
wel |, it ifsorpdgsiSbibackbvat caboe atonanfromes ©f 30t haekAmegnrhopatamy obe

|l i nked to ,%one or 2§r%r of thg Ar Zngoups. [0063] In particular

enbodi ment oM AP 25 PgckRoge 41800 8i0HBct ed to each other by a single
bond. In particular enbodi nents, each of Ar4 and Ars is phenyl ene and

[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



[ 0066] An "el ectron withdrawi ng Ar group” refers to an

el ectron-deficient Ar group or an Ar group substituted wth one or
nore el ectron withdrawi ng substituents so as to have a tendency to
accept or attract electrons from adjacent Ar groups al ong the
backbone. For exanple, pyridylene, thiazolylene, oxadiazolylene and
triazol yl eninchidmgeN,&x Sy Simrdef i ci ent Ar groups. El ectron-w t hdraw ng
substituents include halo, perfluoroal kyl, carbonyl, carboxyl, cyano,

arnnoni o, nj t hi A I .40 1] : : Khone

t hr ough thehgy@aen?‘%g%#ﬁﬁai%%%p%ﬁggp 5%?5%%Q%§%F%§f§Q@ﬁpggdPSI
oxadi azol y| mansbftthid ezkbopk cgbougenms hB®6a rEpleceibiith 4 hetad atam, el ect ron
W t hdr awi ng. r o.M thdraw el ectrons from a nei ghbouring Ar

gr oup tendsuégmﬁﬁﬁgQé§’§V§ tron-w thdrawi ng Ar group nore

el ectron-dense than a nei ghbouring Ar group that is not

el ectron- wi {00iI9%wi ftgyilldiemppraciatedthat-whepea pratieddr dirgrapasiddseribed 8

sem conductor, .and thus no able to transport elec S. Cenerally,
eIectron-vwfQQﬂ@ﬂ%aﬁﬁné?gﬁﬁégg?@hTﬁgnﬁ?ﬁﬁﬁgg?ﬁg?%ége 1%{gé)rpositive or
del t a- posi t haterobi§Bin® Beddel Aaeaid dfthehsledudecddddnmosayakest, that thal |

el ectrons fromthe backbqne toward the substituent [0068]1n certain
enbodi ment s PAHEULEAP © Hﬂf e-t%?arglr 'F%f &g %ir}}rél{sélas‘%l’?c{juasone or
nore el ect r gRuidoeRANRG: BetbSbdyleHe ]Qrbﬁp athEik 2] thertifhe &In@ELY AR group

wi t hdrawi ng_ substituent _includes hal o

perfl ugroal kyl , carbonyl,
carboxyl , cyude)s WHhBePde anrﬁ“ﬂr"é?“?"ﬁ?r_éf@f"_}? &)E‘?VF‘EFI?N"I 1s X%;hoa%dﬂf nked to
the backbongyidatoushind: N oR¥YY BB: thPYenbintd M gmgs;@ngmuaahn Rytehdy! ,
t hi azol yl, oxadi azolyl and triazolyl groups. [0069]1n certain
enbodi ment s or bgterp@siepe giaeP-of Ar6 or Ar7 is one or nore of the

following Ar groups, in which each of R, R, R  and R'" is
i ndependent Foodoql 0.A GYR/Méhe” Blokip B ust@h&EINYd the bivhienythdica wppdheniyd
al kyl , perfluoroal kyl, al koxy, arylene vinylene, or arylene

et hynyl ene, bafy fompda Z0HTRdeger from 0 to 6. [0070] It will be
appreci ated that although certain of the Ar groups bel ow are depicted

as either npogssd! entn ‘@hyBilval @fdup agided Gbrefirio theivibyit fagicali t her
nonoval ent or bival ent, depending on the context in which the Ar
group occur &EmssertpbrBa s~ descri bed above. As wel |, certain of
t he conpounds are depicted with the bond that attaches the group to

the remmi ni pEDE t iToNs, e SyBOICOAPRLINGE] BSeif Réfers igagerillytto ai gl gremt,er  of
the Ar group ring, either at agn atom or 0ss a bond, It wi]l be

ac

appr eci at ed % RE1eNE SEHPFHFHLRIGETS- § R SRHEEOT §ORR R S5 FOUP AL ™ he
particul ar Alja@hPvilyleRy e @hlyBah@chd’) ah AS1dne BRup bftardidctan of the
conpound by a bond at any avail abl e position on the Llng.,IW(@rm (
R I )- vinylene group (“arylene vinylene”), a heteroaryl group and an adjacent vinylen:

group (“heteroaryl 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
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[0071] Each of in, n, p, r, s, x and y is independently an integer
from1l to 20. As such, it should be understood that each of m n, p,
r, s, Xx and y can be any nunber between 1 to 20 and any range within
1 to 20, such as for exanple, from1l to 15 from1l to 10 or from1l to
5 or from10 to 15 or from10 to 20. If any one of m n, p, r, s, x -
or y is greafkefiylbhdikeiykne el refpectiveltewaritr ssnogvaley apd bivalestanpl e Ary

for r) is chosen jndependentl|y.for each occurren gr oup.
For exanpl e hydigearkonra lgaqg?at %Qé% SoFe PHROE &P@eé?%ﬁ%%ﬂhg{ c%ogggr:lnd

i ndependent lyvh 1B & Ep@kine REm#oAs hogsalipsand Hi@b2 hydoqaeoni cul ar
enbodi nent, at 1east one of Ar6 anq i s phenyl, 4-

r
t ri f 1 uor onetriditaHahsprtains ORe HRFRG (1P %ﬁ\%@ﬁzot hi ophenyl, phenant hrenyl,
9, 9- di hexyl fluorenyl, pyrenyl, 9-phenyl carbazolyl, 4-cyanophenyl or
7- (4" - cyanqofsA]y 1)th8s, 9n shdspact fheieas goyided 4 congmnhd elformule@odi ment s,
Aré and Ar7 are the sarreC ?nd b@h&i "mgﬁél"_(%)
4-trifluoromet hyl phenyl /¥ naph , % benZdt hi ophenyl ,
phenant hrenyl , 9, 9-di hexyl fluorenyl, pyrenyl, 9- phenyl carbazol yl,
4- cyanophenyl or 7-(4'-cyanophenyl)- d‘,‘l‘glpdi hexyl f or enyl. [0073]1In
particul ar enbodi nents, Ari is phenylyene, Ar2 and Ar3 are both
9, 9-di hexyl fl uorenyl ene, Ar4 arid QQNa%g bot h phenyl ene and are
connected to each other by a sipghf bond;AA)6 and Ar7 are the sane
and both are phenyl, 4- trifluoronethyl phenyl, 2-naphthyl,
3- benzot hi ogoess) , ITphendotdienyib (1), Fadr ofdirhery ufd A isingdpendsytiey |
9- phenyl car bazol yl , 4-c¢cyanophenyl or . .
cyanopheny 1)@?@-%?‘??’?%%06%?6% oup; A4 FIARE ﬁl%’%enﬁlgrc}upia%?ter?a}rylg?e x and
y is 1. [0074}yiddearapiioutidse @hynytsnapioap;(ot i hetarvatytens piyindeiezed usi ng
standard organi c synthesis technj ques, known.in the art. es of
suitabl e synSAEs Y HEEHAHPONRE ’g?ﬁé:‘%‘gisuﬂfﬁ Wi ﬁeﬁﬂpjé)mzofathrgg ci%g&.)%rhe
Exalnpl Ss as ﬁz%?aln@l% D8A, gmnclfgaroﬁ alig_ﬁgﬂbhai hdtdialkl) brathed @ambiaothedny blel
applied to couple an aromatic halide wt n aromatic am,.ne. wel |,
the Gri gnar delkesal brapehed phwnbagrched }ieé?é‘l?tuf%ﬁ’ gﬁﬁ‘%leﬁ & %%%Edcaﬁqﬁﬁis ng
reaction may,heusedinbAntiecd ketbMalkehABridched st@bladdRt aliboy Ryl ajd075]
As stated above, conpounds of forrmula (1) can be purified by standard
met hods, suchetasargldielpn chr omat ogr aphy or by crystallization from
solution. Such techniques are knowmn and a skilled person will readily
be able to a[mlsnl SUEBtid@ant B Snd 6f A encpeyDendepertiariyul a (1),

with mniml routine effort. [0076] The conpounds as described herein
are suit abl esubstituigd with PBHOIRYE é@%??i’gvylﬂ%dﬁﬂ%m%\?%t\’/ﬂlﬁg& Ot egﬁcgatﬁcti on of

athinifilm ﬁrﬁﬂcﬁr?\!@ BbstifiEnt® RIAHRESnt hAUSs a teRAQRE tAslRtdctbiter € i s
provided a thin fti conprising a conpound. of fornul a%%. %0077] The
thin filmisawetiimthedpekboneofites BPwREWRISH SLNESBIS SRS 1), whi ch
nmay be forme IOt - i Peddt 18 sdbstiRe@D BctrdQ00 nm
thick, from g%%@%lgg dg%t%%%uﬁé%%%r%fiﬁgéﬁr@éé fromabout 5 to about 250
mu thick, or withdmwngouistifietts inshdahaloasrineroatiyl, crrbonylerbekyTHEt:hi n
filmmay contain oth 0, ) : ' dhk m may
conprise a h@??loﬁlﬁtnelﬁ;’éﬁ 8@&%@@’5@@%@%? ?g\iég@g?%{gﬁ?etcﬂgﬁgeﬁm cal, and a
conpound of beygenllpgrifinjun, Phephastmmatidylj tiazelsly oxasiazelyl ExdHEOR! pol y( 9-
vi nyl car bazol e PVK), 4,4'-N, N -dicarbazol e- bi phenyl (CBP),

4,4" 4" 4ri ( Bazol e) tti phenyl ani ne (TCTA),

N, N - di phenyl - N, N - bi s(3- nethyl phenyl) (1, 1" -bi phenyl)-4,4'-di am ne
(TPD), N, N - p0GH7]- nappertislar-ohpdliimentis,phpastlond ofiAn BiphefgIprsea 9,94 ani ne

(NPB). 4. 41, 4Ll id SCN N0 el AL of BRSO AR AECEHRATA

tris(4-(di- 2opydiheylraoica@kah enythiripanizelacenibodARB)s, caFTBRBY. RPBI; PTDATA,

BFA- 1T, p-dnDPS, p- DPA- TDAB, MIBDAB,  spi [ 0- milT C. .. 0ol
phenyl enevi ny¥PER@S 9,8@1%}{1&@@%&11&@1 VF%@%@H@E@T ?@?ﬁdgg %lé%: g%h%f
Ar, and Ar; comprises 9,9-dihexylfluorenylene. In yet other particular
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- (N-phenyl -N-p-tolylam no)-9-(Np-styryl phenyl -N p-tolylam no)p
eryl ene [ (PPA) (PSA) Pe-1], 1,1'-dicyano-substituted
bi s- st yryhaapht hal ene derivative (BSN), or phosPhorescent emtters
such as PtOEP, Ir(ppy)3 or their derivatives. [0081] The ratio of the
di scl osed conpounds to the dye or the phosphorescent emtter is from
about 100: 0. &mbaddmerssy gachbf Ar, dnd082]s IPhdihtdyifluotdnkiemeraybe fornmed on a
sui tabl e substrate, which may be any solid substrate, including
quartz, gl as ca ArtliRs r as pol yet hyl ene
t er epht hal at 5] car bon ﬂleOdﬁ%grﬁgérpg ﬁé’ ypen%r silicon. The thin
filmmay al so be Ia ered onto another | ayer when formng a
nul ti | ayer edl0889] celadhiof dmt and s islintsperdealy fnGoB&le gTampt oheterbhglehbi n

film the co addi tional fil m.conponents
may be di ssog? %?ﬁ&gentsagﬁj%h?éo o% ga;a}{r%?eé I%/eevrllllt‘ytlengﬁfc’t UBHTE Y5 ent s
i ncl ude chl oetbynytane gtoop;Loendeteroatydeme ethyhjrlyde denz adt & which may be

1,1,2,2-tetr h THF, dic robenzene, S| ne and

m xtures of @ﬁée] gsﬁéug%lxﬁlﬁ%%}e\%mo?&l %ﬁ‘é%fé;ﬂ’é"@mnﬁ iM (r??ﬁ?gﬂ

foiined on aorsmbtaadﬂieéhstmroﬁ]aylebﬂaﬁctmg oﬁﬁ@mﬁﬁn@ aﬁl&ﬁﬂ%ﬂaﬁ@h@d@f coating
met hods i nclu %%éﬁé ﬁ‘& oatm&cglg ut| ati1ng includes spin
coat i ng, casr} " ‘il?rrﬂjl TaR¢ied @ 1‘,101%??1? gl ohar coati ng,
roll coati nguannbl@sdb@fercﬁQ@hﬂ“&an&b@oﬁQﬁHnﬂlgad aﬁd@ki‘)ﬁrﬁ@ﬁ& hé?& ar§lcr een .
printing, flexo %[slntlng, of f se orlntlng andinjet prlntln 0085]

The conmpoundEO%t A6 Geipied @P(}V@aﬁafenﬁmﬁ A5 gRps BRI RIOn 4 s the e ounds
may be used Apesansiraais] rkok uRReSE B, HRYH6SS « LOEhudi ng S ndl e
| ayer and nultllayer devi ces he conpounds of “formula (') and thin
films cont ai s EeRN corrpounds may formthe enissive layer in an
organic light emtting diode, the active layer in an organi c thin

filmtransi s[DOGO]Or Inb@edddrd, Ve by o!t"ﬁr@ﬁn;%&%ﬁ‘; Iﬁa PRyl ¢ cell.
nown in the art hus |n anot her

Such devi ces, ers are
aspect, t herIB i nJﬁF%’(ﬁ“é%tHuféd FéhororBers of: §ilﬁ§hla, mm@mﬁr@xﬁf arfiide mul a -

(1) or a thld@nﬁéctda\t&@madk%bﬁ&haugm{eM%erpfcm%&m@&ﬁe&éa to th$§087] I'n one
embodi ment, with reference to Figure 3, dévice onprises an

em ssive | a}@?kb\? tbé%‘rﬂ%ﬂlesqxﬁéenaph%ﬁbmnhﬂ%ﬁhlﬁb’i,rﬁlﬂyhpmf)lyla&é st at ed
above, em sgipagorliayer 310 may further include a host nmaterial in
addition to the conmpound of foula (1). [0088] Em ssive |ayer 310 is
di sposed bet{ﬁggﬂ an el ectron |nj ecti ng cat hode 320 and a hol e
injecting a 3302 Ptig at3gpet ong of Ay« andtier is ahenhplabl e of
conducting hahe ar@Bard | ayers. Anode 330
may be gol d, ?ver oreﬂilbﬁg%dtje?ngtélagﬁgf%%d%oﬁﬂeﬁ?, conducti ve pol yner
| ayers. The 6@%& 30 may be reflective, transparent,

sem -transp 6{ Furtherpiors, eptipnally one or more of the pairs of Ar, and Ary; Ay

and Ars; Ar; and Ars; Arg and Ars; Ary and Ary; and Arg and Ars may be
connected between 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 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 Ars or Ars is connected
to another Ar group, then the particular Ar4 or Ars will be a bivalent group rather

ﬂ than monovalent. For example, if Ar, is connected to Aril by a linking group, then
Arg 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
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[ 0090] Cat hode 320 is any material capable of conducting el ectrodes
and injecting theminto organic |ayers. Cathode 320 nmay be a | ow work
function netal or netal alloy, including, for exanple, barium

cal cium magnesium indium alumnum ytterbium a calcium silver
alloy, an alum numlithiumalloy, or a magnesiumsilver alloy, such
as, for examp| mdan, akliayedmrelifp and heredvidnd, then aitlieo obthe Awggrewis At o

il [ t 1L (US 91, 129 I i
ati o of I | ORIURRC TR RO mRont e Ser i e 88 BEE (i
eta]. (2002)meQu; broupPRby beked todind br B8fe-3 88 Agdgmoupt. al (2004) Synth.
Met. 143(1): 97, Kimet al (2004) Synth. Met.145(2-3): 229). The

cat hode 320 be_a si.ngl e |ayver or, ha o)

Cat hode 320 [%]corﬁ)m"@% ?ra??%f’gmgf‘ts’l A ﬁ%fcﬁ’?n%fa?euor | %geg ti%%#l%%#fjﬁ‘{ and

si | ver. The aGalghaded 38Gattylabenbeitheay, tach of treand pas Bmhenylene and

sem -transparent_ or translucent. 091]1n rtain enbodi nrents, one or
more of the 2n3We Tafy Wﬁlfc@‘gf%’??ﬁlé[’tgﬁra’;@emgg%%%ﬁt ed on a support 340,
whi ch may be transparent, sem -transparent or translucent. Support
340 may be 1o@B4], Rath exayphdAfUainteendendy as sryleoe gy, aietezoaflexi bl e

pol ymeric substrate. Exanples of flexible transparent

sem -t r ans p&FERi arbﬁrylﬁ?eaﬁ’énﬁ?}@&?ul’sﬁh%?rpﬂg efﬂﬁgfe’ged%r?upof‘}? 1B ot
limted to, .aEhyEdd &6%; oPPhitérbiryiahd ¢byRhb goapesy opehikidaybene
terepht hal ates,  pol yol'efins such a

pol yami des, SpestitreedrWithognetor moge aafnlafa%&%é%%%%ﬁﬁeﬁgﬁg?%gwggd@t hyl ene,

pol ymet hacr yh,onhideh h&eroRRY1Y SladdHeM ESunbRALHAd! aﬁlééhﬁl(}&bﬁuh'b@& undfeiched
fluorinated polynmers such” as pol ytetrafl uoroet

Ie%ﬁ. &%gQZ] The

devi ce my detepallseylf brandhed orambianehsA alkypyyraached or GREDEHodi nent, as
depi cted inf b h: IHBEmARA ali® xR ArR 8@ &odrk ORbuL Md ti ng

di ode (CJ_ED)h.e 6%8%% T?]us, egglvyl%n%gan400,a i_}r%?a dition ?oyg%i%fi ve | ayer
410, devi ce M@Oonsigbodefrsmuial Apgroapidvidin Ascts Mathe PR PHEYHBsed
bet ween ano ;i SSil Y, 8¥ tCRyiAR D hBetddasea hol e
transporti n3@@%‘?@%%@@%@?@%?g“r%’gaégﬂ"i%ng Oicﬁ};ller' 4{40 corrprieses a
hol e transporting material, which is any materi al thatgﬁ(ﬁn I ransport

hol es from tIAB6%EIN o dbdditiumaily eblepsh anceefi Als prfeAT A3 ABrelopren WEIRTEREE & ol e

transportin {quyt ﬁg):o?lsssuhéﬁﬁlt i1f e of %RMPY Ect@n WitklidbveneQhibstituents.

pol y(3, 4-et nedi oxyt hi ophene) and pol y(styrenesul fonic acid), or
may be polyaniline. [0095] Optionally, a hgle injecting layer 480 may
be i ncl uded (886Gl e A iRbertron EhdrAWIRA & uPa KRS i ?’Wé)e g?/gi%l%% Hol e
injecting | isSR8nRedPkfore Rl Blokd AGtHBRWRhd@kingsUCh as
4,4 -N, N -dia%gﬁrpbéggﬁg%ﬁﬁ%ﬁgﬁyl CBP) ., 4, 4", 4" e

tri (N car bazubgituantsshanipl et sien er@%&»%ccmt prrathach FEFipns fowp.a6iagqns-

rnet hyl pheny Dl =4 A - é'nqlgp:' ; thiddbiMendi s( 1

“napht hyl ) - N%%ér?m%iagﬁgﬁ%i@%@?bﬁﬁgny1_’2’?2@5% ni ngi “UNPB) . TDATA,
TDAB, TDAPB, oxhdiBhiDyleRRDd tiRTOIAFAS aBRkketton-dgiictpriDRSSIORSDRACCHPAB,  MIBDAB,
Spi ro-nrTB, Q 4= [ | byt dygs, or
pol yfl uor enevg)l?r% § %1& égj%ﬁlégrﬁggg%&gﬁ%é’gﬁf\}?ﬂc(ggﬁaégé%sgﬂg%%}?’odgaﬁy

i ncl ude an edreabdmiemitis, #ispbstiforyl, laaydr linksdtodhs paskeabe oowidhe eni ssi ve

| 410 and the cathode 430. Electron f. oF ti g
compr i ses. arPREHL PYGIEP aPCRIER PR Il QU Eesl |

that can tragspert electrons fromthe cathode 430 to the emi ssive
| ayer 410. Electron transporting naterials are known to a skilled

person and i e um.num-tri.s(8- hydr i i

2- (4- bi pheny‘b)%l-szf( Preitdh 3 %??érﬁ‘;} i‘ﬁ‘h%%a%%%éﬂpa@ Sfthdrgw clectrons
2,2',2"- (1, 3xbmlaeRiab@iing Bl ptoub senfd tophekeyh <lbktrbewithdrwdag 8k gjopp
2- ghi?g Lg((jll axznlgFetee? ltr) _-_3%1_%2 g{laf\{ la_ng"l’ O%hgé l&? ér%lug th(ag-fg%%f electron- '
phenyl ene) bi gfBddwing, simlireh Mypeaidieta)spRelal di séhibrdhigtontnd thus

more able to transport electrons. Generally, electron-withdrawing groups are
12
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bet ween the em ssive layer 410 and the cathode 430. Particularly, the
hol e bl ocki ng | ayer 460 is disposed between the electron transporting
| ayer 450 and the cathode 430, if present in device 400.

[ 0099] General |y, the efficiency of OLED devices nay be inproved by
incorporating a hole blocicing layer. Wthout being limted to any
particul ar t peopsythaticteates poeitivesaiditi-padititehegibiOMP degie thedhiclibbee sol e

bl ocki ng mater,i al..prevents the charges fromdiffusing out of the

eni ssive | ay®r® ElltlaF nRgPe ¢ ?‘636%%8?%?{@%?&&%@% sufficiently low
el ectron barrier to allow el ectrons to pass through the hol e bl ocking

| ayer and enf08681 helnamitsiaiembodimygrts, af ke oné 6f A xaAPli€subkiBuld Q8K, 147;
US 6, 784, 106 _and US %0(%%023 88). [ﬂ?? OOJ Th]g hol e bl ocki, | ayer 460
conpri ses a HOI% "B DERTTNE MHEE RS CBISHVIERP Ay SlReiter i ™ai%e known
to a person sistithe@incldéd el pérfluabaiyiNehiuies, cir@@x(%&%ﬁbl, Snmonio,
2,9-dinmethyl-4, 7-di phenyl-1, 10- phenant hrol i ne (BCP) and 1, 3, 5-

tris( phenyl-‘?irﬂ’éh’?i]ﬁi %’%@ﬂyﬁ@%ﬁ%@ﬁé" @?PEI@?“%’@P&%&PW%%I e bl ocking
| ayer 460 i iR phb ABNIRE p @1ISL tHi BRI, IRBE LA bitDir s ), and
may have a tS%}fdgknessP fgjrh exarr%iﬁ{e%f abo}?Jt 5 ur nﬁto aﬁ?%@%m

[ 00101] Devi c y optiopally include an electron injecting |ayer
470 di .sposed[(zo‘loi?}'g)((e)dingtc@Tt n.’é‘g%q"éle‘ﬂtﬁé‘ti?é%tﬁfiﬁ%ﬂﬁser. Mﬁ%ﬂl@loé@ﬁﬂf .

i nj ecting | apBswihgArGRITBE, S RBicABachloBRL ROR" kit RIS ERERT 1Blo, Whi ch
is any material that can efficiently transfer electrons fromthe

cat hode 430 ©8RRPE: FBPPTYE SHepbrstivhensi-alet raiporogilek alkery. mnf.ect i ng
materials ar@yonibe, & RAERAMRhL 8 4 1t hifedh foftolenC] ude, for
exanple, lithiumfluoride or lithiumfluoride/alumnium The el ectron

injecting | 470 general |y may have a thickness nmuch smaller than
the thick ne3§3%91 { e Vihbe EScietsg et alftough eorigi i demdr gpwnstelow are

transporti ngdebR¥dras 4i8r AR VIRYt H Rl LAY & he@XRGP! € of about
0.5 nmto aboegt 5.a(S) mJ_r[OOCiOZ]As, vvithtde%l/ifé%&%%éa%&gw ce 400 may be
deposi t ed orMPROVRER %BRivalest porspding poibe 03Yia invhich e Aagproporated, t he
device may b BinRaneds BcARARbBN s il ERfEMNr dAYRSulddfl {1 erent

ways, and other |ayers -not specifically describe epicted in

devi ce 400 raspicked sathiyle panddlesh pitgcb@tbeizraep taghd remiaining dottidpef depr eci at ed
that a mat eriogl,ohidasSEEeMEr I Be L friction.i n

el ectrol um ngsggnt agegtlrec_eg meet%@ﬁgﬁg%i‘g%&gﬁ?f@c ltlg%gagm% ?tgrﬁsoﬁorti ng
nat ure of t resrasoipondndiswidifbefappmaibted thil such depseios dnipeodedso rapyesdne f ound

in other | ay j i i ces. .For exanpl a.conmpound of
formula (1) t%@h écﬂo%lr'ltgsc{afé’tr 8{?%&%F}g‘lggggér(écggsdstﬁéﬁetre%l?m%lg%og{oﬂlpg,&’et he hol e

t ransport i ngeolmpyerd byarbonti et alyeetilable pbsitims@othe king | ayer. [ 00105] Thus,
the presently described devices include devices in which at |east one
of a hole transporting |ayer, an em ssive |ayer, a hole bl ocking

| ayer and an el ectron transporting |ayer conprises a conpound of
formula (1). [00106] The above-nenti oned devices may be prepared by

| ayering the relevant |ayers on top of one another. The | ayers nmay be
prepared by nethods known in the art, including solution coating

t echni ques nenti oned above. Sol ution coating steps nmay be carried out
in an inert atnosphere, such as, for exanple, under nitrogen gas.
Alternatively, layers may be prepared by thermal evaporation or by
vacuum deposition. Metallic |ayers may be prepared by known

techni ques, such as, for exanple, thermal or el ectron-beam
evapor ati on, chem cal -vapour deposition or sputtering.

13



EXAMPLES [ 00107] I nstrunents: Nucl ear nagnetic resonance (NVR) spectra
were collected on a Braker DPX 400 MHz spectroneter using
chloroformd as a solvent and tctranethylsilane (TM5) as an internal
standard. Matrix-Assisted Laser Desorption/lonization Time-Of-Flight
(MALDI - TOF) mass spectra were obtained on a Br aker Aut oflex TOP/ TOP

i nstrunment . t;?ﬂ“Pe;é?T nceNt Uld ant %
conduct ed on e S
cannl calor

2996 phot odi ode array det ector entl aI
(DSC) was carried out under nR trogen on a TA Instrunment DSC 2920
nodul e (scanni ng rate of 20C mn). Thermal gravi rret ri c anal ysi sr( TGA)

was carri ed ng TA | nst nt T (heat rate

of ZOC/mn) I|c vV rmetr ex‘c?;g_i}ﬁnts per f ;d on

an Aut ol ab pot ¥t i osta/ 1 \ PGSTAT3 asure

were recorded in dichl B than aith 0.1 N Aet rabutly

hexaf | uor ophosphat e as supporting eI ectrolyte (scan ra e of 5 ni V/'s)

usi ng a conventional three el ectrode configurationTon& sting of a

pl ati numw re working el ectrode, a gold countér electrode, and a

Ag/ Agel in 3 KE1 refer epce el ectrode.RThe measured pot entRal K were
)y

converted to (satu aved cal | el ec de) and e corre ndi ng
i oni zation pof/enyi al T and édtron dffinity ( wal uesNweiNe

derlvedfromth onset\ r gdox p ntlals 5
energy | evel at| ve 20\§vac '
Eox-onset + 4 ‘: eV) bsor ption and

obt ai ned using a Shi madg- u UV-&l VNSNI R spec r ophot tnefter and
a Perkin-El nmer LS-50B | um nescerrce spect r‘?;photorrete with a on

| anp as |ight source. The solution spectra were neaSured fffiom F

di chl or onet hane soI ut| on. [00108] Synt h)§| s: The synt hesi s net hods

descri bed beI o] p| c n the syit hesis schematic de iscted in
Fi gure 2. (4- % henyl )(R%ﬁl%a—z )—
9-(4-br ormpheny ar baz % prepy t u | rranH React i on
follow ng the procedures reported inthe literature (Macronol ecul es

2004, 37, 5531-5537). Briefly, a m'xture of 1-brono-4-iodobenzene
(2.83 g, 10 mmlr) coppegi OXI de §6 g, 20 |) and carbazol e

(0.84 g, 5 ta %,ggidto

reflux in an oi Nbath f'o h und Nat nosph NThe(r‘e Q@n
m xture was cool%d to roomtenperature and then fllétered to renove
excess copper conplex. The filtrate was evaporated to dryness and
went through silica gel columm to give product, yielding 1.22 g

(7699 . 111 s 15(p 8N13281 d,J-80Hz
2H), 7.715- %T ,>%H) 7637 247 Rty .
[ 00110] Synt hesi 870 4 (2 br Na 9- drh vl 41-F1 uo N? y1)
benzonitrile: 4-(2-brono-9, 9-di hexyl-9H fIRuoren-7-y0 benzonitrile was
prepared through the followi ng procedure. A m xture of

2, 7-di brono- 9, 9-di hexyl1- 9Hf | uorene (0.985 g, 2 nmol),

4- cyanophenybdyan onigg, 4

tetrakis(t rE[phegtyI phdﬁ&ﬂn?r?g? rl %ag& umg?%f)l%enﬁggnﬂte@?%g%l )to %\Qere
added to anAgispchf it gleoud lmdm@m&rtbatwbom 1,0 yereand3fearhy agnd aqueous
2M Na2CB s Xt was Vi sly
i 11 ed undar oy Sameb bulKand MG b e Hidin o B R S S B e o

| ayer was sépky &bwd tarid ot fremdduSousiqahite l\ﬁaﬁﬁemtlroastzedlf\&h&lﬂne%fher
The organi th and dried with

c | avers yere washed wi
anhydr ous NSJS&P r"Ish S\%%*’fef@kté“’&t/é&f&ﬁ%etf V%tﬁ@ftg??élpl(@éP’@Hé’ A8 sed
through a sidriiciacigabn mdépdemibntlgi 16 kagh QbuRdse€oMbAMGLoue 78 QRkRined by
recrySta”'ﬁrﬁtlon% cge)% eW|thay|eId of 51% “1H NVR (400 WHz,
CDC13): 6(p 82 7 SEPpS IS? hesen indeppadently ﬁozrtthereelamng 1H),

4 Ar; groups. -
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foll owi ng the above procedure. A m xture of

2- brono-9, 9-di hexyl-7-i odo-9Hf i uorene (17.26 g, 32 nmmol ), copper (1)
oxide (2.29 g, 16 mol) and (A (2.07 g, 8 mol ) in 1-phenoxybenzene
was heated to 210C in an oil bath for 24 h under N2 atnosphere. The
reaction mxture was cooled to roomtenperature and then filtered to
remove excesH0Z8bpeh naginglae smbatimerits, lat least enenefsAre wair, #¢ pheinglod-dr yness

and passed t (W C m_t.0 gi Vv roduct ielding 4.35
g (50%. 1H ﬁ@%&%%g‘y%‘%ﬁ%ﬁgﬁfg}f’(ﬂﬁzﬁﬁﬁmfgﬁf’&@@?‘ﬁf_‘e‘f e‘tyb?é’%- 7.7 He,
T 551770263 (Gt fo g T aT (0 e N TELe 1 es (

: -7. - = 7. . L. - 1. m
81-1), 1. 174§y%1.“¥g‘§%?1‘%?‘]d§’ﬂ511 uoTgy e E*El,ggdjm‘in%.@s andAr; g5y
0.726 (in, B8itp sdrfd) dBoBy it baiyh 4atiflcaoROMHPhéSS), 2-faprmaund (C) was
pr epar ed thro%gh the foll ow rocedure. To a solution of (B) (2.16
g, 2 narmol) P9EURR Blughef‘ﬂ?fgr% » S pingrylilvgenshdyreaef8d n- but yl it hi um
(5 m, 8 henyllc&bAzbR1, Aessahsph 4 654 i +7/8C for 1
h. 2-isopmf§%, 4, 51,?5-tetran%%yggﬁ?g??%{O%g%ﬁggagg%&rl%lé%ﬁ%&%?& M, 12
mmol ) was ad apjdly. to the solution. The m xture was allowed to
warm t o roon&ﬁz%e i&tﬂﬁﬁﬁuﬁhﬁn@@m@éﬂ%%%@gﬁ@e» Pracangide: g Bothas t hen
pour ed into YaldekxANthrexldnacA end\hERrdioft fhthylBi MR arelddfndicd ! C

extracts were conbi ned and washed with brine and dried wth anhydrous

MySO4. The sOFYeREr Bidsinginbpnd Aty aad Arraselihe samqrnd detivase phenwd. #he crude

product was panbbinetlyYedyeelitph@ll 5halloas | or of orm
m xture to afford 1prg u?:ty?3 igl dillﬁg 1.??%%5%%@58“0%?.6@%@(400 VHz,

CDC13):  ( ppifresiiigrng, neenyl.d-phyrylgarbazplyl, 4oepnopherst o 72(601 (d, J= 7.6

Hz, 2H), 7. 5 _d &3; -7.149 (d,
J= 7.2) Hz, %é?%@o%%éhé@w@@%%a&%%y?‘g?}Pzg%’,‘a’l‘i.%g 11.104 Em
24H). 0.804-Q.770 (t, J= 7.2 Hz, 12H). O.722 ém, 8H) [00114] Synt hesi s
of conpound [po74 m Kiaseeppynds 9@??9@1?1%2&@?3 spnthesiaed weing stapdaehy| bor oni ¢
aci d (0.6 M@kanic ARediSlobiakdusé Mdﬂhﬁ%&@%gc%%}g@?éféaﬁ&m@% i 3- 4ng,

0.003 mmol) were added to an air-free two-phaSe m xture “of tol uene
(15 niL) and Berhareeous so RN ZEES Suldin therExemplesnts set qitbelowsTirt i ng

m xture was é&%ﬁﬁt&!tﬂ.&'@l%aﬁ{ jehdied n&ﬁ?%%%gﬂ%%ﬁ&fqﬁ%ﬂ%ﬁ%&%{a%c g%]lid]ejsx%% for 24

hours. The organic [ayer was separate aqueous phase Was
extract ed wianprandiieamulhdsoraatiie &rigagd reactian, theltitih edlctidntdnd el ne ( Tx

50 ralL), an L: i g@ Wy, EQM «.The sol vent S _evapor at ed
and the resi A%glhggusﬁsﬁ\fggpeta rouléI a é?lgéﬁ%cl%gt‘g? arggllau?mi\{l.ngt&’.n\é\%méjsbf pure

conpound 1 was obtained by recrystallization in heptane with a yield

of 83% 11- 1NR¥Jl400Aatted 2o Symp@ufippffprdild B)icande pRkificd By, B@Barfli n,
277 (g e Gcn e S o hont s P cdich rfy bl 21
1074. 79 ( calh tebloiques ari8eme aidwskilbB)perspmadl] rebiilyrid:abl,fo BSpIPSich H,
8.05, N, 2.7 - 34. H 8 .06:..N.2 60)..[00115] Synt hesi
of conpound 't%hgﬁﬁ%%qg%hﬁ rcgmgg'?n(d%?ffoﬁ? 111%&8 ’g"f’lﬂtf?’Tgn%ﬁ%‘F‘)ﬂ,L et Synthests

4-trifluoronet hyl phenyl boronic acid (0.6 nmol), and
tetraki s(trilp@&ly| phespibersls predesaibied er¢id.adnyitatde 0 3ointiml ) wer e added

to an air-fr - e m f. 24. tol uene (15 and an
aqueous 2M @%&%ﬁé%ﬁﬁéﬁﬁ % %gfnﬁ)ﬁ?c.umf'ﬁga ﬁhé% TR HTS PG FUnRRRads.

vi gour ous| y Bwi,in ent aspatetherigomovidedrodihiihecoaipridih@ @ cb@poudd ofour s. The
organic Iay%nnv\@és )separ ated and the aqueous phase was extracted with
et her. The organlg'layers were washed with brine (2 x 50 nL), and
dried with anhydrous MgSO4. The sol vent was evaporated and the ,
resi due pasq8@7#lhr dlbg thim fign Is athingefer caltainng a Gordpdung oPforsls €),conpound

2 was obtained.by recrystallization in heptane with a yield of 63% 1H

NMR (4001\ 4%%“*‘6%@’1‘3?&’?‘1?%%%&% ‘irgéf ‘tr} ,Oﬂgﬁtl?f“}t Ol tpepgot %90 Bpthigk, 7. 734

(m 6H), 7. it {dut Pbkpout 5004 thidk, Rohfldbout’s haBouti280 nBXlibk, of m3R7 (M
about 5 to about 100 nm thick.
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(ppm 141.496, 141.290, 139.818, 126.222, 124.905, 124.585, 123.781,
122.581, 120.668, 120.241, 110.212, 55.706, 40.700, 31.938, 30.057,
24.330, 22.892, 14.323. M5 (MALDI). mz = 1186.76 (calcd. for
C54H86N2S2: 1186.62). Anal. Found: C, 84.86; H, 7.46, N, 2.45; S,
5.25 (calcd.; C 84.94; H 7.30; N, 2.36; S, 5.40). [00118] Synt hesi s
of conpound BO781 ni Fheithén i ey con@rin FBergomPorichitsmirot dxample, the thin

9- br onophena : . ral.ci.s(tri phenyl.phosphi ne)
pal | adi um (3%’?%%‘8{1%’(?3 m%g%?@%?%ggéﬁéegn%ag% OWAe E%%‘%vﬁ?—aﬁhase
m xture of tetnupaned ¢Afrmuyla (I). Birechostmateyind aiag ba MrNeakxl8psigfout i on (12

athospher o o rBEel 0, K8 SR BBl e B LA oG e anc
wshed w th brroe (2 B e el arer oS MySoL The.
so: vent was n&s@%@l@%’t}@@’ESP&P%A‘@)-?%W&W@%EEEWW%Ggwplah NN gel

. 0.12 - 11 : i i
col um @plenof l,pur@lﬁwmﬁlﬁnm),@lﬁ% %! -EM%Z@N’WC%%%;YX%&%& i zation

i hept it el f 67% | Fl

04 (4, 24 yPhes ARG AT, 145 o dipbenybpytio)benses ((BABRAS.5- 634 (d,
§H)22187'( 51806@1&@(’4-1(&’5&7- yﬂ%@ﬁgn&)ﬁh Gk ?g’l%nzgnﬁq%%%m’ Ioi%%%z}f%? P Ef%{mg%s
(ot NEBRARLDFoti, b DA TR ABOMIBRIAR sifom TTOPREIbA K274 74)
Anal F d. ; ; Gy . . H 7.43; N, .
s, b, Gl b b s

2.20). [001191]1 ynt heSis "0 re >’(0. 17649,
0. 15nt nol ), Sbensfiexghoplkinke rylyidetybme relypgrrelamijaniliaad-phenyl-
tetral cis(try )] 5 hhe), i . [ wer.e
added to an S ropips PRl BROEATT ol SimD e e
aqueous 2M NaR6ogadiasblet(PBH), ( B2-ora)liazdlne, 2@ Aubtehyignealbix(5y4-€1,0as

Vi gour ously I t o e at 11 for. 24 _hours. The
organic | aye&rﬁl\%\%@%@g@‘%gﬁggbg@yf%g Og%&fygn%ﬁ%egny@ggptggw-égt ed with
gt he(r]I : Tﬂe Rhﬁl@éme&lﬂldibeAK)qmﬁgcm me@apﬁ—qj;Ah(UDm3,(P32§q,m m;z%)]z, and
ried wt r The S evaporated and the

resi due pas?ﬂ%ﬁ%h%ﬁﬁzﬁ?é@g‘%ﬁi%ﬁ%%ﬁ: 0.157 g of pure conpound

6 were obtained by recrystallization in heptane with a yielding of
66% 1H NVRIPQTR] MEhe r@dGHHe host ip pErgonBodifiiof (k) () aytdidndl, 211),
7.750 (d, 4 ) 4y 621 (m 4H), 7.453 (n, 8H), 7.362
(n, 611). 7%%‘%1??1‘16%%@0??@%1%m 1811), 1.126 (m 48H), 0.771 (al,
40H). Ms (I\/ALDIJ: raiz = 1587.28 (calcd. for G isH142N2: 1587.12).
Anal . Found:[0€80]1g89 Ad@magiyelg, thothinNjInim#8cofrpaise ticamGund@8E B3auld) & 01;

N, 1.76). I d 7. A mxt f (C 0. 176g,
0. 15mml)) , [ %@%%gﬁnﬁ%ﬁ 2[?(;1& I%Oﬁglﬁi&"r%%,ggsgena& Of@}cﬁég%éﬁﬁﬁwé%ﬁ%gosphi ge)
pal ![adi un} ( Imufitengfor €xa00B:, ;lycs sadh)as Wbbaddmﬁzélpl)ézm,’@i-feu%m?@ytw?-l gh?ns_ )e
m xture o : agueous ) , sol ution :
The resul ti tr%g’%ﬁget%ﬁfﬁéé%ﬂg’s\@g{dﬁﬁﬁﬁ y %ﬁopé%wzﬁ‘r]dtﬁ?ea}"%spher e
a';] 110C for bf@ﬁMpM);ﬁhﬁeﬂﬂl}gﬁﬁbﬁH&g&ﬁzWnlaqmg,na@dqq,amtﬁyg@gﬁq_u;ac;us
ase was extra er...The organic | ayers were washed wi

Eri ne (2 x é&‘bﬁl{’?%Stém?tﬂ?e%%e%qiggﬁﬁ%gFﬂh@Wéchﬁ@: ghrapeft was
evapor at ed @icyahbieeth@end)2e-as$a@-difheRHahindst i) 488 @l (kerpym). 0. 108

of pure c ound wer e ohtai ned by recrystallizatioh in heptane
\?vi th 2 yi el mn%%@fgllﬁwT@S@Yﬂﬁi@y@w&ﬁ;@iﬁ@%ﬂw@@w&% d, IO211),
8.260 (d, 2DCDBCWmbMy1-2HL 1,1 2H) e . , 8.121 (n,
4H) | 8. 05 mo)l, 2% g.%46%(5},1862&%%88#%%12{(_@#7{0{2321’%’)%1%t%%%élla%in, 2H),(
7.758 (d, 2ML4EEIGbl-ora-3umpberzoliels (m 2H), 7.460 (n, 6H), 7.381 (n,

0 806 (1, 15 e TR ATy P Eipng Bt b afbhyydtllie OB °1)

C100H94N2: 1 .74). Anal. Found: C, 90.65; H 7.02, N, 2.13 (calcd.:
C, 90.73; H, 7.16; N, 2.12). [00121] Synthesis of conpound 8: A :
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[00122] Synt hesi s of compound 9: A m xture of (B) (0.162 g, 0.15
mol ), 4-cyanophenyl boronic acid (0.6 mml), and
tetraltis(triphenyl phosphine) palladium (3.4ng, 0.003 nunol) were
added to an air-free two-phase m xture of toluene (15 nlL) and an
aqueous 2M Na2CO3 solution (12 nL) The resulting m xture was.

vi gour ously 3@@&@1%&@@@@%9@@5%@&1% ﬂid)ﬂaﬁubb)p%ﬂdémur s. The

organic | aye te nd t xtr cted wth
ether. The oﬁganﬁlﬁg)%aeﬁ ae(fié'ae\?ag @8%83 %f}giie?e e and
dried with a@ESNIayhodthGRdcentldigittas kiwhnt PEEP, ﬁ@@gg@t@éﬁ cwﬁdatwa@

resi due passed through a S|I|ca gel colum. 0.147 g of pure conpound

9 were obtai y li,zatiqgn in h ewth avyield of
87% 11- 1 NNR(b?)%ag Staidpf '@2 disglo §°°m5’°1§3§£f§’9 G o3 e pidspagrescer
10H), 7.683 é@,ﬁeﬁH)”r,om?abBﬁtZlOOd) 012d.4out 11534 (s, 2H), 7.460 (m 611),
7.366 (m 2H), 7.301(m 4H), 7.198 (m 2H), 1.980 (m 8H), 1.095 (m

2410, 0.756( H) . (MALDI ). z = 1124.76 ed..for
C82/ 184N4: 11@?8@ Ty i Al e 8’m€§?’n§‘zf"‘é‘"il?¥e S}‘g’%tte th%‘“ﬁé’b(zéa}’cd.:
C, 87.50; H, so'ﬁdﬁﬁbstrhte icl8@hg qiPR 1Rk Syich, hqﬁasﬁc afbsenepeuasd 10: A

m xture of (C 17

2- br ono- 7- (4P 31%?3%%5&%?1@}%&%@% PRERYTES Bt hrettloveilican) The thing

tetral ds(triglhenyy geosoRide) omabdodid e whe Totmikk PR31MTRl) d¥gEL added
to an air-free two- ?hasg m xture of toluene (15 nL) and an aqueous 2M
Na2CCB sol ut " ALGHPderhe resul ting mi xture was Vi gourously stirred
under argon atnosphere at 110C for 24 hours. The organic |ayer was

separ at ed an@08BE afe &RmMIhPhasEmes c&ﬁpdxﬂabed)n\ﬂhta@%@%y addftiendr gani c
| ayers were %@}s/hed with br and dried w.th anhydrous

MySO4. The sOFREHPORERS 1@9%{5%&%1"@6‘1 ’&’r?dsuitﬁlﬁe Prgania s VeRhsSEHb e P INEh a
si lica-gel C]@bl'dﬁ@”lchl&oﬂ)ﬁﬁ t9luehe, RUER, %ﬂﬂﬁh‘i&ﬂte 01 9ereraidldiade bY
recrystallization.in eptane with a yleld o 60% 11- INMR (4(50 VHz
CDC13): 8 (ppH)> dch i%%b%zwam%%*ylenq%d@ﬂ@w ok ﬁ@ﬁforesmdss&bferrtssm (d, J=
7.6 Hz 411), 7.777- 7.745 (m 1011), 7.707-7.582 (m 1411),
7.527-7.506 [(0084}] 3he4thiﬂzﬁlm3h9y be?oﬂr@@'on a buifble duffadddsing Etaﬁ@ﬁd7 376 (d,
J= 8. 0 HZ 641 7.343-7. 293 231-7.210 gd J— 4 Hz, 2H),
2.106 (m 16iepysition sz?fat%m%@ﬁi}m ”émgéelubon?%‘%%ns WIPLL0atPSC NVR (400
Mz, CDCl3): m&lhde(s@?xﬁ')coﬂtﬁx% &Z@nog Hfo 2 Nire éoﬁgmgz%% 2batthéOhar w]:éangOfS
147. 266, 136.934, 121.96 197, 146. 589 42.027, T41.578

140. 618, 140°Bs0atinggyirey coatiyg, i goating FpiaY SOatpRGCIGR printng, BFS,

126. 237, 124y3fe okl M gmogr%qmggt% .199, 119.994, 119. 878,

119. 356, 55.852, 55.708, 716 1.947, 31.809, 30.063, 24.364,

138. 230, 123 Sg% 111.088, 24.237, 22.884 14.339. M5 (MALDI). rrik
= 1789. 42 (4 f Bie cempoyndz gf foymule tgnd thin films spntaimmgsech C, 88. 62:
H 8.25, N Rmbbul&dbeusddto %gns%at ei'e‘ctr&mﬁfiesdéht d%vﬂ:g's) mc{uggé%ﬂn%@ev' ce

fabrication and measufement; Two types of devices have been

fabricated dAYFrayhmplilaer deaises e comaounds pHfrmaga 6o rd hisrfms on.

00125] Conf SFIQQI / /A :
[1 2 rrg] of nt L(g)ﬁfagﬁﬂevaﬁlﬁc&ﬁrﬁ-@ ggﬁ{e %ﬂ(]:sglrr‘%o nds foﬁﬁjf or r%%fla (I?)

synt hesi zed %ﬁ@éﬁtﬂdﬁﬁb@a@mlﬂ@w ip Al 0@ Bni prthinp Hlny {rénsistompt thardive tdye)
PVK f l. t th h
(), vt S0yl s A SRESOLS S 60 v

light-emtting devices were prepared on patterned indiumtin oxide
(1TO coated? 83@]55 Fhiess toraapther aspins thuibistpravided adeviee cingaising 2and

treated wth, coat ed

pol y(3, 4-et hyﬁgxg‘g{hoxymﬁ%}ne?lgé%éﬁﬁ?m&ﬁ) ‘]é?%\ﬂ%g hcr%fgmmla .

pol y(styrenesul fonic acid) (PSS), followed by drying at 120Cin air
for 15 min [[668%17] Thia q@eleylhedlmsm‘.l with mafisenve teFigpiend; doitedd0 tanfrizan t he
emtting |aygr

emissive layer 310 comprising a compound of formula (). As stated above,
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with a thickness of about 70 urn and transferred into a chanber under
vacuum of 1x10l5 Pa. A 40 nal _
1,3,5-trithenyl-2-benzirnidazol yl )ben2ene (TPBD was deposited onto

t he surf acenigfive yeeh b man§uthey mcludgr heblewetenal inpféition émthand hol e

bl ocki ng. 4001028&&% ca ah@ﬂg was conposed of 0.4 mu LiF, 20 nm Ca and
200 nm Ag, KRR Ch 2 e | deposited sequentially. [00129] Al the
measurenments were carried out in air at roomtenperature. The

current - vojoiod8E, CUEMmBEILe layst BENG &ispbeddatesdnsdnl stsct:oh ihjb&inesatinds
were 29 recorded using a Keithley 2420 source neter and a calibrated
phot odi ode320mndspide idcchigg anedsctlded with an Ocean Optics USB2000
mniature fiber optic spectroneter. The photonetric data were

cal cul at ed{go%ggg Cuf}%%baé/%d g%wmta@amegpag?é@fC%H&luaﬁhgiefegfaﬁ@ of the
devi ces. [00130] The devi ce perfof mance o evi ces contal ni ng
conpounds ihjdcond theirsinguongamic Zears. Mkalk|380 lmayfeguold silgeramdnduara | - V

and V-L pl ot evices of configurati A. Taple 1. Su ry of the
devi ce per‘?’B&hﬁl&p Yreog ?FBSBHBP P gayfﬁ- S&Ffmnag%ﬂﬂeme}sh? f%?té%/q’on A
Conmpound  TidparB, bhi-Vlsh@es: RlrahQUcG/ m2 00 Max. Curr. Eff. (cd/A)

[0090] Cathode 320 is any material capable of conducting electrodes and
injecting them into organic layers. Cathode 320 may be a low work function
metal or metal alloy, including, for example, barium, calcium, magnesium,
indium, aluminum, ytterbium, a calcium: silver alloy, an aluminum:lithium alloy,
or a magnesium:silver alloy, such as, for example an alloy wherein the atomic
ratio of magnesium to silver is about 10:1 (US 6,791,129) or an alloy where the
atomic ratio of lithium to aluminum is about 0.1:100 to about 0.3:100 (Kim et al.
(2002) Curr. Appl. Phys. 2(4):335-338; Cha et al (2004) Synth. Met. 143(1): 97,
Kim et al (2004) Synth. Met.145(2-3): 229). The cathode 320 may be a single
layer or have a compound structure. Cathode 320 may comprise layers of lithium
fluoride, aluminium and silver. The cathode 320 may be reflective, transparent,

semi-transparent or translucent.

[0091] In certain embodiments, one or more of the anode and the cathode
may be deposited on a support 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 terephthalates, polyolefins such as
polypropylene and polyethylene, polyamides, 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



Max. EQE (% lum EL (nm) CIE (x53)) 5.4 9.4 1.25 2.12 426 0. 160,
0.085 2 6.2 10.4 1.19 1.20 440

diode (OLED).

[0093] Thus, device 400, in addition to emissive layer 410, device 400
includes anode 420 and cathode 430.

[0094] Disposed between anode 420 and emissive layer 410, device 400
includes a hole transporting layer 440. The hole transporting layer 440 comprises
a hole transporting material, which is any material that can transport holes from
the anode 420 into the emissive layer 410. Suitable hole transporting materials
include for example a mixture of poly(3,4-ethylenedioxythiophene) and

poly(styrenesulfonic acid), or may be polyaniline.

[0095] Optionally, a hole injecting layer 480 may be included between
anode 420 and hole transporting layer 440. Hole injecting layer 480 comprises a
hole injecting material, such as 4,4’-N,N’-dicarbazole-biphenyl (CBP), 4,4°,4’-
tri(N-carbazole)triphenylamine (TCTA), N,N’-diphenyl-N,N’-bis(3-
methylphenyl)(1,1’-biphenyl)-4,4’-diamine (TPD), N,N’-bis(1-naphthyl)-N,N’-
diphenyl-1,1"’-biphenyl-4,4’-diamine (NPB), TDATA, TDAB, TDAPB, TTBND,
PPD, PTDATA, BFA-1T, p-dmDPS, p-DPA-TDAB, MTBDAB, spiro-mTTB,
DBC, poly(1,4-phenylenevinylene) or its derivatives, or polyfluorene or its

derivatives.

[0096] Device 400 may optionally include an electron transporting layer 450
disposed between emissive layer 410 and the cathode 430. Electron transporting
layer 450 comprises an electron transporting material, which is any material that
can transport electrons from the cathode 430 to the emissive layer 410. Electron
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°,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), 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 0.1 nm to
19



0.180, 0.131 3
442 0.151, 0.10

.21 1.84 434 0.155, 0.089 4 5.6 9.9 1.55 1.93
1.0 0.73

o U1
(G2 6]
o ©
»O
PP

N

about 200 nm thick or from ébout 10 rmm to abdut 100 nm thiék.

,[0098] Device 400 may optionally include a hole blocking layer 460
between the emissive layer 410 and the cathode 430. Particularly, the hole
blocking layer 460 is disposed between the electron transporting layer 450 and the
cathode 430, if present in device 400.

[0099] Generally, the efficiency of OLED devices may be improved by
incorporating a hole blocking layer. Without being limited to any particular
theory, it is believed that the HOMO level of the hole blocking material prevents
the charges from diffusing out of the emissive layer but the hole blocking material
has a sufficiently low electron barrier to allow electrons to pass through the hole
blocking layer and enter the emissive layer (see, for example, US 6,097,147; US
6,784,106 and US 20030230980).

[00100]  The hole blocking layer 460 comprises a hole blocking material.
Hole blocking materials are known to a person skilled in the art, and include, for
example, 2,9-dimethy1—4,7—dipheny1—1,IO-phenanthfoline (BCP) and 1,3,5-
tris(phenyl-2-benzimidazolyl)benzene (TPBI). Typically, hole blocking layer 460
is thinner than the electron transporting layer 450, and may have a thickness for

example of about 5 nm to about 30 nm.

[00101] Device 400 may optionally include an electron injecting layer 470
disposed immediately before the cathode 430. The electron injecting layer 470
comprises an electron injecting 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]  Aswill be appreciated, the device may be prepared by combining
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0.99 433 0.157, 0.099 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

different layers in different ways, and other layers not specifically described or

depicted in device 400 may also be present.

[00104]  As well, it will be appreciated that a material may serve more than
one function in an electroluminescent device. Due to the ambipolar charge
transporting nature of the compounds of formula (I), these compounds may be
found in other layers in the described devices. For example, a compound of
formula (I) may constitute, alone or as part of a mixture, the hole transporting

layer, or the electron transporting layer.

[00105]  Thus, the presently described devices include devices in which at
least one of a hole transporting layer, an emissive layer, a hole blocking layer and

an electron transporting layer comprises a compound of formula (I).

[00106]  The above-mentioned devices may be prepared by layering the
relevant layers on top of one another. The layers may be prepared by methods
known in the art, including solution coating techniques mentioned above.

Solution coating steps may be carried out in an inert atmosphere, such as, for
example, under nitrogen gas. Alternatively, layers may be prepared by thermal
evaporation or by vacuum deposition. Metallic layers may be prepared by known
techniques, such as, for example, thermal or electron-beam evaporation, chemical-

vapour deposition or sputtering.

EXAMPLES

[00107] Instruments: Nuclear magnetic resonance (NMR) spectra were
collected on a Bruker DPX 400 MHz spectrometer using chloroform-d as a
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



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 5.3 9.6 3.50 3.40 446 0.178, 0.160

(model PGSTAT30). All CV measurements were recorded in dichloromethane.
with 0.1 M tetrabutylammonium hexafluorophosphate as supporﬁng electrolyte
(scan rate of 50 mV/s) using a conventional three electrode configuration
consisting of a platinum wire working electrode, a gold counter electrode, and a
Ag/AgClin 3 M KCl reference electrode. The measured potentials were converted
to SCE (saturated calomel electrode) and the corresponding ionization potential
(IP) and electron affinity (EA) values were derived from the onset redox
potentials, based on -4.4 eV as the SCE energy level relative to vacuum (EA =
Ered-onset + 4.4 eV, IP = Eox-onset + 4.4 eV). The absorption and
photoluminescent spectra were obtained using a Shimadzu UV-3101 PC UV~vis—
NIR spectrophotometer and a Perkin-Elmer LS-50B luminescence
spectrophotometer with a xenon lamp as light source. The solution spectra were

measured from dichloromethane solution.

[00108] Synthesis: The synthesis methods described below are depicted in
the synthesis schematic depicted in Figure 2.

[00109] Synthesis of 9-(4-bromophenyl) carbazole: 9-(4-bromophenyl)
carbazole was prepared through the Ullmann Reaction following the procedures

A reported in the literature (Macromolecules 2004, 37, 5531-5537). Briefly, a |
mixture of 1-bromo-4-iodobenzene (2.83 g, 10 mmol), copper (I) oxide (2.86 g,
20 mmol) and carbazole (0.84 g, 5 mmol) in 10 ml N, N-dimethylacetamide
(DMAC) was heated to reflux in an oil bath 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 went through
silica gel column to give product, yielding 1.22 g (76%). "H NMR (400 MHz,
CDCl): 6(ppm) 8.132-8.122 (d, /= 8.0 Hz, 2H), 7.715-7.695 (t, J= 8.0 Hz, 2H),
7.476-7.247 (m, §H).

[00110] Synthesis of 4-(2-bromo-9,9-dihexyl-9H-fluoren-7-yl)
benzonitrile: 4-(2-bromo-9,9-dihexyl-9H-fluoren-7-yl) benzdnitrﬂe 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,COj3 solution
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[ 00131] Configuration B (I TQ PEDOT: PSS/ i ght emtting

nol ecul es/ TPBI / Li F/ Ca/ Ag): [00132]60 ng of light emtting nol ecul es,
synt hesi zed as descri bed above, were dissolved in 4 nil of ethyl
benzoate and filtered through a 0.2 mm PTFE filter for device

fabrication. [00133] The light-emtting devices were prepared on
patterned i Aiditehk fhrregiRtEmEfureyat Haedens sicred waiss pigh eiomhees o

substrates Wegog 6l BAHbaE. BorkiBetaSE Wik bipaRXeiaea 1Rl a8dPRs filde was
spin-coated with 50 mu of poly(3,4-ethylenedi ox %hl oghene) ( PEDQT)

doped wit h perapted vy efes dibp eigeelc sayer)wePashed wi W ey iy at
120C in air ofof wiﬁ?mﬂﬁ?%rlplrlé 19%%@5 IhB s d@ lWas %ér_ﬁﬂeﬂ Ond"BL RG1LASasSQ Ut i ons

wer e spin-coated to e emtting layer wth a thickness of about
70 nm and t Haesshesilisergelvobinm. 0R2gioE pura prhdnctvegeechtaiodd hyx 10- 5 Pa. A 40

mu 1, 3,5-trj - 2- | I 2eNenk posited
onto the sur g?%{elﬁ%yéqnﬁggg@r?nﬁeﬁ@g %})y{é’% /?)'r el ec%@%ﬁ%r%},\g%tcggn and

hol e bl ocki A@pm) 004337Then,cGa)NDOES-NSS [@ohp8Sddz, dH),T.583+mMoki(E,/=20 mm
Ca and 200 ish e d ' L ally.

[00136] The dRVELATbarPamEREE OF da et anties) P aBadtiad™ to 10
I s summari zead,10H), TaBl-©.746 (tFV g areesz, 6Hab58-0062¢ (in; ¥Hipnd V-L pl ots of
devi ces of configuration B. Figure 9 is a plot of external quantum

AR B IR S S
Sunmary of dabiznkdphbdnacmmmnes A)tvas prpaadtirdigh theI0lndrhiRed@ionce
configurati ?oqmgin%o ;c))rch)Qe u;l;:ls'l ;e%-ortgcp in(thve) lit\e/rce{l'u%ea(gfaczqgmolecules 2004, 37,

' 5531-5537). A mixture of 4-iodobenzenamine (2.19 g, 10 mmol), copper (I)
oxide(2.18 g, 20 mmol) and carbazole (3.35 g, 20 mmol) in 40 ml 1-
phenoxybenzene was heated to 190°C in an oil bath for 24 h under N atmosphere.
The reaction mixture was cooled to room temperature and then filtered by fast
silica gel column to remove excess copper complex and 1-phenoxybenzene. The
filtrate was evaporated to dryness and passed through a silica gel column using
hexane and ethyl acetate mixture (6:1) as eluent to give product, yielding 2.37 g
(92%). "H NMR (400 MHz, CDCl): 8(ppm) 8.164-8.144 (d, J = 8.0 Hz, 2H),
7.432-7.395 (t, J= 8.0 Hz, 2H), 7.353-7.277 (m, 6H), 6.912-6.891 (d, /= 7.6 Hz,
2H), 4.019 (w, 2H).

[001 12] Synthesis of compound (B): Compound (B) Wés prepared
following the above procedure. A mixture of 2-bromo-9,9-dihexyl-7-iodo-9H-
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): 6 (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, ] = 7.2
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100 cd/n2 (V) Max. Curr. Eff. (cd/A) Max. EQE (% kma. EL (urn) CE
(x, ¥y) 1 3.05.6 1.2 2.3 423 0.155, 0.070 2 3.3

Hz, 12H), 0.726 (m, 8H)

[00113] Synthesis of compound (C): Compound (C) was prepared through
the following procedure. To a solution of (B) (2.16 g, 2 mmol) in anhydrous THF
(40 mL) at -78°C was added n-butyllithium (5 mL, 8 mmol, 1.6M in hexane). The
mixture was stirred at -78°C for 1 h. 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (2.4 mL, 12 mmol) was added rapidly to the solution. The mixture
was allowed to warm to room temperature and stirred overnight. The mixture was
then poured into water and extracted with diethyl ether. The organic extracts were
combined and washed with brine and dried with anhydrous MgSO,. The solvent
was removed under reduced pressure, and the crude product was purified by
recrystallization from a hexane/chloroform mixture to afford product, yielding
1.36 g (58%). "H NMR (400 MHz, CDCls): & (ppm) 8.186-8.166 (d, J= 8.0 Hz,
2H), 7.620-7.601 (d, J=7.6 Hz,’ 2H), 7.505-7.435 (m, 12H), 7.334-7.257 (m, 6H),
7.168-7.149 (d, J=7.6 Hz, 2H), 1.930-1.893 (m, 8H),1.589 (s, 24H), 1.168-1.104
(m, 24H), 0.804-0.770 (t, J = 7.2 Hz, 12H), 0.722 (m, 8H)

- [00114] Synthesis of compound 1: A mixture of (B) (0.162 g, 0.15 mmol),
phenylboronic 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,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 mI;), and dried with anhydrous MgSOs.
The solvent was evaporated and the residue passed through a silica-gel column.
0.134 g of pure compound 1 was obtained by recrystallization in heptane with a
yield of 83%."H NMR (400 MHz, CDCls): & (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(mm, 24H), 0.763 (m, 20H). MS (MALDI): m/z = 1074.79 (calcd. for
CgoHgsN,: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(triphenylphosphing)

palladium (3.4mg, 0.003 mmol) were added to an air-free two-phase mixture of
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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.
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
column. 0.115 g of pure compound 2 was obtained by recrystallization in heptane
with a yield of 63%.1H‘NMR (400 MHz, CDCls): 6 (ppm) 8.163 (d; 2H), 7.769
(m, 6H), 7.734 (m, 6H), 7.759 (d, 2H), 7.548 (m, 2H), 7.453 (m, 6H), 7.307 (m,
6H), 7.197(m, 2H), 1.977 (m, 8H), 1.106 (m, 24H), 0.768(m, 20H). MS
(MALDI): m/z = 1210.77 (caled. for CgrHgaFeN»:1210.65). Anal. Found: C,
81.32; H, 6.81, N, 2.29 (caled.: C, 81.29; H, 6.99; N, 2.31).

[00116] Synthesis of compound 3: A mixture of (B) (0.162 g, 0.15 mmol),
2-naphthylboronic 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,CO; 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.
0.104 g of pure compound 3 were obtained by recrystallization in heptane with a
yield of 59%."H NMR (400 MHz, CDCls): 5 (ppm) 8.177 (d, 2H), 8.124 (m, 2H),
7.947 (m, 6H), 7.900 (d, 2H), 7.853 (d, 2H), 7.732 (m, 8H), 7.511 (m, 12H), 7.323
(m, 4H), 2.041 (m, 8H), 1.127 (m, 24H), 0.776 (m, 20H). MS (MALDI): m/z =
1174.83 (caled. for CgsHogN2:1174.71). Anal. Found: C, 89.58; H, 7.31, N, 2.38
(calcd.: C, 89.90; H, 7.72; N, 2.38).

[00117] Synthesis of compound 4: A mixture of (B) (0.162 g, 0.15 mmol),
3-benzothiophenylboronic acid (0.6 mmiol), and tetrakis(triphenylphosphine)
palladium (3.4mg, 0.003 numol) 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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MgSOq. The solvent was evaporated and the residue passed through a silica-gel
column. 0.98 g of pure compound 4 were obtained by recrystallization in heptane
with a yield of 55%."H NMR (400 MHz, CDCl;): & (ppm) 8.174-8.155 (d, T =7.6
Hz, 2H), 7.858-7.838 (d, J = 8.0 Hz, 2H), 7.801-7.782 (d, ] = 7.6 Hz, 2H), 7.704-
7.617 (m, 10H), 7.489-7.450 (m, 6H), 7.367-7.274 (m, 10H), 7.220 (w, 2H), 1.987
(m, 8H), 1.111 (m, 24H), 0.782-0.749 (m, 20H). *C NMR (400 MHz, CDCI3): §
(ppm) 141.496, 141.290, 139.818, 126.222, 124.905, 124.585, 123.781, 122.581,
120.668, 120.241, 110.212, 55.706, 40.700, 31.938, 30.057, 24.330, 22.892,
14.323. MS (MALDI): nv/z = 1186.76 (caled. for CgsHggN2S,: 1186.62). Anal,
Found: C, 84.86; H, 7.46, N, 2.45; S, 5.25 (calcd.: C, 84.94; H, 7.30; N, 2.36; S,
5.40).

[00118] Synthesis of compound 5: A mixture of (C) (0.176 g, 0.15 mmol),
9-bromophenanthrene (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,CO; 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 MgSOs. |
The solvent was evaporated and the residue passed through a silica-gel column.
0.129 g of pure compound 5 were obtained by recrystallization in heptane with a
yield of 67%. "H NMR (400 MHz, CDCl;): 8 (ppm) 8.804 (d, 2H), 8.746 (d, 2H),
8.162 (d, 2H), 8.798 (d, 2H), 7.934 (d, 2H), 7.780 (m, 4H), 7.695 (m, 8H), 7.526
(m, 8H), 7.458 (m, 6H), 7.248 (m, 6H), 1.979 (m, 8H), 1.147 (m, 24H), 0.866 (m,
8H), 0.793 (m, 12H). MS (MALDI): m/z = 1274.89 (calcd. for
CosHoaN»:1274.74). Anal. Found: C, 90.54; H, 7.21, N, 2.21 (caled.: C, 90.38; H,
7.43; N, 2.20).

[00119] Synthesis of compound 6: A mixture of (C) (0.176g, 0.15mmol),
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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1.2 436 0.162, 0.102 9 3.1 4.6 5.8 9.6 493 0.176, 0.397 10 3.0 5.1
9.1 5.1 492 0.144, 0.279 [00137] Table 3 depicts the energy |evels of
conpounds 1 to 10.

The organic layers were washed with brine (2 x 50 mL), and dried with anhydrous
MgS0;. The solvent was evaporated and the residue passed through a silica-gel
column. 0.157 g of pure compound 6 were obtained by recrystallization in heptane
with a yielding of 66%. "H NMR (400 MHz, CDCls): & (ppm) 8.177 (d,2H),

7.794 (4, 2H), 7.750 (d, 4H), 7.664 (m, 6H), 7.621 (m, 4H), 7.453 (m, 8H), 7.362
(m, 6H), 7.335 (m, 6H), 2.036 (m, 18H), 1.126 (m, 48H), 0.771 (m, 40H). MS
(MALDI): m/z = 1587.28 (calcd. for Ci18H142N2:1587.12). Anal. Found: C, 89.43;
H, 8.69, N, 1.78 (calcd.: C, 89.23; H, 9.01; N, 1.76).

[00120] Synthesis of compound 7: A mixture of (C) (0.176g, 0.15mmol),
I-bromopyrene (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,CO3 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 MgSOx. The
solvent was evaporated and the residue passed through a silica-gel column. 0.108

N g of pure compound 7 were obtained by recrystallization in heptane with a yield of
54%."H NMR (400 MHz, CDCL): & (ppm) 8.271(d, 2H), 8.260 (d, 2H), 8.206 (d,
2H), 8.182 (m, 2H), 8.170 (d, 2H), 8.121 (m, 4H), 8.099 (4, 2H), 8.046 (s, 2),
8.023 (m, 2H), 7.845 (m, 2H), 7.758 (d, 2H), 7.612 (m, 4H), 7.513 (m, 2H), 7.460
(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). MS (MALDI): m/z = 1323.92 (calcd. for
Ci00Ho4N5:1323.74). Anal. Found: C, 90.65; H, 7.02, N, 2.13 (calcd.: C, 90.73; H,
7.16; N, 2.12).

[00121] Synthesis of compound 8: A mixture of (C) (0.176g, 0.15mmol),
9—(4—bromophenyl)carbazble (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;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

MgSO4. The solvent was evaporated and the residue passed through a silica-gel
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Table 3. Energy levels of light emtting materials conpounds 1-10
Compound 1 2 3456 7 8 9 10 HOMO -5.11 -5.16 -5.10 -5.12 -5.14
-5.08

column. 0.118 g of pure compound 8 were obtained by recrystallization in heptane
with a yield of 56%."H NMR (400 MHz, CDCls): & (ppm) 8.184 (d, 6H), 7.907(m,
4H), 7.692 (m, 10H), 7.516-7.425 (m, 18H), 7.315 (f, 10H), 2.022 (m, 8H), 1.134
(m, 24H), 0.785(m, 20H). MS (MALDI): m/z = 1404.96 (calcd. for
Ci04H100N4:1404.79). Anal. Found: C, 88.74; H, 7.01, N, 3.98 (calcd.: C, 88.85; H,
7.17; N, 3.98). |

[00122] Synthesis of compound 9: A mixture of (B) (0.162 g, 0.15 mmol),
4-cyanophenylboronic 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,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. -
The organic layers were washed with brine (2 x 50 mL), and dried with anhydrous
MgSOy4. The solvent was evaporated and the residue passed through a silica-gel
column. 0.147 g of pure compound 9 were obtained by recrystallization in heptéme
with a yield of 87%."H NMR (400 MHz, CDCl): 8 (ppm) 8.172 (d, 2H), 7.758
(m, 10H), 7.683 (d, 2H), 7.592 (d, 2H), 7.534 (s, 2H), 7.460 (m, 6H), 7.366 (m,
2H), 7.301(m, 4H), 7.198 (m, 2H), 1.980 (m, 8H), 1.095 (m, 24H), 0.756(m,
20H). MS (MALDI): m/z = 1124.76 (calcd. for CgoHgsNy4:1124.67). Anal. Found:
C, 87.34; H, 7.33, N, 5.06 (célcd.: C, 87.50; H, 7.52; N, 4.98).

[00123] Synthesis of compound 10: A mixture of (C) (0.176g, 0.15mmol),
2-bromo-7-(4’-cyanophenyl)-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,COs3 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
éxtracted with ether. The organic layers were washed with brine (2 x 50 mL), and
dried with anhydrous MgSOs. The solvent was evaporated and the residue passed
through a silica-gel column. 0.160 g of pure comﬁound 10 were obtained by
recrystallization in heptane with a yield of 60%. 'H NMR (400 MHz, CDCls): 6
(ppm) 8.183-8.163 (d, /= 8.0 Hz, 2H), 7.843-7.824 (d, J= 7.6 Hz, 4H), 7.777-
7.745 (m, 10H), 7.707-7.582 (m, 14H), 7.527-7.506 (4, J = 8.4 Hz, 2H), 7.460-
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-5.14 -5.13 -5.17 -5.03 (eV) LI MO -2.15

7.447 (m,4H), 7.396-7.376 (d, J= 8.0 Hz, 2H), 7.343-7.293 (m, 4H), 7.231-7.210
(d, J=8.4 Hz,2H), 2.106 (m, 16H), 1.141 (m, 48H), 0.800-0.755 (m, 40H). 1*C
NMR (400 MHz, CDCI3): & (ppm) 153.075, 152.502, 152.279, 151.876, 147.906,
147.266, 146.589, 142.027, 141.578, 140.618, 140.239, 139.780, 138.230,
136.934, 132.958, 131.715, 128.102, 126.675, 126.237, 124.306, 123.866,
121.962, 121.049, 120.668, 120.199, 119.994, 119.878, 119.356, 111.088,
110.197, 55.852, 55.708, 40.716, 31.947, 31.809, 30.063, 24.364, 24.237, 22.884,
14.339. MS (MALDI): m/z = 1789.42 (calcd. for Cy3,H145N4:1789.17). Anal.
Found: C, 88.62; H, 8.25, N, 3.14 (caled.: C, 88.54; H, 8.33; N, 3.13).

[00124] Device fabrication and measurement: Two types of devices have

been fabricated and evaluated based on the following conﬁguration.

[00125] Configuration A
(ITO/PEDOT:PSS/PVK:dopant/TPBI/LiF/Ca/Ag): 1.2 mg of the relevant
emitting dopant (compounds of formula (I) synthesized as described above) and
60 mg poly(9-vinylcarbazole) (PVK) were dissolved in 4 ml of ethyl benzoate and
filtered through a 0.2 mm PTFE filter for device fabrication.

[00126] 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.

[00127] The polymer solutions were spin-coated to form the emitting 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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-2.26 -2.20 -2.31 -2.14 -2.18 -2.28 -2.21 -2.39 -2.22 (eV)

recorded using a Keithley 2420 source meter and a calibrated photodiode. EL
spectra were recorded with an Ocean Optics USB2000 miniature fiber optic
spectrometer. The photometric data were calculated using current—voltage—

luminance data and EL spectra of the devices.

[00130] The device performance of devices containing compounds 1 to 10
is summarized in Table 1. Figures 5 and 6 are I-V and V-L plots of devices of
configuration A.

Table 1. Summary of the device performance of compound 1 to 10 with device

configuration A

Compound | Turn- | Voltageat | Max. Curr. | Max. EQE | Ay EL CIE
on(V) | 100 cdim® | Eff. (cd/A) (%) (nm) xy)
V) ,

1 54 9.4 1.25 2.12 426 0.160, 0.085
2 6.2 104 - 1.19 1.20 440 0.180,0.131
3 55 9.0 1.21 1.84 434 0.155, 0.089
4 5.6 9.9 1.55 1.93 442 0.151, 0.106
5 6.4 11.0 0.73 0.99 433 0.157,0.099
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 0.163,0.110
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 (ITO/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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Bandgap 2.96 2.90 2.90 2.81 3.00 2.90 2.86 2.92 2.78 2.81 (eV)

[00134] The light emitting molecular solutions were spin-coated to form the
emitting layer with a thickness of about 70 nm and transferred into a chamber
under vacuum of 1x107 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.

[00135] The cathode was composed of 0.4 nm LiF, 20 nm Ca and 200 nm

Ag, which were thermal deposited sequentially.

[00136] The device performance of devices containing compounds 1 to 10
is summarized in Table 2. Figures 7 and 8 are I-V and V-L plots of devices of
configuration B. Figure 9 is a plot of external quantum efficiency vs luminance of
devices of configuration B and Figure 10 depicts EL spectra of devices having

configuration B.

Table 2. Summary of device performance of compound 1 to 10 with device

configuration B

Compound | Turn- Voltage at Max. Curr. Max. Amax EL CIE (x,y)
on (V) | 100 cd/m’ Eff. (cd/A) EQE (nm)
M (%)
1 3.0 5.6 1.2 23 423 0.155, 0.070
2 33 4.9 1.9 1.8 446 0.152,0.137
3 2.8 4.8 1.7 2.4 434 0.147, 0.085
4 2.7 39 2.9 24 450/477 | 0.143,0.174
5 2.8 54 1.3 2.0 432 0.150, 0.084
6 3.5 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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[ 00138] As can be understood by one skilled in the art, nmany
nodi fications to the exenplary enbodi nents described herein are
possible. T | Lon, rather, is intended to enconp

nodi ficati oﬁhl‘%v&()%(%g;s}sts scope, as defined by the clai nsaﬁé?%%%(ﬁw&%
docunents referred to herein are fully incorporated by referen
[00140] Al t ndughnya' | GuS |ehodhmRies O o1ihe J 1Bl A e; 8 Bobaged
herei n, many aeﬁﬂ al i ong and| nodiifications nay| be e wthyn the
scope of the—+hrenttor—tm—aceordance—wthrthe—comupn——general—
know edge of| Bandgep SRiO6 | @P0i n2.061| 2.&r |t 3.06UPONDPABS i| E&Li| N | 8L ude
t he substi.tuti @v)of| known equi valients| for |any aspe¢t ofl thelinvention
in order to achieve the sanme result in substantially the same way.

Al'l technical and scientific terns used herein have the sanme neaning
as commonl y [00d&8]st oods bayn tenadeattood by oxarsiiliel id the bnh, mawg naxdificafiortshi s

i nvention, unless define t her wi se VWHAT | S AIMED. 1S.. 1. A
compound of PHEFIFEP f?%f@KFﬁé?%%ﬁ%?%%ﬁﬁ%ﬁ?i?ﬁ%ﬂ%%52¥¥@¥5Pi)
X(Ar4)" (Ars)pthef)erigieiied @PgiioRpaséail sucAmodaiudtidy Withi its depes def=i y

aryl ene; heteroaryl ene; aryl ene
y bytheclglms. y

[00139] All documents referred to herein are fully incorporated by

reference.

[00140] Although various embodiments of the invention are disclosed
herein, many adaptations and modifications may be made within the scope of'the
invention in accordance with the common 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 meanihg
as commonly understood by one of ordinary skill in the art of this invention,

unless defined otherwise.
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vinyl cue; heteroaryl ene vinylene; arylene ethynylene; or

het er oaryl ene et hynyl ene, optionally substituted with one or nore of
branched or unbranched al kyl, branched or unbranched heteroal kyl,
branched or unbranched al kenyl, branched or unbranched het eroal kenyl
branched or yl, branched or unbranched heteroal kynyl ,
branched or 8ﬂ%rant§E§H@FEﬁg aryl and heteroaryl and each of Am and
Ar3 conprises 9, 9- dlalkylfluorenylene; each of Ar4 and Ar5 is

i ndependent | . aryﬁéﬁ@pmh@méﬂm@nyKEne; aryl ene vinyl ene; heteroaryl ene
vi nyl ene; aryl ene ethynyl ene; or heteroaryl ene ethynyl ene, optionally
substituted with one or noremf)—brapshed—a—unbrant-hed)al kyl,

branched or unbranched heteroal kyl, branched or unbrant%ed alkenyl
branched or unbranched heteroalkenyl, braOQGed or unbratiched

al kynyl, branched or unbranched heteroal k branched)or unbranched
al koxy, aryl and heteroaryl and are conneclted between two Ar groups;
each of Ar6 and Ar7 is independently ary . heteroaryl ene; aryl ene
vi nyl ene; heteroaryl ene vinyl ene; ardfréne et hyy) ene; or

het er oaryl ene et hynyl ene, optionally substituted with one or nore of
branched or unbrapghed al kyl, branched or unbranthed hereroal kyl,
branched or unbranched alkenyl branched or unbranched heteroal kenyl ,
branched or unbranched al kynyl, branched or unbranched het eroal kynyl
branched or unbrdﬁ%h@ﬂAal&bﬁviA&ﬂ?mdaﬁﬁdﬁﬁvéﬂdﬁﬁyhﬁﬁﬁ@Yhﬂeh@é@@ one
of Ar6 and Ar7 is, | ut ed
with one or nor eS\é e?:dt%r gérﬂg&ga?lhgé@vﬁ ﬁgéMé bat i |6thg]£ﬂgl%’ 0}01?6@% %1'(13% h; and
each of m n, p,fﬂnmshn%C@h@ﬂ#ys@thMﬁpeﬂdameymanﬁuMmﬁﬁwmfron11 to
20. 2. The conp | [ p at | east one
of the follow ngoullllggdpgﬁed hlglll bl%“cﬂ? Or%n%ra 1:&&1‘%(1 ﬁetﬂ% élg%AEﬁa%CE A -3; Ari
and Ara; and An andrafrlsyd ateeylconnded eduitbeanealheasduditenyl, Branchiaé or
conmpound of cIa|n1 er.el n the t Ar qgr s, are conne to each
other by a singlée" nged(fi1 Kygyl, %an%ﬁ%dgh'ﬂg’l’?“tcﬁ dhpiegea W@uﬁ &)[eélf)bd

al kyl ene. 4. Thembfali’[ﬁwdl’md(o&fl a@y1Yin® h@erohryChrali d¥Bh df A10 adl M RE@bAseAt

| east one Ar gro%p a { and Ar3 is independently substituted with
one or rmore el ectrd QMYfH@FQKFH% substituents. 5. The conpound of
any one of clainms 1 to 4 wherein at | east one Ar group of Ar4 and
Ar5 i s i ndependenrdatlyosAipahd Atgtledld%dhhlelﬂ@@}Qénenmi’[ﬁoﬁgfleﬁ’é kgl dnBivBrylene;

am no, hydroxyl, .am do conneqted to th ckboHe through t he

ni trogen, carboxyISTESRARRS BWIENs: PR SBRBORS: YHSETRIFY Ere ToRYIgR,

phenyl, napht hyl ,ophbhaﬂl@)éhbstlw&ydvmh B ok Rhotd o Pt ched HagBlaMbhed afkyl, The
conpound of any aone of clains to 5 wherein at |east one Ar group of

Ar6 or Ar7 conpri®@sheher ‘@Pmﬁ%}?eé heferoaiel, PemFlagios gnbranched alkenyl,

branched or unbranched heteroalkenyl, branched or unbranched alkynyl,
branched or unbranched heteroalkynyl, branched or unbranched alkoxy, aryl

and heteroaryl and are connected between two Ar groups;

each of Arg and Ary 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 and at least one of Arg and Ary is an electron withdrawing Ar

group, is substituted with one or more electron withdrawing substituents, or is

33



\ /-N

Z

(R) //- /1 -SICCNN RR ink \/// C// I1%A s\\\i
J1")Y7)=(N 1 4\\4"\ i, TLLN.Ni\ NI\1 .S7TNNN N S

both; and
each of m, n, p, 1, s, X and y is independently an integer from 1 to 20.

2. The compound of claim 1 wherein two Ar groups in at least one of the
following pairs: Ar; and Ar; Ary and Ars; A, and Ar;; Ary and Arg; and Ary and Ars;

are connected to each other.

~

3. The compound of claim 2 wherein the two Ar groups are connected to each

other by a single bond, O, S, Si or substituted or unsubstituted alkylene.

4. The compound of any one of claims 1 to 3 wherein at least one Ar group of
Ar> and Ar; is independently substituted with one or more electron withdrawing

substituents.

5. The compound of any one of claims 1 to 4 wherein at least one Ar group of
Ar;, Ary and Ars is independently substituted with one or more of alkylthio, amino,
hydroxyl, amido connected to the backbone through the nitrogen, carboxyl connected
to the backbone through the oxygen, phenyl, naphthyl, 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 Ary comprises one or more of the following:
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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, oxadiazolyl or

triazolyl.



, CC ( Rgcc\\ N( RglIL \( --- NRNNR ' I\ ql197--n/
N'C(c. 7%NN-R1L )s7NN wherein each of RR, R, R'" and R"' is

I ndependently hal o, cyano, nitro, carbonyl, thionyl, sulphonyl,
ailcyl, perfluoroal kyl, al koxy, aryl, arylene vinylene, or arylene
et hynyl ene, and QTHescoﬁlﬁoﬁﬂtcﬁgﬁf oftd W And 017 wiherdil@hLRMRAURUTREndRYe

one of clains | to 6

erein each of the at | east one el ectron

wi t hdr awi ng $dpstihexyEorenglepsdependent |y hal o, perfl uoroal kyl ,

car bonyl ,

carboxyl, cyano, ammoni o, nitro, thionyl, sulfonyl, am do

linked to the backReBSpblddiahy b rAygeN o sowrléréﬁér)sir Mphfi@sehoni um

pyridyl,

t hi azol yl, oxadi azolyl or triazolyl. he conpound of

any one of clains_1 to 7 wherein the 9,9-dial kylfluorenylene is
9, 9- di hexy! f YQyor eﬂwcgwg(_mnd of any one of claims 1 to 9 whérein at least ofie Ar group of

Aty and Ars is phenyl.
11.  The compound of claim 10 wherein each of Arq and Ars is phenylene.

12. The compound of any one of claims 1 to 11 wherein each of Ary and Ars is

phenylene and Ary and Ars are connected to each other by a single bond.

13. The compound of any one of claims 1 to 4 and 7 to 12 wherein at least one of
Ar group of Arg and Ar; is phenyl, 4-trifluoromethylphenyl, 2-naphthyl, 3-
benzothiophenyl, phenanthrenyl, 9,9-dihexylfluorenyl, pyrenyl, 9-phenylcarbazolyl,
4-cyanophenyl or 7-(4’-cyanophenyl)-9,9-dihexylfluorenyl.

14, The compound of claim 13 wherein each of Arg and Ar; are the same, and
both are phenyl, 4-trifluoromethylphenyl, 2-naphthyl, 3-benzothiophenyl,
phenanthrenyl, 9,9-dihexylfluorenyl, pyrenyl, 9-phenylcarbazolyl, 4-cyanophenyl or
7-(4’-cyanophenyl)-9,9-dihexylfluorenyl.

15. The compound of claim 1 wherein Ar; is phenylene, Ar, and Ar; are both 9,9-
dihexylfluorenylene, Argq and Ars are both phenylene and are connected to each other
by a single bond, Ars and Ary are the same and both are phenyl, 4-
trifluoromethylphenyl, 2-naphthyl, 3-benzothiophenyl, phenanthrenyl, 9,9-
dihexylfluorenyl, pyrenyl, 9-phenylcarbazolyl, 4-cyanophenyl or 7-(4’-cyanophenyl)-

9,9-dihexylfluorenyl, and each of m, n, p, 1, s, x and y is 1.
16. A thin film comprising a compound according to any one of claims 1 to 15.

17. The thin film of claim 16 wherein the thin film is from about 0.1 to about 1000

nm thick.

18.  The thin film of claim 16 or claim 17 wherein the thin film further comprises a

host material.



9. The conpound of any one of clains 1 to 8 wherein Art is phenyl ene.
10. The conmpound of any one of clains 1 to 9 wherein at |east one Ar

group of Ar4 and Ar5 is phenyl. 11. The conpound of claim 10 wherein
each of Ar4 and Ar5 is phenylene. 12. The conpound of any one of

claims [to 1ig wheriRiingm@hr ehinf\ 9wﬁ51@1n%e'5hdsﬁmﬁ)t'@ﬁﬂy:bﬁgﬁse@Egly@ 4 and
Ar5 are connected to each ot her a single e conpound

of any one ofingrabaalel. 46 MNaﬁ&alﬁa?Qie'@lz’h@Wéﬁe"i A dfileast one of Ar
group of Arg, Wy ; I vyl ,
T benzot i ohans il BRI ubishi R AT B BB P ABR
9- phenyl car baz e«ﬁlyllmneAN @\ydm{ﬁbhaﬂlyhylbhd N’-diphenyl-1,1"’-biphenyl-4,4’- dlamme

7-(4' -eyanop ound of claim
13 wherein eggr?yé%m@fl\z i lllobj%lﬁlﬁ%ﬂ%%lﬁ%ﬁ a% I%%ﬁr%élrmémbﬁbeﬁfﬁne
4-trifl uor ones ythghediyl- pyl ﬁiﬂd)blydnyl)ﬁenbeﬁz"DT}BNDphED,yHTDATA BFA-1T,

' cyanophonytUBDPY: LRIy Aok %%Bgf%éﬁ}”ﬁm%ﬁp&}%ﬁ‘ Tl

conpound of geaiieheliWnge ededhivAles,| DeRNE 8RB ati, 3-ptd AL nahByIRet h
9,9- di hexyIfI uorenyl ene, Ar4d an r5 are both hgeg1 Iéne( an%l }ére

connect ed t oPEBREN-BEHEFZ0 76(4§’FH¥’§P¥D Bﬁrfﬁl“beAYl@hﬁlﬁd) hes#oxpdiazole 1 e

and both are,phgpyt 2 24¢1 3-pik £y _
3- benzot hi opohenyl e%an{) eﬁlg%@é)& [g (Il @hﬁg%} let% {)}}rﬁ—gﬂﬁﬁ%loly [2- (6 c ano

9- phenyl car b@rE@ﬂyl)hemyl@yBahépwi@nyllen%Al(?q (MQ(fééy)én/@h{)thl)Al(ODZ)a
9, 9-di hexyl f enylr-3nd. eac P, is 1. 16. A
thin film co}%%pwrﬁqus?%dg%ﬁc%r@ohﬁn%) ac%ﬂo(Pg) Zriu s1[31(§)o S%D 8)(;1n]§(;1\r/}%f3yrcl ains 1to
15. 17. The thin filmof claim 16 vvherel n the th| nfilmis from
about 0.1 to2tboukthe modilmmef elhine ko or clg@m IThveherdii thefchinnoustl seives anab@stor
claim 17 wh t [,
19, The t hi ﬁﬁ rfal ﬁlg thtupggﬁq 1@1@? Vé?ﬂﬁ}él@ﬁ’ taﬁgf%%g?ﬁg otk elmai%hop@&% (!Sl‘ﬁllttel
pol y(9- vinyl car bazol e), 4,41!'-N, N -dicarbazol e- b| phenyl,
4, 4" 4" -tri (char ﬁlgémlg)ﬁﬂlmoﬁhl@myl%vﬁw@m the organic dye comprises 10- (2-
N, N' - di pheny, L ( di am ne,
NN - bi s( 1- n%:n%twaf(ﬁﬁﬁl(l%,ﬁ e 1111% %7]18&'211]%91091:1?%?11:1 O[f‘]bélzo

: 4"-tri S}(WN{@V @héquholam hlo()ne; B1(¥}heuytham>lryé ~7-(diethylamino)-2H-1-

4,4"
1,3,5-tris( hen no s
1.3.5-tris( gbt%éop 11 one ZIR% n}/anm)nehlglen?))? t—but%l (l,lﬁ%—man}g%pu%k?ﬁ\,
BFA- 1T, p- di enPBSH- py@ﬁ’ﬂ)@% ruMEBDAR i cspiohetylehB)-2-DBGyl-9op-y ( 1, 4-

gf]gﬂglq)e/g-ezl( 2 1I ]geglgf@%eors qi)'lﬁ%r%y angg?{’% tl’%:,) ggg}oglee{hly}/ene) %’ g %unethyl 1-[(4-

2- (4- bi phenydiﬁmﬁl(yyhnﬁmitwl y&dmwl(bcbm)% ead-a79t181,6,5-t&rAethyl-10-
oxadi azol e, 2,2 |- %ﬂg Ff ﬁ‘@yl ene) bi s[ 544 1- di net hyl et hypphenyl ],

pol y[ 2- ( 6- cy%ﬁ’i’oﬁJ AV SR g Y lllfxaﬁﬁé‘ﬁiheéﬁé 9y, Aq(dq)2,

Al (Saph-0) AhiGER)S, ) RAABAEACEL&h2e (ERRD2s. | BROAZ, 1<ALEDR) B

spi ro-PBD, or tBNB— 9’Tgy) Ke thin f| mfg}?zc | ai ?nml %érﬂac al(mPP)fmd
wher ei n t he TONPBEMENserialBampe)-8-(NasstyiytaherylAi-p-telemingineryletdem f ur t her
conprising a r> t thin
T of clai T 20 aher et e Srg AR aNguaSE e b e dcivalle
benzot hi azol ¢EN)1, 1, 7, 7-tetranet hyl- 2, 3, 6, 7-t et rahydro- 1H, 51- 1, 11
Hdl i benzopyrano[ 6, 7, 8-fil qui noli zi n- 11 one,

3-(2-benzot hjyazol i

4- (di cyanorre% hyl e?}’%&t@%_fﬁ@ O%IQ?{}L } g)mgﬁfk ]?r arrearl]&hEl u1%oc|81|§'1 381689-
enyl) - 4H pyr B.WWEI)’PY)J ubr ene,

~4- (di cyanonet hyl ene) - 2-t-butyl- 6 (pdi phenyl am nostyryl)-4H pyran
(DCTP), 3-(dygcya o

di met hyl ani nofst 9@{/59( tx(}))ﬁé gﬁé ?Méto]ﬁ[pge%med by solution coating

6- rrethyl 3-[3-0,1,6,6- tetrarrethyl-lo-

oxo0- 2, 3, 5, 6- 2%t raﬁyedhl@-fdlﬂ A Flamo Pf whersigh@wluivalseaing[comprises spin coating,

casting, microgravure coating, gravure coating, bar coating, roll coating, wire bar
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coating, dip coating, spray coating, screen printing, flexo printing,
offset printing or inkjet printing. 25. A device conprising an
anode, a cathode and a thin filmconprising a conpound of any one of
claims Ito 15. 26. The device of claim25 wherein the thin filmis
an em ssive tayes . dip @atind @@a?‘@&dﬁﬁ% sefeef hdhtRg2Bexol pMahBE, o @i@é@ﬁht%}%rtﬁ a
hol e transportlng | ayer di sposed between the em ssive |ayer and the
anode. 28. TKE!B&Yi%€ of claim 27 wherein the bole transporting

| ayer conprises polyaniline or a m xture of

pol y( 3, 4- et hys enegdigexyd HinQRRADE) 2, zp&!t%@é%ﬂd £0esHnf QifisRehd) - 29.
The device of any one of clains 26 to 28 further conprising a hole

i nj ecting Ia?éWﬂﬂP@ﬁG@@@ﬂbéfﬂééﬁ1ﬂﬁé5anode and the hole transporting
| ayer. 30. The device of claim29 wherein the hole injecting |ayer

conprises 4,4 - N Nedefics 8f Daz0l SGWIl%h AR M in (BRY an emissive layer.
4, 4" 4" -tr|(N-carbazoIe)tr|p enyl arnine (TCTA), NN -

dlphenyl - bi s( 3- net hyl ph (1,1 blpheng% -4,4' -diam ne (TPD),
N, N - bi s( 1 %ap ht Higidevice A cl %w%e‘q)asﬂl@ EOMPURIGH B [rausparting jayerdisesed
(NPB), TDATA»et\-’l;QABhe JPARR 1a§ré|1- BPiheRRLNe, PTDATA,  BFA-1T, p-dnDPS,

p- DPA- TDAB, B, spiro-naTTB, DBC, poly(1,4- phenyleneV|nerne) or
polyfluorene 31 The devi ce of any one of clainms 26 to 30 further
conpri si ng att el ebierdshice PaAEPoT Wirgein Hipdoledragprosion: Iy weprische

em ssive | aygiiyaithelhs 11ﬁ%&%%01y(§42 ethﬂ%ﬁe%%lﬁ(ﬂ;h@ﬁe)%h@' m 31 wherein
t he el ectron transportlng ayer “conprises alumnum

tri s(8-hydr oRrjgsivraksutiepic acid).

2- (4-bi phenyl)-5-(4-tert- butylphenyl) 1, 3, 4- oxadi azol e and
2,2",2"-(1, 3?@ beﬂ?e%@ﬁcé by 3 heny 4 & g

3pheny| A | hapt hyl) - 5- phe an?tolil ?_f %gm{-gt ?:’ﬂ%z%?ﬂ?x &)ﬁgpmsﬂ %%hl%hmectmg

1, 3, 4- oxadi alzlmléh@o@db@t_wegn the anode and the hole tr ansporting layer.
phenyl ene) bi s[ 544- 0, 1- di et hyl et hyDphenyl ] ] (CMD—?) or

pol y[ 2- (6- CY?G‘IO 61‘116@3@1'&’1)? Hﬁ&t?ﬁ @B%Yenjr th%'hoféh%@l{t ﬂ%rl ggnse?ﬁ 4%9\9
Alq(daq)2, Al( q} 3, Bq, Bepp

Zn( 0DZ) 2, sp@ﬁ@bPBB 1@ﬁmBM§B§T4&133tﬁﬁﬁ@m&ewﬂ@én@ﬁnéﬂvnoﬁﬁfbﬂ YNEF s
26 to 32 fur h l.0 y i en
The o asi velPEnERIPLi AR B 1S R 4 8 Sl TPASER RES
wherein the mulélyblrbéblkﬂrpgemséyelr -Giphquyl-$.65didmése (NPB), TDATA, TDAB,

benzi m dazol JFIREnbbRaD: P aar R b Tor Smsonbrer MR RIS o s

further conpspisimgTBIDRBCaeiy(0A-heheaievinglchdwepolgilsgpased | mredi ately
adj acent to the cathode bet ween the cathode and the em ssive |ayer.
36. The devig cI 1m 3 ron injectin

conpri ses |ifﬁl (%8¥? émgpnfl ?ﬁﬁﬁ?%ﬁgggﬁ%rﬁ%}‘ﬁ?%ﬁgekggm'The
devi ce of cIammp@ﬁnguwmhﬁmo&ﬂﬁpﬁwﬁnﬂ@eﬁnhﬂh&qmnm&nhéagmkﬁyer di sposed
adj acent to the anode, a hole transporting | ayer di sposed adjacent to
the bole |njept| et ween .t he hol e
transporting Taygﬂkﬁﬁgw?ﬁfgmn dﬁ%ﬂamﬂw é??hﬁg??gﬂ%gg?fpﬁﬁnﬁﬁyer

di sposed bet slemmuirhteis@riyeEsixyguih@iney, 26(“01)11ihhﬁy1)3&-t(4¥1-mﬂtebutﬂpl|ikﬁhb@ 1t8.0cki ng

| ayer di sposed betwee he, ron tr. tjng, | ayer and the,

cat hode, ando’éﬁﬁhaé?lééil‘?o’h 7 ﬂeég GRrered i LBE@&H@%’F%@W‘?%@ fiol e
bl ocki ng | aygﬁengnmtnraﬁrhglaishme@l 1\;;;*1,%@25&@@%2)961183 4QR&1Hb1LAE-(h9l e
transporting | ayer or the electron transporting

er
| ayer conprlQé?ykﬁﬁb¥ﬁ¥mwﬁﬂﬂﬁmaéﬁthDHEWW&Hcggﬁﬁ}W§¥ﬁ69(%ﬁﬁﬁﬁéde an
em ssive | ay%th@l)ﬁ@%ﬁ&@ Pﬂl ﬁﬂaﬁylawe@ﬁpp)t Beary SR (¥Rl %g&ia ﬁgﬁp“ sing a
conmpound of any one 5:”7and a cathodé di sposéd on the
em ssi ve | ayéﬁ 0ODZ)3, Ph”Bq, Zn(BIZ) Bepp7 Bebq2, Zn(0ODZ)2, spiro-PBD, or BMB-3T.

33. The device of any one of claims 26 to 32 further comprising a hole blocking



39. A device conprising: an anode; a hole transporting |ayer disposed
on the anode; an em ssive |ayer disposed on the hole transporting

| ayer; an electron transporting |ayer disposed on the em ssive

| ayer; and a cat hode di sposed on the electron transporting |ayer;

wherein at | pastdiPoRddbddle iRehesstveanspdhfeahqer, the emssive
| ayer and the el ectron transportl ng l'ayer conprises a conpound of any

one of clains 1 to 15. 40, A device conprisi n% an anode; a hole
injecting | aYer di ?ﬁ@%‘éﬁ%ﬂmﬂl’e’ ‘%ﬁ%theéwﬁ&l {112 P BYERTHES 2y er

di sposed on gihedhehe. di eﬁﬁtl' NEp AN Rhrolifo 8N SSiheh@yer di sposed on
the hole transporting 1ayer; an electron transporting |ayer disposed

on the em ssbqr?élﬂlﬂétylé]ryl)baﬁéﬂfa hol e bl ocki ng | ayer di sposed on the
el ectron transporting layer; an electron injecting |ayer disposed on

the hol e bl ogki ngp.anerk eopalg%ﬁlgeﬂaaﬂ SS@Q@ ﬂﬁﬁﬁleﬁc}&ﬁwﬁbﬁg%ﬁ agct{\é%eti ng

| ayer; ~ Wherein at st one o ol e transpofting layer,
the emi ssi veinjesieg laper dnﬁpeseéllmcmd@ﬁlﬁadmgpm thie gefhodey betwearthe patlesle and
conmpound of ﬁgémaﬁgepay claims Ito 15. 41. The device of any one of

clainms 25 t erern the anode conprises gold, silver, indiumtin

oxide or layers of a conductive polyner. 42. The device of any one
of clainms 25340 4hhewseicepirltine Scalidnon dectaston sgstihakierrpmeases lithigm

magnesi um i duléréno féhm ﬂHmdeﬁﬁ[n%{ﬂ%'nlum a calciumsilver alloy, an
alum num it um silver all oy.

37.  The device of claim 25 further comprising a hole injecting layer disposed
adjacent to the anode, a hole transporting layer disposed adjacent to the hole injecting
layer, an emissive layer disposed between the hole transporting layer and the cathode,
an electron transporting layer disposed between the emissive layer and the cathode, a
hole blocking layer disposed between the electron transporting layer and the cathode,
and an electron injecting layer disposed between the hole blocking layer and the
cathode, wherein at least one of the hole transporting layer, the emissive layer, or the

electron transporting layer comprises the thin film.
38. A device comprising:
an anode;

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

compound of any one of claims 1 to 15; and
a cathode disposed on the emissive layer.
39. A device comprising:
an anode;
a hole transporting layer disposed on the anode;

an emissive layer disposed on the hole transporting layer;



40.

41.

an electron transporting layer disposed on the emissive layer; and
a cathode disposed on the electron transporting layer;

wherein at least one of the hole transporting layer, the emissive layer
and the electron transporting layer comprises a compound of any one of claims

1to 15.

A device comprising:

an anode;

a hole injecting layer disposed on the anode;

a hole transporting layer disposed on the hole injecting layer;

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 hole blocking 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 of any one of claims

1to15.

The device of any one of claims 25 to 40 wherein the anode comprises gold,

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

42,

The device of any one of claims 25 to 41 wherein the cathode comprises

barium, calcium, magnesium, indium, aluminum, ytterbium, a calcium:silver alloy, an

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

40



