WD 2006/ 093466 PCT/ SG2005/ 000065 SOLUTI ON PROCESSED ORGANOMETALLI C
COVPLEXES AND THEIR USE I N ELECTROLUM NESCENT DEVI CES FIELD OF THE

| NVENTI ONVDQO@199346he | nventi on rel ates to phosphor escentcorsgaonsoeaoas | i c
conpl exes and to electrolum nescent devices conprising such organonetallic
conpl exes. BACKGROUND OF THE | NVENTI ON [ 0002] Organic light emtting

devi ces (O_EDs) contain at |east one organic layer that may |um nesce when

voltage is ed across the la Cert QLEDS _have sufficient

| urt nescen Ny BROCHSS NG ORGANRIMIET AJLIGA G QM ELEXES abi o
alternati VQ&ND mmmumﬁw EDbBCGEROLEUMENESOUND BREIGESdi spl ay (LCD)
panels. Relative to traditional LCD panels, OLEDs are generally lighter,
consune | ess energy and nay be made on flexible substrates, properties
that are obviously beneficial to nhany battery operated handhel d devi ces.
Si nce bei nd’fELQ&E)FﬁﬁEcm\é THdNoduced in a car stereo in 1998. OLEDs

are now begl nning to appear in a range of conmerci al products |ncI udi ng
cel | - phoned0081kct r The Skvgpdansrelappae phgsriptessent sraspemctalig complereand [ 0003)

Initial att, ent em ssion.
Upon the. r &5 ol RsRE AR Sl OFURSRAR AANE CHEPIERE

el ectrol um nescent devices, approximately only one quarter of the generated

exci tons qgg@ﬁqmglsmtm THRUINVENTIGINabl e of fluorescent, em ssion.
The remaining three quarters O. excitons are do the .triplet state, and

are . gener gobg2pr ecl wigshif righn enitimgi degices (@Em@m@tamm IEE:ﬁhﬁéllosﬁimd n
organi c nol ecul es near roomtenperature. As a result, the en
cont ai ned, 1pyer AR meay nadinssse whoh Htags B ElPB’h"sd Fansrihg dayer. ?e’Fi‘“hQL

el ectrofl uq{aeéglﬁﬁtnemqg}fﬁ&?ceh& k&l@f prdp&it R ag&ihedote 'c@ﬁsﬂiere%ta@tv?a%ler eturn to
t he ground state through non- radiative pathways, which may undesi rabl y

i ncrease t héempérest fongoitventsaehinerganist basers liquidy frystal FGO@&] (Lﬁ@édﬁ@el\ﬁor k. has

oot 2L e Dy A 65Tl B854y 0 S, b DG

phosphor escen ers, eXC|to S can be
used for | iaghtmenbs siade opBkike stbstdtes, r&@@mefs\laha]raee 3@‘5011$}1)>¢neﬁptahtoor bi t

coupling betwe a heav a } d
si ngl et and“an?etfagf”é't ORSt AT cf@an%?l?g\%z 1%% %%wéb’%%h‘% ter sys ﬁkﬁ%ﬁ%@s |dﬁg and
t he | um nesgeanrhr daeayn DF98t OBEDA are now beginning to appear in a range of commercial

products including cell-phones, electric shavers, PDAs, digital cameras and the like.

[0003] Initial attention in developing OLEDs focussed on fluorescent
emission. Upon the recombination of injected holes and electrons in
electroluminescent devices, approximately only one quarter of the generated excitons
are in the singlet state and. capable of fluorescent emission. The remaining three
. .. quarters of| e%citpns, are in the triplet state, and are generally precluded from rei,axing.‘
by radiative mechanisms in organic molecules near room temperature. As a result, the
energy contained in.approximately 75% of excitons generated in an electrofluorescent
device is lost and the excited triplet states return to the ground state through non-
radiative pathways, which may undesirably increase the operating temperature of the

device.

[0004] Recent work has demonstrated that higher quantum efficiency devices
can be made from phosphorescent emitters, in which both singlet and triplet excitons
can be used for light emission (Baldo et al. 1998, Nature 395:151).  Spin-orbit
coupling between a heavy metal and an organic ligand may mix excited singlet and

triplet states, allowing for rapid intersystem crossing and the Juminescent decay of the



WD 2006/ 093466 PCT/ SG2005/ 000065 excited triplet state by phosphorescence
(Bal do et at. 1998, Nature 395:154). As a consequence, el ectrolum nescent
OLEDs baswa 2006/q9buss phor escent material s have a theor et iPCaISG2on5®000a5
guantum effi ci ency approachi ng 100% [0005] Phosphorescence is a nuch

sl ower process than fluorescence, and as a result, excited states may
decay through pathways that are not relevant to fluorescent emssion. A

pronounced Ghaédaipiistld By PhosphareideRRN@ARIBA @B.CBII8ENuRr@393:084)- oA a in
efficiency at higher current densities (Baldo et at 2000, Phys. Rep= B.
62( 16) : 1096°Ppsequnsies elp@rolurpingscyiis OL EPg dpsedpiephosphqrpsset dpatergals have a

tripl et-tritﬂg&gﬁ&{l{}}fté?ﬁl]gﬁiﬁﬁn‘%ﬁic:[enc?g?%gg fl.i100);, and, to a | esser extent,

to the saturation o em ssion s Adachi et al, 2000, J. Appl.
Phys. 87(111):8049). The saturation of em ssive sites may be alleviated to
sone ext ent[0805] ncr e R&pspgoreheened iceMielnil o Ger Rpceshthan dupisseniy@edes bn t he

em ssive | I, r all r i
general ly f%%gf’ £ g&@‘é@regggégﬂg%fng\? @%ngihhggiﬁlgﬁ?%ggg&q%ﬁé% ?flﬁ%fée@%édéxci t ons.
[ 0006] Si ncemikdien.disspoua@nmyed bhdraqbrdsip hdrebsoephiosphatrescerak Ss adrbldtolf€ insed f or

OLED devi ce | i cations (Bal do et ..1998, u 395: 15 I effort
has been o"é:sggléﬁ ?tg"gg‘g/‘é tﬂ‘éW%%Z%fdngIet %&?P@Jé t%%%e#(é&sﬁ%l%% hi gher
ef ficiency mid rdiLeRbhR @iFp8lST ®Bert Olt@ibuRt8 ! driphs-tSslekingihllenedTetreTi al s
whi ch coul d be fabricated into devices through solution processing.
Speci fic i rAlgHEisHoMeands A IEEET f%?ﬁe‘?tftpd]il‘iﬁ?f‘m(tlolnlcbttwlmﬁ?%%ﬂ%egch as,
fac-tris(phgnybgyrs %gﬂﬁ)r{]"i{ .dBWIP):ﬁ(')'éﬂ%.( PR §L{('t1).rati(m of ZmiRWes may be

pyridinato-N, C2')iri acetylacetonate) ("(ppy)2lr(acac)”) and their

deri vat i vesalley@BG7p saneexpriysiobreasng thd wongegirauion efrihe hécepior/gveshmdthe

concentrati gn - 0 ] [ 0 S W hart.er

oxci tod. triBrar [Frapiageh A EhepRERoh ol SRATERL AR dhbigup 1Ok’ S

80( 13) : 2308nciBaded biradlecatar q2@RBingRfyie. triflevexcBon®H2( 16) : 10967). For this
reason, iridiumconplexes are generally preferred over platinum porphyrins

whi ch have an qQtder, of.. i r. lifety |. 2002,
nopt oy L0088} 50085 SO PR Elon! meR TG 8 R (%0
phosphor esc@bEDaisvick apslicasesd Baido érrd/dDI8NNowrp|305dS1Y LiSat2602( RsSRA4 1AL,
W02/ 15645

and bi o 2- (BYOBErBofoien GIoh P BT ROy BECR SEEYracelong)
[ Bt p2I r (acag)dbldamessiBe @blodlas avdleanscdeme henadaitAddaeiickedould be fabricated

into devices through solution processing. Specific interest has focused on ridium

(II1) based complexes, such as, fac-tris(phenylpyridine)iridium (“Ir(ppy)s™). bis(2-

phenyl pyridinato-N,C2%)iridium  (acetylacetonate) (“(ppy)Ir(acac)”) and their

derivatives.

[0007] One approach to reducing T-T annihilation and concentration self-
quenching has been to use acceptors with shorter excited triplet lifetimes (Chen er al.
2002, Appl. Phys. Lert. 80(13):2308; Baldo ef al. 2000, Phys. Rev. B. 62(16):10967).
For this reason, itidium complexes are generally preferred over platinum porphyrins
which have about an order of magnitude greater lifetime (Chen er al. 2002, Appl.
Phys. Lett 80(13):2308).

[0008] Thompson ef al. have disclosed blue phosphorescent emitters based on
iridium complexes (US 2002/0182441A1; WO02/15645A1). High efficiency green
and red emitters based on (Ir(ppy)s;) and bis(2-(2’-benzo[4,5-althienylpyridinato-
N,C?)iridium(acetylacetone) [Btp,Ir(acac)] have been also been developed (Adachi e



2 WD 2006/ 093466 PCT/ SG2005/ 000065 al. 2001, Appl. Phys. Lett. 78:1622;
Lamansky et al. 2001, J. Am Chem Soc. 123: 4304). [0009] Recently,

progr ess Waoimamsdeiade to devel op sol uti on processabl e pphsspiGre®csnt
mat eri al s, wherein the phosphorescent guest is dispersed in a host polyner
or small nolecule matri x that may be capable of formng uniformthin filns
t hrough sol uti on processing techni ques such as spin coating or inkjet
printing (@brgo!,eppalPhy2d@?, 78 16Rd\VLanMasler ¢r. /12001581 AniZ ket Sed. 122002,

Appl . Phys44 tt. 80: 2045; Gong et al. 2002, J. Appl. Phys. Lett.
81:3711; Gong’et al. 2003, Adv. Mater. 15: 45; Chen et al. 2003, Appl.
Phys. Lett. 82: 1006). Hi gher guest concentrations nmay result in phase
separ at i on[089f ch na&ed&&@ﬁt progleys hisf batn toade qblai&wmp &bfu'u@h gireoesab |ifetime

of the devjc Chen et em Soc. ;. 636; Lee at al.
2002, Opt | 8@ SPhQRERCET F“S“?lf ‘i’g@eln\/@ @’?Pﬁ%%%‘}m E[*%iﬁo isprrseh Ho P detent
eni tting CoophexaSmilinhbREuIe M@ iAnRONYYTBE cAfBlebfdrmif %f&ﬂ?{hﬁﬁﬁﬂi}%ve al so
been devel gped (Lee et al. 2002, Optical Miterials 21:119). The excitons

gener at ed Byougheolyspy Ms%lﬁﬂte%“%e&ﬁ%@eﬁ‘sﬁ@w t?%mtlgléf pﬁﬁmﬂcﬁ%t@@ emtting
f
centers ang, g iOoG'ﬁ%dng%Q 14r §§1 ?’B@l&l‘}"ﬂ} t?g% CQ}. ?%gogtég@(? Asgn N ese

denonstrated (Chen et al
pol ynmers, el@dci00an/. tdpah s, Ii,eg 887t Giohy etmltéﬁOﬁonelMane; (]lSeéS,aLtthml . 2002,

Optical Mageri 1; 0 t|on of. dendritic structures

into phosp ’gélegdcoz’h%pp %o elgggts %%'a&p-g?)acﬁ ST’WFT‘%WOBF 6’%?‘ésr§§§1i Pity and

prevent coplzseabapataiion \dlapiemigmtegatﬁrellyfafféumefquﬁkﬁurﬁfefﬁd@cyfaﬂ@h@tﬁﬁe(ﬁS wel | as
econe_even nore_serious when the

T-T anni hi | .atj on. Iatl n

devi ces arh djlﬁgrcﬁt(é}af“af’t 2edr ’@n&ﬂ’én@ﬂct ilesoleerigh PO rHed, where
t he popul apisgialf21t riopiagd ogp@ggﬁg«ggi states may begin to saturate (Baldo et
al 1999, Pure Appl. Chem. 71(11):2095). Hi gher generation dendritic

| i gands g, e eff t| vel eparate netal conplexes from each ot her,
t her eby WL ssin ﬁ@‘oﬁ‘?sﬁﬁt@@mﬁ&g CORPEXREE BT30S onivat PREMEE ghaia as

sel f - quencludigham hatd 41} Bden dfecéwéreat(L@éﬂé)'ah'io@Q'@ﬁw@Wa mﬂ@? 002,
Appl . Phys. Lett. 80(15): 2645 ression of these non- lative

decay pat hwgnwevrateémym p@}wmmsgwe pe @remf@reed tofthg nhc@nhqrefs:ent[e@@m};
Phosphor esgants i 08RRIBE ShddaC rSERd LARL $i gﬁpgmpsgloﬁ 268 $RES abbRulegn

(Chen et al. 2003, J. Am. Chem. Soc. 125:636). In these polymers, electron transfer is
primarily intermolecular (Lee at al. 2002, Optical Materials 21:119).

[0011] The incorporation of dendritic structures into phosphorescent
complexes may facilitate solution processability and prevent concentration dependent
self-quenching of the complexes as well as T-T annihilation. T-T annihilation will
become even more serious when the devices are operated at high current densities for
high luminance, where the population of triplet excited states may begin to saturate
(Baldo et al 1999, Pure Appl. Chem. 71(11):2095). Higher generation dendritic
ligands may more effectively separate metal complexes from each other, thereby
suppressing the bimolecular interactions that may cause self-quenching and triplet-
triplet annihilation (Markham et al. 2002, Appl. Phys. Lett. 80(15):2645). The
suppression of these non-radiative decay pathways would allow for higher device

efficiencies.

[0012] Phosphorescent organometallic dendrimers may be processed into high

quality thin films through spin coating with host materials. For example, WO

(0%



quality thin filnms through spin coating with host materials. For exanple,
WO WO 2006/ 093466 PCT/ SG005/ 000065 021066552 di scl oses dendri ners havi ng
nmet al | orwoasoguas4660f t he core. When the netal chronoplreTsGResabosshe core
of the dendriner, it will be relatively isolated from core chronophores of
adj acent nol ecules, which is proposed to mnimze concentration quenching
and/or T-T anni hilation. [0013] WO 03/079736 discloses a light emtting
devi ce conpP#/8663§2 disstdset donlrinprobessabletml liayess phabdf ¢enécdé.NSWhen the

I r(ppy),-ba ri.ners erein.agt |east one . dendrqn has a nitrogen
het.er oar yl g‘r%%};%ﬁg‘?“’%h A 5 %3@%005? SFrﬁ’ﬁi‘*ﬁB@f’Pﬁr > BotiHl pettglagiyely asolated frop

aromati ¢ gr carpschrpBOfkredND2Q04ALDR 0dbcdlies Clvasas ia ﬂ%ﬁ@s@ﬁ ef MidiRpy) 3-based
dendri ners desirgl?ed to overcome_internol ecul ar phosphor interactions that

reduce quanfUIFUEHPTR grediskipe apdos T-Tiaandilaersed that the dendritic
architecture keeps the cores separated and reduces triplet-triplet

quenching. [0BA3p] US WOO/0AI726Rc1disG lgg?l@t%m%iﬁ%dﬁ@&re c@tn isingla SiifiRecond
generation |Ir(ppy)3 dendriners wherein at |east one dendrite IS !foully
conj ugat ed. pr?FFéSZ@ilFr fayee thajr eanainso fr(pme:-besadr dendumeran wherem dit fleestl sch t hat
t he dendri ngs&g;Ar bl .e 1l I le s ts, ternativel t he
dendrites may tg’g %Zﬁg’éﬁﬁﬂthgﬁé%%ﬁ‘g@’hﬁ % lg\égér}’l %%Tﬂnﬁ?tg'pg?%\égg%“ea?he
phosphor escetarguaistgrofii3016] Mar kham et al. (2002, .Appl. Phys. Lett.
80(15): 2645) disclose the photolum nescence quantum yields (PLAY) of

first and sggegpd genapat i ’ dendriners. . The .inpcreased. PLQY of
second genel?gt ?gn deggréo%@l\//\(ggﬁﬁ)tﬁzsg SiPed 1U5Fh &t 1%?@3%’5 Se&é%ﬁ&%@én of the
| r(ppy) 3 codesigned husverduei ingraokodnt padsphor GREERIIAs tthatbiedbéee g iim

guenching e . lLike Ir w d d.in an electron transporting host
mat eri al , g%fgg%c afu?Lg{]S; B ?’floﬂ%f’g3 gl? %Bg’bté‘f %r&g’éi?t”ﬁ)]“??l’éé'}’&t‘i%%f sgpasledit | on of
the dendrimeraiuces tipRt-&81® @bRGINEON-transporting host material. [0017]

Q her non-dendritic bulky |igands may have the sane effect on the device

per f or manc L.e et v...Mat 2001, 13:1245) disclose (Ir(nmppy)3), a
pi nene der ﬁ\t/)gﬁ(# e of ﬂsr %%91375% %‘é‘SPiﬂsM%@%@fﬁtﬁrﬂeﬁﬁiﬂc@@@oﬁéﬁWWWhg

| r (nppy) 3 Hasgy); dehd@BSerd MR GERadt Wnk-Rbdrien I Cf an
devi ces cont ai ni3 ) whi ?:h ins at trrli bﬁ?&elg'?&%ﬁ;ﬁg%gefrdt ,Tﬁ%atgg

| 3,
decreased |§P&F ‘#gth&[d(eg%%%%‘i tbe anedifiegh syots thet ithsl dendrigtent ercasmduttldren
reduction isitstad $41eEntsO A IRImAiY ey O AEALRRARLY bd DcRYLE rcﬁ'aax‘{ge WAL

properties of the phosphorescent guest.

[0016] Markham et al. (2002, Appl. Phys. Lett. 80(15): 2645) disclose the
photoluminescence quantum yields (PLQY) of first and second generation Ir(ppy)s
dendrimers. The increased PLQY of second generation dendrons was attributed to the
greater separation of the Ir(ppy); cores, thus reducing concentration-dependent
bimolecular quenching effects. Unlike Ir(ppy)s doped in an electron transporting host
material, good quality films may be prepared by spin coating a solution of the

dendrimers in the same electron-transporting host material.

[0017] Other non-dendritic bulky ligands may have the same effect on the
device performance. Xie et al. (Adv. Mat 2001, 13:1245) disclose (Ir(mppy)s), a
pinene derivative of Ir(ppy)s. Electroluminescent devices comprising Ir(mppy)s have
a less pronounced roll-off in quantum efficiency than devices containing Ir(ppy)s,
which is attributed, in part, to the decreased lifetime of the excited Ir(mppy); triplet
state and the reduction in saturation of the guest/dopant. The external quantum

efficiency of devices comprising Ir(mppy); increases with increasing Ir(mppy)s
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efficiency of devices conprising Ir(nppy)3 increases with increasing
Ir(nppy)3 4 WO 2006/ 093466 PCT/ SG2005/ 000065 concentration, even at high
(e.g. 26 wD2006/ebng | evel s. The reduced sel f quenchi n®@CTEG2003®00068 Mppy) 3
phosphor at higher concentrations was attributed to the sterically

hi ndered pi nene spacer in Ir(nppy)3 that was thought to mnim ze

bi nol ecul ar phosphor interactions. [0018] Although the dendrinmer approach
can provi decemkuotraton, preacebighlid.e 26phopHogias pees. Rt edduabdsdfuesdhidLi ent
OLED devices, .the s ng:e i s and rification of the_ligands and the

resul ting maf e fg%v BEOSP]%OTV% EleE FPBeraratlions avas Atiripuigdely thaispreally
gener at i ons hpiiedensiheRs & Hﬁﬁ@mp{éﬁg)lt% (RONROR! & IhikikopPligsRsuRased on
lr, Pt, Re, Rh and Zn with nono, I'- or tri-dentate coordinating |[igands
may be us ed PAeSPRYH ipicEcEorsor light emtting devices and nmay have nuch

hi gher quantumefficiency relative to fluorescent emtting materials due

to their abjddfay to mliouhenelach@ifiechngbeh ARbbile! ShufXchbolgpe =

generated in thé emtting |layer. However,

based on oPksaberescant ingteddapitrestEsicnta@LBR devives, phe partkstist firdopgHicatiomuum
deposi tion. J.o] d ition is an attractive nmethod.to deposit
snmal | nol ecﬂf/\glse lz%ag}{%%}l&l rﬁged%‘i[gﬂﬁ%ﬁéﬁ‘ % PIHRS lspﬁ?r?’fiﬁglf)}]i% eﬁ@%ﬂ)‘é]iyt‘glbé)nor gani ¢
mol ecul es, higbermgentradensi of dgehersalrd ysedexpensi ve because of the high cost
facilities required. [0020] Solution processing is a |lower cost technique

and is nore ioh abl e for ss_and fast, productijon, y. al so be better
suited to pi@gzg?e Iar%gran?rfq%ﬁ@ctcﬂ%feﬁ?sebég?cg%ﬁrg%l%feohﬁjlaglggzél B Breggss .
[0021] The pir eseritdentive Bbirdimabigekgalde B8 be e an kAN et ligReshiBiHb! ens

and to provide high-efficgcienc osphorescent light emtting materials that
have decr eSSafS TEF BRWi "lea{r’i‘Qﬁm‘%s@%ﬁfé‘ﬁ@cﬁavl%@er@aﬂp‘lﬂ?scpmepar ed

and may be hathid Galcads it @ uei henA tdihBd bk WP pihidh AbiAar DOl KR or Smel |
nol ecul e host materials through solution processing. SUWARY E
| NVENTI ON [ 8fpepited if thhemiingeleyer. Haweyanvsonfal srospefohe 8 ERdeGesydaedeal | i c

conpound of orohQikathifc Q)ﬂli)le%g %QQ)%)Q g3 %@%&gﬁﬁoQééuggrpge%%siﬁon. While
vacuum deposition is an attractive method to deposit small molecules and may
additionally further purify the deposited organic molecules, the methods is generally

expensive because of the high cost facilities required.

[0020] Solution processing is a lower cost technique and is more suitable for
mass and fast production. It may also be better suited to prepare larger films that are

required for large displays.

[0021] The present invention seeks to solve the above-mentioned problems
and to provide high-efficiency phosphorescent light emitting materials that have
decreased T-T annihilation. These materials may be readily prepared and may be
fabricated into uniform thin films with either polymer or small molecule host

materials through solution processing.

SUMMARY OF THE INVENTION

[0022] In one aspect, the invention provides an organometallic compound of

formula (I):

(¥4



R2 RBRL 4nn~5 N [: L)Y XR6 RB R7 (I) wherein Mis a d-block netal
havi ng a coordi nati on nunber z, wherein z= 6 or 4, RL to R8 are

i ndependemol2zgodid9sdsal o, optionally substituted al kyl, opPCosa2005/000065
substituted al kenyl, optionally substituted al kynyl, optionally substituted

het eroal kyl, optionally substituted heteroal kenyl, optionally substituted
het er oal kynyl, optionally substituted aryl, optionally substituted
heteroaryl, am no, &3 do, carboxy, fornyl, sulfo, sulfino, thioan do,

no, and two or nore of RL to RB may forma ring
together withR Rat oms to which they are attached, provided that if
any one of to none of R5 to Rs is H or if any one of R5 to Rs
is H none of Rl Q R4 iss H or at least one of RL to R8 conprises a
Spiro group; X4is . L is aneutral or anionic ligand; and vy is
(z-2x)/2. 10023] fﬂsp@d&, t he invention provides filnms containing
or ganomnet al I}i ®Rasony according to various enbodi nents of the invention.
[0024] In yet anofiher dspect, the invention provides el ectrolum nescent

devi ces co i sing organonmgtal |ic compounds according to various

enbodi nents ofRgthesFnvemg on. 10025] Ot her aspects and features of the
present invention will becone apparent to one of ordinary skill in the art
upon revi ew of the | owi ng description of specific enbodinents of the
invention in conjun%bion wi th the acconpanying figures. 6

hydr oxy, halo or cy

wherein

M is a d-block metal having a coordination number z, wherein z= 6or4;

R, to Rg are independently H, halo, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted heteroalkyl,
optionally substituted heteroalkenyl, optionally substituted heteroalkynyl, optionally
substituted aryl, optionally substituted heteroaryl, amino, amido, carboxy, formyl,
sulfo, sulfino, thioamido, hydroxy, halo or cyano, and two or more of R; to Rg may
form a ring together with the carbon atoms to which they are attached, provided that

if any one of R; to Ry is H, none of Rs to RzisH, or
if any one of Rs to Ry is H, none of Rj to Ry is H, or
at least one of R; to Rg comprises a spiro group;

x is 110 2/2;

L is a neutral or anionic ligand;

and vy is (z-2x)/2.

[0023] In another aspect, the invention provides films containing

organometallic complexes according to various embodiments of the invention.

[0024] In yet another aspect, the invention provides electroluminescent
devices comprising organometallic compounds according to various embodiments of

the invention.

[0025] Other aspects and features of the present invention will become
apparent to one of ordinary skill in the art upon review of the following description of

specific embodiments of the invention in conjunction with the accompanying figures.



WO 2006/ 093466 PCT/ SG2005/ 000065 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0026]
In the figures, which illustrate, by way of exanple only, enbodinents of

t he presew0 2000@Bd6bon: [ 0027] Figure 1 shows a schemati ecrsores®ntoasi on of
a single layer and nultilayer electrolum nescent device. [0028] Figure 2
shows the 1-V-L curves of the device of | TQ PEDOT: PSS/ PVK: PBD: B21r (acac)
(70 nm /BCP (12 nm /A g3 (20 nm/My: Ag. [0029] Figure 3 shows the
dependence of current efficiency on the current density of a

| TO' PEDOT: PSS/ PVK: PBD:. Ber&acac 70 nm /BCP &12 nm/A g3 (20 nm/M: Ag
devi ce. [ 0O3BIER BESCRIEFIIN (QE THEe PRAYEING Xt er nal quant um ef fi ci ency
on the current density of a | TQ PEDOT: PSS/ PVK: PBD: B2l r (acac) (70 rinm /BCP
(12 nm/ Al§82¢b0 nnju My fizyregewhich illys0081Yy Wayof exaophonly. trhizodiibespect rum
of the devi o) . PEDOT: PSS/ PVK: PBD: B21r (acac) (70 nm) /BCP (12

nm /Al g3 (fgﬁﬁerér?%ﬁﬁlkggnagvi ce. [0032] Figure 6 shows the I-V-L plots of a
| TQ PEDOT: PSS/ PVK: PBD: E21r (acac) (70 nm /BCP (12 nm /A g3 (20 nm/ M: Ag
devi ce. [0d882R7Ii gur FighrsNosimvishe dbpraderepesseftator €t sekfel tiyenayd on t he
current deln‘gjdﬂr% o}&% hg1 devi ce .of. a | TQ PEDOT: PSS/ PVK: PBD: E21r (acac) (70
rim /BcP (T2MRHTANG m(‘%ceﬁﬁfl?%‘?'Ag devi ce. [0034] Figure 8 shows the
dependence of external quantumefficiency on the current density of a

| TO' PEDOT: H@®28VK: PBBign?:lr Qacabgwy 7Qhe | MV-LBCRufvd2 ofm) thal qdeviiz0 i) / My: Ag

device. [O { Qur ) the EL spectr a _

| TQ/ PEDOT; g%éﬁﬁé%@&%ﬁ?ﬁ@a@“ﬁ%) ﬁ)‘m‘/sésc@’ gilzzmﬂ}{f*}%(%ﬁ npyNEdg My: Ag 7
WD 2006/ 093466 PCT/ SG2005/ 000065 device. [0036] Figure 10 shows the I|-V-L
pl ots of a[0029] Figure 3 shows the dependence of current efficiency on the current

density of a ITO/PEDOT:PSS/PVK:PBD:Balr(acac) (70 nm) /BCP (12 nm)/Alq; (20
nm)/Mg:Ag device.

[0030] Figure 4 shows the dependence of external quantum efficiency on the
current density of a ITO/PEDOT:PSS/PVK:PBD:B.lr(acac) (70 nm) /BCP (12
nm)/Alqs (20 nm)/Mg:Ag device.

[0031] Figure 5 shows the EL spectrum of the device of a
ITO/PEDOT:PSS/PVK:PBD:Bjlr(acac) (70 nm) /BCP (12 nm)/Algs (20 nm)/Mg:Ag
device.

[0032] Figure 6 shows the I-V-L plots of a
ITO/PEDOT:PSS/PVK:PBD:ExIr(acac) (70 nm) /BCP (12 nm)/Algs (20 nm)/Mg:Ag
device. '

[0033] Figure 7 shows the dependence of current efficiency on the current

density of the device of a ITO/PEDOT:PSS/PVK:PBD:E;lIr(acac) (70 nm) /BCP (12
nm)/Alqgs (20 nm)/Mg:Ag device.

[0034] Figure 8 shows the dependence of external quantum efficiency on the
current density of a ITO/PEDOT:PSS/PVK:PBD:Ezlr(acac) (70 nm) /BCP (12
nm)/Algs (20 nm)/Mg:Ag device.

[0035] Figure 9 shows the EL spectrum of a
ITO/PEDOT:PSS/PVK:PBD:Eylr(acac) (70 nm) /BCP (12 nm)/Alg; (20 nm)/Mg:Ag



| TQ PEDOT: PSS/ PVK: PBD: &I r(acac) (70 nm) /BCP (12 run)/A g3 (20 m)/ My: Ag
device. [0037] Figure 11 shows the EL spectrum of a

| TO' PEDOTWBS38dRBe6PBD: G21r (acae) (70 nnm) /BCP (12 nm)/ Alrg3/sGadsmnyoed/y: Ag
device. [0038] Figure 12 shows a synthetic schene for B2lr(acac). [0039]
Figure 13 shows a synthetic schenme for &1r(acac). [0040] Figure 14 shows
the current efficiencies of devices conprising A2lr(acac), B2lr(acac),

C2lr (acac), d®2&r (acac), E21r(acac), F2lr(acac), &Ilr(acac) as a function
of current density. [0041] Figure 1.5 shows the el ectrol um nescence spectra

of .devices risi C21r (acac), F21r(a ac) a 1r ( cac) 0042] Figure
16 shows thgﬁgﬁorba@%urgpecﬁ&a of ﬂ?’ir(a %g/ﬂ?ac I[fr(aéac)

D2I r (acac) , ITEYPEO@TaR)S/BViK : LG, BeREd) (7d %y%cﬁ(mjmyﬂ 3S(howﬁq)M§Aa

phot ol um negcence spectra of A2lr(acac), B2lr(acac), C%lr acac)

D21r (acac), “E%fr (acac) and F21r(acac). [0044] Figure 18 shows cycl iC

vol tanmetry traces of A21lr(acac), B2lr(acac), C21lr(acac), D21r(acac),

E2Ir(acac) pod7F2lr (agage (Fhé 18 Hywand fhe defyi vedgel.gghronig parameter
of the corrpl exe DETAI LED DESCRI PTI ON 00 5] There is disclosed

an or ganomet&¥P EQ&I@R&%EM& THD Golrtagea (10 pm) /BCRWO 2005/A00326 &m)/Mg:Ag
PCT/ SG2005/ 9Q9Q65 R2 R3 RL R4 M(L)y R5 Ix Ré -Rs R7 (1)

[0038] Figure 12 shows a synthetic scheme for Bplr(acac).
[0039] Figure 13 shows a synthetic scheme for G,lr(acac).
[0040] Figure 14 shows the current efficiencies of devices comprising

Aolr(acac), Balr(acac), Colr(acac), Dalr(acac), Exlr(acac), Folr(acac), Gylr(acac) as a

function of current density.

[0041] Figure 15 shows the electroluminescence spectra of devices

comprising Colr(acac), Falr(acac) and Glr(acac).

[0042] Figure 16 shows the absorbance spectra of Aslr(acac), Bilr(acac),
Calr(acac), Dolr(acac), Exlr(acac) and Folr(acac).

[0043] Figure 17 shows the photoluminescence spectra of Aplr(acac),
Bolr(acac), Calr(acac), Dalr(acac), Exlr(acac) and Folr(acac).

[0044] Figure 18 shows cyclic voltammetry traces of Ajlr(acac), Bolr(acac),
Caolr(acac), Daolr(acac), Eplr(acac) and Folr(acac) (FIG 18 A) and the derived electronic
parameter of the complexes (FIG 18B).

DETAILED DESCRIPTION

[0045] There is disclosed an organometallic compound of formula (I):



wherein Mis a d-block nmetal having a coordinati on nunber z, wherein z= 6
or 4, R to R8 are independently H, halo, optionally substituted al kyl,
opt i onal IwoO 28as®8466ut ed al kenyl, optionally substitut edpaltisgagdsooaesi onal |y

substituted heteroal kyl, optionally substituted heteroal kenyl, optionally
substituted heteroal kynyl, optionally substituted aryl, optionally
substituted heteroaryl, am no, am do, carboxy, fornyl, sulfa, sulfino,

t hi oam do, hydroxy,REan or cyan, and two or nore of RL to RB may forma
ring together with tlthe carbon atonms to which they are attached, provided
that if any ofa.of R RR4 is H, none of R5 to R8 is H or if any one of
R5 to R8 is-H no to R4 is H or at least one of R to R8
conprises a| Spi is |l toz/2; Lis a neutral or anionic |igand;
and y is (z{2RyT2. The af orementioned radical groups are defined
according to their apM-aclkdpt ed meani ngs, as woul d be known to a
person skilledRsn the art; as nodified, where appropriate, by the
foll owi ng definit}ons. N[0147] As used hereln al kyl and het eroal kyl
[ 38 carbons, if Ilnear and about 3 to about 60 if
erRy| . al kynyl, heteroalkenyl and het eroal kynyl

radi cal s have 2 to about 30 carbon atons if |inear and about 3 to about 60
carbon atons if braRehed or cyclic. Aryl and heteroaryl radicals have
about 3 to about 60 carbon atons. 9 WD 2006/ 093466 PCT/ SG2005/ 000065

[0048] As used herelth, "alkyl" refers to a straight, branched or cyclic
saturated hydrocarbyl chain radical. The terns "al kenyl" and "al kyn. |"
refer to nepuepaturated straight or branched, cyclic or non-cyclic
hydrocar byl chain radicals having at | east one carbon-carbon double bond,
and one car bon- dissohblok mf@i bevieg a peosgiariiqniamber [ \W5aen ZTROT fer ns

"het er oal kyl " t r E "
"al kenyl " and k?&§$§§ are syfgq%ﬁ{gﬁhhxﬂ¥tgg%@%%g§%%$bgﬁﬁg%g%1 has
been repl aum!hnh:tyd alkhsfﬂ ecrmiatxidm S\J@adhteaslkyﬁmlr optienapy eubsiputgl hegerogikpk Sj |
including ra

For exarrplé’ngWi H%m“%% ?m&gﬁw A SHORLAD LSRRG Retk BRUGMNESH By Car boN.

substituted aryl, optionally substituted heteroaryl, amino, amido, carboxy, formyl,

sulfo, sulfino, thioamido, hydroxy, halo or cyano, and two or more of R; to Rg may
form a ring together with the carbon atoms to which they are attached, provided that
if any one of R; to Ry is H, none of Rs to Rgis H, or
if any one of Rs to R is H, none of R to Ryis H, or
at least one of R, to Rg comprises a spiro group;
x is 1to z/2;
L is a neutral or anionic ligand;

and y is (z-2x)/2.

[0046] The aforementioned radical groups are defined according to their
ordinary accepted meanings, as would be known to a person skilled in the art, as
modified, where appropriate, by the following definitions. \

[0047] As used herein, alkyl and heteroalkyl radicals have 1 to about 30
carbons, if linear, and about 3 to about 60 if branched or cyclic. Alkenyl, alkynyl,
heteroalkenyl and heteroalkynyl radicals have 2 to about 30 carbon atoms if linear and

about 3 to about 60 carbon atoms if branched or cyclic. Aryl and heteroaryl radicals

have about 3 to about 60 carbon atoms.



of Formula | and where the heteroatomis oxygen, "heteroal kyl" would
include radicals having an internal ether (-R OR) group and al koxy
radi cal s woQoddyoosdser e t he oxygen is connected to one ofPCrise2esnb@as at ons
of the 2-phenyl pyridine ring. [0050] As used herein, "aryl" refers to a
cl ass of nmonocyclyl and polycyclyl groups derived froman arene by the
abstraction of a hydrogen atomfroma carbon atom and includes, but is
not |im t ed0048], phémyi:ed Imaqim‘h%l‘ rbfem@rmtrdighl useehyd or caﬂitchamwrw
phenant hra I yl . ;al hyl en used
her ei n, ?’95"% %\P@ r?yﬁad](f q{rﬁ gl %H‘ gr 3?% aﬁ‘e}% ?é% non |% ’?Aa,rslked
t hr ough a sh@ﬁgﬁtf @&trmmhe@.r@clmuf dorl cf}tz:lxuQh@drof:ﬁ’byleoiﬁn‘pﬂaéxcaIsa{ayin(gxat 'Ieast
"arylthio" and ' I arnl n roups. As_used. herej q i ncl udes
di aryl ani n&"&RYY ?ri’ 03\ gne Cirb%iﬁrb%tr’@&g@nﬁélﬁ eﬁ“" Yre term
"heteroaryl" refers to the cl ass of heterocyclyl groups derived from

het er oar enqeo49j the}i@&&h@%b@ﬁa&?l”ahﬂﬁﬁﬁm@ﬁﬁ ah@MhettRAlkyRAGE efad @15 Of the
het erocyclyl group ndePendentI be N, Si or P. The heterocyclic

groups ray B&Y %‘r?élaew yand o plkyayly gdidals in Whlrét @r%ﬁ ore carbeyy glgwshasihgen | s~ not
limted to, eﬂ?é’creh g’&yllrezteﬂ?é%&y Luchfag Plékamﬂg'lq{)be@ﬁ’ or 'S'i‘qgéﬁﬁhm benzef uranyl
qui nolyl, carb 'yl ol yl phos Het eroaryl” g | so 1 ncl udes
radi cal s mh’émmxmﬂmﬁetelmrerrqdmw thgrcommecnsg Icaan@dFommu@Fra an Het entsat om such

as, for exa?&lonhula"]:qet ; lthoex e’ce‘:ro;tro1 ter N eerﬂeﬁ?% \Qg\gl 1981 Xel am no”
Het er oaryl amno rnc es i heteroary am n nd roarylanino gr oups

[ g052] Eiaﬁ hacﬁéakﬁbawg airFEﬁemﬂ&dharm OQIUF%@ pllai((y kikoxy eddk:aﬂwdl("(% R)aizﬂeymy: ")
et er oal ky| et er oal ke t er gal kyn an et eroary may
opti onal | y B yEHLH F?’H%eéﬁw%gn‘i&élﬁf ‘Wé %%Of@ﬁgé%ﬂyﬁ?v&?“i‘%&hal " refers

to one of the above nentioned radicals conprising one or nore substituent,
such as, f¢goos0anpl&s usei0hddn2 600 GOBALH P%S@ﬁﬁﬁb@@m%ﬁ miyeytlyl al kenyl ,

al kynyl , heteroal kyl , . heteroal het er oal k hetero |,
ami no, ami &PUPE F%Yfﬁflmmf?ﬂlal’ Y%F PSR 0 ﬂi‘Vér%‘Fﬁ/é'%Hk Omo%]‘arg%‘%ll yl or

siloxy. " Han®" afdl incR@ELARA "is " GuStel OtoClphe®, n }%Hml‘aﬁ@ﬁs& aliofeha, above
substituents (excllnﬁdl ng hallo and hydrog/1 x%Irlrray!‘:pal syo t hensel ves gg

subst i t ut e@thrayen3] Phenagkesends pyranyL: idsnye lezwiensd ang geenapthyiensh A% enent i n
gr Oups 31 %seéﬁhe?%g t‘QﬁI ’paGf%J ﬂgfuﬁfs 855'0?5 v@a@%nﬁ laﬁ‘ﬂeg&eu;pﬂtluik%d 'ﬂﬁ&uflh' fmted to,

I'r, use herein, "spiro” refers to a
gr oup of cqugmam ‘00 neivkt inolpde.fopexample, “aryloxy”, ©

groups. As used herein, “arylamino” includes diarylamino and triarylamino groups.

ary]thm and “arylamino”™

[0051] As used herein, the term “heteroaryl” refers to the class of heterocyclyl
groups derived from heteroarenes by the abstraction of a hydrogen atom. The
heteroatoms of the heterocyclyl group may independently be O, S, N, Si or P. The
heterocyclic groups may be monocyclyl or polycyclyl. “Heteroaryl” includes, but is
not limited to, pyridinyl, pyrryl, furanyl, thiophenyl, indolyl, benzofuranyl, quinolyl,
carbazolyl, silolyl and phospholyl. “Heteroaryl” also includes radicals wherein the
heteroaryl group is linked through a heteroatom, such as, for example,
“heteroaryloxy”, “heteroarylthio” and “heteroarylamino”. Heteroarylamino includes

diheteroarylamino and triheteroarylamino groups.

[0052] Each of above mentioned radicals (“alkyl”, “alkenyl”, “alkynyl”,
“heteroalkyl”, heteroalkenyl”, heteroalkynyl”, “aryl” and  “heteroaryl”) may
optionally be substituted. As used herein, a “substituted radical” refers to one of the

above mentioned radicals comprising one or more substituent, such as, for example,

10



of two rings having only one atomin conmon, such as, for exanple,

spi robi fluorene. The spiro atom may be, for exanple, carbon or silicon.

[ 0055] Aswo=ea/destcei n, "bandgap” refers to the energy diPCTsGensmomes ween
the highest occupied nol ecular orbital (HOMO) and the | owest unoccupied
nol ecul ar orbital (LUIVD). [ 0056] As used herein, "ring" may be anonocyclic

or polycyclic. "Ring" includes fused systens wherein two atons are conmmon
to two adj ail 1n@lkéﬂ)ﬂﬂgﬁlkvxﬂﬁoﬁgﬂerobm;ld|Hefe%a¢!&§1 ENReFbMBALE, arl N efihsll t ut ed
2- phenyl pyrlkc}: ne grou of" fornula | e:y 1l . V%ESZ 06/ 093466

PCT/ SG2005/ 3000 6811dR1 szarb@nymwfomlx ﬂm%l!mjdf’:t halpo hpgroRy, 3%, Rilyl oRsiloX®f a Rx Ri a

R0 e gy o G gk [P LBy ROP { b o R e ey

R R R _ Rexcluding hald, aRi hydlroicy)m;!a‘y alRa themselves be subsmuted

[0053] As used herein, “d-block metal” refers to an element in groups 3 to 12 of
the periodic table, and includes, but is not limited to, Ir, Pt, Re, Rh, Os, Au and Zn.

[0054] As used herein, “spiro” refers to a group of compounds consisting in part
of two rings having only one atom in common, such as, for example, spirobifluorene.

The spiro atom may be, for example, carbon or silicon.

[0055] As used herein, “bandgap” refers to the energy difference between the
highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular
orbital (LUMO).

[0056] As used herein, “ring” may be monocyclic or polycyclic. “Ring”

includes fused systems wherein two atoms are common to two adjoining rings.

[0057] In different embodiments, the substituted 2-phenylpyridine group of

formula I may be:

11



RaRu RaRp Ria RlL7 R
is -\ fRA Ra ~i. \ "Ra

| R RPET/SGRO05X00006s Rif
Rau 1 Rra Rea \ RRf |
RBf\' Ra R R' - f \ R_
R14 RI6 Rl14 R x 12 WO

Rix Rfa -- -/ \ Rix Rn\ / \ f R R RRl4
41 i | Rf; Rf R,- R/ \ R\ Ri
} Z: | fwo\20d6/@3466 \ /| Ra R22
Ric, f RRRaisf \ "R R R
Rl7 Rf t Ra RUR, R5\ \ - ZR RpR
|Ztd v hRa\ 1\t RBR R 1R

2006/ 093466 PCT/ %62005/ 000065 1

()
R R

Rf, RL5 R’
> RE

Ry
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At; R4 R RRR, RRSRI2 RR,tI~\/ [/ \tz7r RR; R R N- R4 R Rs
R7 Rr, Kir x Rx RRx N'RU Ri RgRL7 R4 R, \! Kr, RgqgRgR Rla
R1, N RtIwBi2a0dRi9346Ri c, R7 R4 Rg Rli Rx R14 RZ Rt' v J PCh/SRresRdoos Ri s
Rl Rl, -NKZ Rix RL7 R 17 RI(,- Rs R,j RRg RO R, Rt Re - |1 R-RIt
Rl, R, NR V! RR N\ A\ I /\S-\ R RIS RFT RSRa- R - - f \ RT R7

R RaRk IR x Ra Rk RMRx RI Rp,Rt R RV R X RI12 SN~ \. SR, \ \
/A A U




RDO

0
4

‘_'LU_/I—‘/I\J

RL7 RfT R. \'\ /1T \ RRRISRSsRh R., !\ /\ RoR,1S\ Rr, 14

i RR1IRRgRI4R-\J\ Rf Ry Rx RIL1 RRg Rix / \ I \ I RL7 R1l7 R17

} /N /we2eodRoaMeR / \ f \ 14 1Z14 Rs Ru, Ru, R Rl4PRrIsGEi@/oREs 13 WO
06/ 093466 PCT/ SG2005/000065 RI, RIl R Rs Rt R, e R., R; / \ [ -
- - -RRR, PV - - o o - RIR Nki15 1\ \-/ f \ Rs/ \ R14 Rte, 17
R, RlL7 RgRUR~t RUR. ,i~RRekRar R: \/ \ I N - - - RXRt/
I N i X ~ MR JnR2t Rea Rte Rii,Rl1l Rzu

Rl : RI7¢H X
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Rl4 R7RRK R, Ri R1 Rtr / \'\ (I \'\'! Re Ru Rt Rai R ft R_ Rr,
f\VRIO9/ \ - Rar V! I\ R, RI6/ \ RRd R7 tx \-/ Ra Rl7is Rl2 Rt

Rig Rii RvO2Rw/dB46RI C RP \ R7 Rta R, R7 RDRp it R PCFSeesRwisa - R-
N R{, Rx R7 14 WD 2006/ 093466 PCT/ SG2005/000065 Rio Rit R1l,- i | Fta

Rt R. !\ Ft</ \ Re Fit Ft \-! Ra'" R. R, IRWR R TR R7/ RRp R17
R R, \/ \f RaRo Rt RRKR4 Fts Rt7 Ro RL Rey Rt, is R, Rit Rai R
R=1 Rat

wherein Ry to Rys are independently defined as R;, above. As would be understood

by a person skilled in the art, bonds depicting any R group extending into an aryl or
heteroaryl ring indicates that the R group may be at any available position of the aryl

or heteroaryl ring. For example, the structures

Cl Cl
) @
\N N/
would be understood include, 2/6-chloropyridine, 3/5-chloropyrindine and 4-

chloropyridine.

[0058] The branched substituted 2-phenylpyridine groups (hereinafter also
“branched ligands”™) may be prepared through a Diels-Alder reaction in mild
conditions. The yields may be as high as 80 to 90%. For example, a reaction scheme
for the preparation of 2—(2’,3’,4’,5’-tetrapheny])—5-phenyl-phenylpyridine B) is
shown in Figure 12. Briefly, 2,5-dibromopyridine is added to

(trimethylsilyl)acetylene in diisoproylamine with Pd(PPhs);Cl, to create 2-

15



Rt / ANl I R tt r 1 RIL RlI1 Re R; R' Rs:aRR, Ra-\! R R
R RBI, R; RFat 4Ro RS FY. Rt I3 RRs Rif RZ R-Y. Re R R o R18 R7 {
R17 Rr  RyoORmr06/B3466R3 Rv RIS Rif Fns. Fzt | r | ~ u Rt IPETHEGR005/0000012' R,
Re Rl,_\ -l RII' RLRIS r R-r llira! RuRR1l 1ty Rl Ru, Rg kla to
N-RWRi 0 Rs, !\I—R14 RSN Ff71 RmMR Rc, r R RIx Re Ry 7 R7 R wherein R
| to R26 are independently defined as Rl, above. As would be understood by
gr Sler 3 on ﬁﬁ%{lllét%qsﬂ}iﬂﬁﬂﬁﬁnéﬁﬁigjtﬁoms Clemioahd Yy veasy rddcgd owjth exxkgleck g i nto an
| or eteroaryl ring indicates that the R.,grou be any avail abl e

posi tion OTHFﬂ\éeté?%ﬂVNa_@% Het 8FEy | O’f']%ﬁ@ﬁl:%:g '39%?5?‘@!@}?8?@?{? YGires a d
2‘_""0”' d be ynder st90d ddaglouse. 3 26fs CbboT RRME iR, pldnSibeRines oy iindi ne and

tetrakis(thiphenylphosphine)palladium(0) in a solution of sodium carbonate/toluene to

generate B. Alternatively, the branched ligands may be prepared by transition-metal-

catalyzed [2+2+2] cyclotrimerization (S. Saito and Y. Yamamoto, Chem. Rev. 2000,

100: 2901-2915: M. Lautens, W. Klute, and W. Tam, Chem. Rev. 1996, 96: 49-92.]

[0059] Iridium complexes (M = Ir in formula I) of the branched ligands of the
invention may be prepared by methods known in the art (see, for example, WO
2004/084326 and references therein). For example, the branched ligands can be
reacted with iridium chloride hydrate to form a chloro-bridged dimer in high yields.
The chloro-bridged dimer can then be further reacted with one or more additional
ligands (L), which may be the same or different, to vield the final novel
phosphorescent complexes of the present invention (see WO 02/15645; US
2002/034656). The disclosed branched ligands may also be reacted with a chloro-
bridged L dimer, such as for example, LoIr(ClylrL, to form a new phosphorescent

material of the invention.

[0060] L in formula I may be monodentate, bidentate or tridentate.
Accordingly, the person skilled in the art would appreciate that the M-L bond
depicted in formula I is not limited to a single M-L bond, but may include one, two or
three bonds between M and L. L in formula I may be selected to tune the luminescent
properties of the organometallic complex. For example, the 2-carboxypyridyl group
in Bis(3,5-Difluoro-2-(2-pyridyl)phenyl-(2-carboxypyridyl) iridium (III) (“FIr(pic)™),
blue-shifts the emission spectra relative to the Bis(3,5-Difluoro-2-(2-pyridyl)phenyl-
(acetylacetonate) iridium (III) complex. Suitable bi-dentate L groups would be
known to a person skilled in the art and include, but are not limited to,

hexafluoroacetonate, salicylidene, 8-hydroxyquinolate, and

16



chl oropyridine. [0058] The branched substituted 2-phenyl pyridi ne groups
(hereinafter also "branched |ligands") may be prepared through a

Di el s- Al owo 20@z98466n in mld conditions. The yields mychscasshogias as 80
to 90% For exanple, a reaction schene for the preparation of
2-(2',3,4",5 -tetraphenyl)-5-phenyl - phenyl pyridine (B) is shown in Figure
12. Briefly, 2,5-dibronmopyridine is added to (trinmethylsilyl)acetylene in
di i soproyl amirpe wi th Pd( PPh}S) 20 2 t§“creat e 2,Fl 15 WO 2@\6/ 0934665
PCT/SGQOOSCE?E?GS E:&rlnethyl,ﬁllyl -/5- pronnpyrl ne (2) .4 QanoundeZ Was
reacted wit xylen& in FHR/ Met hapo /NaCHutngeneragg”Df —
2-(2',3,4,9 -tetraphenyl)\phenyl -B</br ono- pfyu}d,g ne A CorrpoT'JTrcf 3 was
t hen reacteﬁ' th hqnylb@rohlc acidlin T 5,
tetrakls(thFBHEnylphésphlne) blladllj 0) in a«solutloﬁ;oﬁ sodltmﬁ

car bonat e/ t ol\tene t 6” genera{p B. A ernatlvé%y, t he brﬁpched Iléands may
be prepared by transition-netal - catal yzed 2+2+21 cyclotri neri zat | on (S
Saito and Y. Yamanoto, Chem Rev. 2000, 100: 2901-2915, M Lautens, W

Klute, and W ] Tam Chenl Rev. r1996, @&: 49-92 X [0069144r|d|unL§anlexes
(M=1r in f | a I,,xﬁFthef%Eanch }lgandeof t he knvéntlon .my be
prepared by. hods ;kné()wn i n"yHe art7/ \§ee f o arrpl ey i \)Qp 200 84326 and

ref erences th v €] n) or exambl e, t/héY br anchéd™l i gand$ y an be “Teacted with
iridium chld]‘ e hydra%;e to form a\iﬂ brrﬁgeg N\?vf h| gh_y eI ds.

The chl oro- br tged dhger canxﬁﬁen b \;gém .%h\one ol jofe
additional |fgands (%), which may beR;I he sanerar differ , to W eld the
final novel phosphorescent conpl exes of the present i nve 2t| on (séRé WO

02/ 15645; US 002/034656) The di scl osed branched |igands may al s6 be
reacted with JjEloro- bﬁmdged L dimer, such as for exanple, L2Ir(Cl)2IrL2

to forma ne sphor q§ m%terl al of tRhe i nven u on. [0Gg0] L in
formula | nay e nono te te or |den Accordingly, the
person sk|II 4aRghe ar mould\ C|aL®\ at L bond—ﬂdeplcted in
formula | I|n1t To a S|ng e M L_band, but y i néTude one, two or
three bonds ej ween M a\W/L L i n*fornul a7 ?Tay be”’sel ect ed Yo tune the

| um nescent ropertl es B& the organonetallic conplex. For exanple, the
2- carboxypyrl group in
Bis(3,5-Dfl uoro 2- (2-pyridyl)phenyl - (2-carboxypyridyl) iridium(I11)
("Flr(pic)"),

where Ry to Rys are independently defined as R, above and the two bonds to the d-block

metal of the organometallic complex are shown for reference only. In specific

embodiments, L is acetylacetone (“acac™).

[0061] Suitable mono-dentate L groups would also be known to a person

skilled in the art and include, but are not limited to:

—Cl Rqq
—C=N
............. C=N—R
—8—C=N
—N R
N / " =

wherein Ry, to Ry3 are independently defined as R;, above and the bond to the metal
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bl ue-shifts the em ssion spectra relative to the

Bi s(3,5-Difluoro-2-(2-pyridyl)phenyl- ( acetylacetonate) iridium(Ill)

conpl ex. \Boi2v@dloeschi - dentate L groups woul d be known t@ca/Speosonooski | | ed
in the art and include, but are not limted to, hexafluoroacetonate,
salicylidene, 8-hydroxyquinolate, and 16 WD 2006/ 093466 PCT/ SG2005/ 000065
R, R ~?2v Rl1 RI1 R14 ;, 12 212it," "It f" 1xNRI3N S Rit R2
12 . R12 R%IB;.SZSh§wnforreferenbe84{% Rl12 F R11 R11 R11 R11 FRI1 IF F No ;
hI, SNQ, S R13 R73 (X>13i13 R11 12 R71 R12 R 2 a 12 R12

Rt i Rj Rl O, R11 i "'L -RI83d~ N 9\ ~/1 ~R13 1, WN€ti, 1,")
-1- 1, RI2 [0062] Suitable tri-dentate L groups would also be known to a person skilled n

the art and include, but are not limited to:

P, e,

- 7N / A \\ Ripe ™™\ R

R11@_< —Riz Rir—§ /,>~~</ __("\f/““”Rm g R 8
/ LN N= )

; \ / 5, 14

s /4
N —p— R1 3 N 7o R 13 \\am - {'

s

wherein Ry; to R4 are independently defined as Ry, above , and the bonds to the metal

atom are not depicted.

[0063] A person skilled in the art would appreciate that complexes of other
metals , such as, for example, Rh, Pd or Pt may be made by analogous methods (WO
2004/084326).

[0064] In other embodiments, one or more of R; to Ry in formula I may be a
substituent containing a spiro group, such as, for example, a spirobifluorenyl group.
In specific embodiments, the substituted 2-phenylpyridine group may have the

following structures:
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1" or 0 R 12 R12 where Rl11 to R13 are independently defined as Rl above

and the two bonds to the d-block netal of the organonetallic conplex are

shown forwoebermsme only. In specific enbodi nents, L i eCcaseyisac@cdne

("acac"). [0061] Suitable nono-dentate L groups would al so be known to a

person skilled in the art and include, but are not limted to: -C 111 c |

-C=-=NC N RI1 P- R12 -S-CGN N/ Rl R13 wherein R11 to R13 are

i ndependent IR% i ag,,R1, above antha rRLhe metal 17 WO

2006/ 093466 :f\05/000065 atomis sh§ yefe encg only. [0062]

Suitable tri-dentare dups P sﬁom@kll%edin
13 1

the art and i ncks € NG ‘mted tos N
S/t NFf o~ N NEC R 4 RIS-A Y-R14 yh R,
i ndependent | frédef’| 1SR anfts th atom ar e

not depicted. [0063] Apaxsson ski %f ed in the art woul d ap'btr eC| ate that
conpl exes of other netals , such as, for exanple, Rh, Pd or Pt nay be made
by anal ogous net hods (WO 2004/ 0§4326) [ 0064] In ot her enbodi ments, one or
more of Rl to R8 in formula Ig a substituent containing a Spiro

group, such as, for exanple,
Ryz == R

wherein Ry; to Ry are independently defined as R; above and wherein x may be 1 to

about 3.

[0065] Spiro substituted 2-phenylpyridine groups may be prepared with
satisfactory yields by methods known in the art. For example, spirobifluorenyl
containing ligands may be prepared by reacting fluorenone with a Grignard reagent or
a lithium reagent of 2-bromobiphenyl, followed by acid treatment (Yu, ef al, Adv.
Mater. 2000, 12, 828-831; Katsis ef al., Chem. Mater. 2002, 14, 1332-1339). If this
spiro-bifluorenyl group contains an additional functional group, for example, a
halogen group, it may be further coupled with other reagent through Grignard
reaction, Stille coupling reaction, Suzuki coupling reaction, or zinc coupling reaction
to get the desired ligands. Spiro silicon substituents may be prepared according to
methods known in the art, for example, as described in US 6,461,748, and coupled to
2-phenylpyridine by known methods.
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In specific enbodi nents, the substituted 2-phenyl pyridi ne group may

the follow ng structures:

[\

R18~ !

have

R16 R16~ WR1I5 RR 11 RERA RS\ / \ /Ra R5 R6

R3 W6 200¢am3466N /R R7 RL N/ R7 R2 R7 1 8 Rl R a RCTRG28500d06% \ !

R16 R16 R15 R131- Rl12 R6 RS RQOR3\ / \ / R6 RS Ra RI6 R6 N Rl R17~~--/ \
/"\ NR1I1 Ra R1L 18 WD 2006/ 093466 PCT/ SG2005/ 000065 R17 R16 R18
R3 RR12 R1I6 RIS RS Rs 3 R6 Ri, RZT NRL NR14 R15 R8 Rl R8
R6 R17.-1!,

\

-[ogas] N RBoIRﬂvﬁng Wsa‘me' procddufdas déscﬁbe&&zb&i@ dﬁﬂrﬁ-sﬂﬁstﬁﬁed?z-

- 0,
RI2 a N R6 pheny j[pvrﬁme groups may %e 1'eacteéQ ]'\Tr’ﬁ’[h\ 1r1dmm onde/t Rl%f r% the c 15%2

bridged dimer which may then be reacted with another ligand (L) to yield a
phosphorescent complex of the invention. Alternatively, the spiro-substituted 2-
phenylpyridine groups may be reacted with a chloro-bridged L dimer, such as, for

example, LpIr(Cl)IrL, to yield a phosphorescent complex of the invention.

[oo67] As would be appreciated by person skilled in the art, the identity of R;-
Rs may influence the electronic, and therefore luminescent, properties of the
organometallic complexes. Non-conjugated substituents may influence light emission
due to different conjugation lengths relative to conjugated substituents. For example,
the emission spectrum of Ir(ppy)-based phosphor may be modified by the
incorporation of electron donating or electron withdrawing substituents. US
2002/0182441 discloses bis 4-6 fluoro derivatives of (ppy)lr(acac) whose
photoluminescence emission is blueshifted relative to ppy.Ir(acac).  Introducing
perfluorophenyl groups onto (ppy)lr(acac) may red or blue shift the emission
maximum, depending on the position of the substitution (Ostrowski er al., 2002,
Chem. Commun., 7: 784-785. Nazeeruddin er al., 2003, J. Amer. Chem. Soc. 125:
8790-8797; Lamansky et al., 2001, J Amer. Chem. Soc. 123: 4304-4312; NHK

Laboratories Note No. 484 available online at

www.nhk.or.jp/strl/publica/labnote/lab484.html).

[0068] Solutions of the organometallic complex of formula I may be made by
dissolving the complex in a suitable solvent. In some embodiments, the solution
further comprises a charge-carrying host material. The solvent is preferably a solvent
in which both the organometallic complex and the host are sufficiently soluble. In
some embodiments, the solvent is a volatile organic that is amenable to solution

processing techniques such as, for example, spin coating.

J0069] Phosphorescent complexes comprising branched substituted 2-
phenylpyridine-based ligands differ from phosphorescent dendrimeric complexes
disclosed, for example, in WO 03/079736, US 2004/0137263, WO 2004/020448 and
WO 02/066552, in that the dendrons of the latter are generally attached at only one or
two positions of the 2-phenylpyridine ring.

= R17 \
R7 R8
N R16
R6 \ R



N/ R7 %R7 NRI5 NRs | R8 RL17 R16 wherein RI1 to R2() are independently
defined as R above and wherein x may be | to about 3. [0065] Spiro

substi t utwa 2Bequleesy| pyri dine groups ' nay be prepared WPCH/SGaausisdoast ory
yi el ds by nmethods known in the art. For exanple, spirobifluorenyl
containing |ligands may be prepared by reacting fluorenone with a Gignard
reagent or a lithiumreagent of 2-bronobiphenyl, followed by acid
treatment ([0970t alEilnAdef the Waﬁasmetzme&pmja%xbc&??nﬁail n:{a’:ytsé §rep&re@![by, Chem
Mater. 2002, 14 .1332-1339 I this ir i f1uoren group contains an
addi ti onal YOIRERTBARTOGIOBHEOCceIsHiE t@‘ibé‘fﬁﬁ’leg asp &y syapp! &rﬁﬂﬂbcoa ing faipkpe
further coujpl pentgl NinGbREembeHSRAs, thBl %&&n@aﬂﬁ%ﬁﬁouﬂcﬁ%ﬁfbﬂﬂﬂa Philaly! €

coupling reaction, Suzuki coupling reac zinc coupling reaction to
get the desie &BMPingdnwLh aSﬁigﬁ’é‘Cs@fI p@lmegmbarbwmmg et @empmapiaramd

di @S, descri b |n US
origa. 748 ‘SHTESARRIHTEN M Wyl bR DS 10

2006/ 09346@rp®ﬁﬁismbﬁin@®tm&5em[aoeﬁ]ApﬁbPhpmenggm)em)ane procedure as
descri bed above spiro-substituted 2- phenylpyrldlne groups may be reacted

Feacted wi t0OLHLOHerSy hOuR bt B OF BersB MEHRE Sl it Moo bl of 'the
i nventi on. oahbfmgndmsvaimxat Infayskm sed)ecsadlbd gbt alldﬁ eﬁic&:ﬁn leeﬂ{?ﬂ PyRdfEH t'&etlhgr oups

hl d L or. exa e
5y (a1 ) 5t Bl ATs oM ouih ofE o O ol oG §%e # et SBHE T0067] A
woul d be apiogstoadseeht Rynithiag S6hters kd 4 trffletiof tHelRsAT thhe HBBOA SENEd fMihttR1- RS

may i nfluence éhe el ectronic, and therefore | um nescent, properties of the

or ganonet al'Y9wd &g ApPEd <. nURYSRL AL idwietg dostmaietinds iﬂchlé‘mgsbwtllmﬁﬂcdléqn@e | i ght
em ssi on %@@1&1@1@%@@%&@1m@&ﬁ&elé ERgyhs 8l ﬁg\t ;{%?rﬁogzch@gigﬂgg} ed

substituents. For exa em ssi on spectfrimo phosphor

may be nodif¢BE by pohe -vinylsereenat i(SAVEF), el2e@tbipengbiféd-terguod-phéme r on
wi t hdrawi ng § §£d15%6§&{'t(SPB ) ﬁ%g%ggll»ﬁgé%zgﬂyis (Pmp%enyl?amme) (“'I"&JIIRK’ X

derlvatlves of” (pp r(aca
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*)

[0072] The HOMO and LUMO energies of a number of host materials are
known (Anderson et al 1998, J. Am. Chem. Soc. 120:9496; Gong er al 2003, Adv.
Mat. 15:45).  Alternatively, HOMO an LUMO energies of a material may be
determined by methods known in the art (Anderson er al 1998, J. Am. Chem. Soc.
120:9496;L0 et al. 2002, Adv. Mat. 14:975).

[0073] In one embodiment, the organometallic complex may be added to the
host in molar ratios of about 1% to about 50%. Depending on the desired properties
of the film, a person skilled in the art would know how much of the organometallic
complex to include within the host material. Generally, the absorption spectra of the
film should show emission principally from the phosphor and little or no emission
from the host material. At greater organometallic complex concentrations,
bimolecular complex-complex interaction may quench emission at high exciton
densities (Baldo et al. 1998, Nature 395: 151). Depending on the desired luminescent
properties, the concentration of the organometallic complex may be appropriately
varjed. For example, the concentration of the organometallic complex may be

selected to show the maximum luminescence with no or little roll-off at higher current
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phot ol um nescence em ssion is blueshifted relative to ppy2lr(acac).

I ntroduci ng perfluorophenyl groups onto (ppy)21lr(acac) nmay red or bl ue

shi ft thewermn&aissssé maxi mum dependi ng on the position eCTSSGROBSWhEESt uti on
(OCstrowski et at., 2002, Chem Comrun., 7: 784-785. Nazeeruddin et at,
2003, J Aner. Chem Soc. 125: 8790-8797; Laransky et at., 2001, J Amer.
Chem Soc. 123: 4304-4312; NHK Laboratories Note No. 484 avail able online
at  www. nhigegditids: PEGt lidpby)s - doutplaxes/ peab redficédcids4 84 (ihvkid FMIOG83ts 80 ut i ons
of the organonetallic conplex of fornmulLa,l may b e, by _dissolving the
conpl ex i n okta#sHt a¥l éo@ﬂﬂ/e?ﬂn?enf’ﬁﬁ%nﬁ% mﬁg%nﬁqiffgg‘%hé SBFER PRRENE U7t her
conpri ses qes\fﬂg&m@-(%rdbyéf HQ(]@@@"PJF@'[A%F!. WhemTHR1$R1008NLed 2 pF ofiPald y a
solvent in Ich”both the organonetallic conplex and the host are

suf fi ci ent |herr260QHIES):E280)some enbodi ments, the solvent is a volatile
organic that is anenable to solution processing techniques such as, for
exanpl e, sgi oat i # 1 EMmoaRMMid Sémger anched
substi t ut eﬁbg?%phen{ill?Sb%l%g’?‘%]glaﬁggggggitge;g}ggb%?}ﬁ%{r f%glm phosph_oﬂr%gscent
dendri meri dnponmpbsexey intireed e epanthor effixwnpy of thenphaeplpsesgyy 73pitten joy

2004/ 0137263, WO 2004/020448 and 0240 [ h e s of the
| atter are SGEHEMS FUS5TE aﬁwgﬁs'at Agx\%ppé{}iﬁ%r%ﬁ e&oﬂﬁ’ggfg ?i %)n?ﬂgf ngr’]zg/gl

2- pheny| pyrghdioheninéddent GehniiGh 2666/ @PLEMO6 iPE¢ SCRDCEAQ00D6Sas [IBOFCIe Fi | ns of

th talli | f formula | b ti onal
e organoretl 1. colox of {orgul 5 Loy OGoiep S8 gt onal
jet printi WQ%%tth?ﬂ%??fﬁE@Hp&ﬁE‘?  BanstdteoRhi8 ARGHRER CBPCHE:0 P @hin Ugppet:- f or mul a

| may be co a orgaric or polyneric charge-carrying host
conpound, drsed dakritienasd tenipcicaied gepdratidtioef therRhosRSERSCEHRLtBFIMBIPEOISH ocessed
into a filmby solytion. . procaess] chni gl.@sy. 2000, Appl Phys
Lett. 81( 1)1?“1%855’5’. f’ﬁﬁ?fTﬁkgg%u%tgg%éﬁa%g%%ggﬁééﬁﬂﬁe a ‘pe?son skilled in
the art, the charge- carrying host material may be selected to allow

ef ficient ef0675bn t Famsfemusinghen cogagameiadlicacomple grpfasseuls £ 3 P8l e or no
back transfey froma triplet,state.of nhor t LhtbRgqogngers to a
triplet of ‘E‘{Y&“‘ﬂ%&? Ty ‘Pﬁ%&)ﬂfér%%%aéﬁr}cf%cgpi%%%? e %?f& fﬁmgﬁl@g}, e aware of a
nunber of ka@wd fkesh, gaeeilyaks Wit kafeiene, tobigumdtA [winth édnatolepBted to

glh gg?lb;ég%es?cg ei% 131?1;1&9&%9 nlt _d%x’/ige’sdfc_ogxgplrgez: %laeem(iss-il;e a}e’r (§mﬁ Eolr\lnplx\'lzsing one

-or more electroluminescent materials disposed between an electron injecting cathode

(310) and a hole injecting anode (320). In certain embodiments, one or more of the
anode and the cathode may be deposited on a support (330), which may be
transparent, semi-transparent or translucent. As would be understood by a person
skilled in the art, the anode or the cathode may be transparent, semi-transparent or
translucent, and the transparent, semi-transparent or translucent electrode may be
disposed on a transparent, semi-transparent or translucent support. In certain
embodiments, the anode is transparent, semi-transparent or translucent and is disposed

on a transparent semi-transparent or translucent support.

[0076] The anode (320) may be a thin film of gold or silver, or more preferably
indiumtinoxide (ITO). Generally the anode comprises a metal with a high work
function (US 2002/0197511). 1TO is particularly suitable as an anode due to its high
transparency and electrical conductivity. In various embodiments, the anode (320)

may be provided on a transparent semi-transparent or translucent support (330).

[0077] In certain embodiments, one or more of the anode and the cathode may
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("CBP"), poly-9-vinylcarbazole ("PVK"),

2- (4- bi phenyl)-5(4-tertbutyl -phenyl)- 1,3, 4, oxadi azole ("PBD"),

4, 4", 4" - two-2bbeomsdsazol yl - (tri phenyl am ne) ("TCTA"), PCT/SG2005/000065

1, 3, 4- oxadi azol e, 2, 2' - (1, 3- phenyl ene) bi s[ 5-[ 4- (1, 1- di net hyl et hyl ) phenyl ] ]
(" OX-D-7") or pol y[ 2- (6-cyano- 6- net hyl ) heptyl oxy- 1, 4- phenyl ene(" CNPP")
[0072] The HOMO and LUMO energies of a nunber of host nmaterials are known.

(Anderson ebe atpod @B on .ol su wIREE mal20e WA Giarda@NnattrAbpad@0dr Adv.
Mat . 15:45). A ter nativel lﬁsmHO%%OE);nn LUMO ener gi e? of a nmat erlpal may be

det er ni ned wsmwodﬂlewﬁemarﬁm FeHE-tERDEPAro (P Bl ugent at@pppgtg@%hmww Chem
Soc. 1.20: 1948@“0}-9}(21%{ l@ u r\%%?%}asf‘gi’ fnegfb@ta ﬂe%%leg%cg}xgex[xé)gx ﬁllxate Exafble

embodi ment, Tt he orga to t host |n nol ar
rati os of a@bﬂnxxbi@/dmmpamusenﬁﬂ%asmendm@mnt hibsigeed mebidprioperctnags  of

the film a [SO Skl in.t know ch of t

or ganonet al ﬂl&‘?eds %ﬁplp(g)?' PE e n(ﬂOB’Ee a\ﬂu%oeﬂjy?eﬁgs *hdS yeﬁ,ﬁ’?u BFi éFrep@ﬁ%thal ly, the
absor pti on ppedéfia m‘chtd’sepoliprbmazaﬂaoaﬂddp@hawem s,;el;emuws; @Glypalflbisﬁtriléom t he
phosphor and little or .no em ssion m t he host ma At great er

or ganonet al #1% Pe¥#RsIcaIricy er’e}ﬁ‘Eelﬂ@nyé?@m €, bP‘Pilﬁter@B‘?sarpo

i nteracti onfifgiha@y Blihae%smu%ﬁb 1Ak ri o éfeOn densi t| es (Bal do et al.
1998, Nature 395: Dependi ng on the desired | um nescent properties,

t he concent r@le on of the organonetal lic conpl ex may be ap}lrl)r opriately
varied. Forl0%8hpi e The ranissvk éver 300 costrrishg té?g)a&ewmeéﬁi ¢ complgplobx may be

sel ect ed t%%hﬁmgﬁ@mﬁgfsér b D RS EENGRIN bR ~NO 06 ss,lb% pr@hdegQbT at
hi gher current WO 2006 93466 PCT/ S&005/ 000065 densities. For

| r (ppy) 3 cowplrexeshe pecde f kiowinerobiton riroceSHmRz tachinivdg suok tas, far exangit, ai ned at

conpl ex con o] f .8 en e ctlvely
(BgF do et a ?r?écégg‘l’]’ C% n%’ %&% 5\6& &\m%l‘% %{Brgf%%% Eee e ﬁgaf()lfcog{? %Dh S

Lett 2000, Wwit¢ D) c@2iBQ) dlp[ mvmg sptayl soaieg, eveed ;irhmﬂng,bﬂattdpngxﬁgheffset
phosphor escent. or gan ic complex inta.a os rove the quantum
efficiency Bf® “Phe‘%pﬁﬁghlﬁf%’élgenfn (gﬁ‘lg?lfle(?mntffg“m%‘% Stt?'%‘ﬁmn%l%}?f JotheEnt er s,

AN 11 (ppy) Scoieitided AR orzhhit dhathe@afing Bost 2MotefilOt alldntinescentyiguasium yi el d
(PLQY) in the sol i d state, whereas the sane dendrimer doped at a wei ght

ratio of 2096FHiPlesp impottantippley 1grchaxge gugnsparh and a6t (5 & Frénleteﬁofwcewe nt
energy trangfifer O&GH4A Hif1EQM hb dreldBlorRassid WO @3 J076 PRy 3-

[0079] The charge-carrying host material may be predominantly a electron
transporting material, such as, for example Alg3, TAZ, BCP, PBD, OXD-7, or
predominantly a hole transporting material such as, for example, N,N'-diphenyl-N,N-
bis(3-methylphenyl1)1,1-biphenyl-4.4' diamine (“TPD”) , PVK , TCTA or N,N'-
Bis(naphthalen-1-y1)-N,N'-bis(phenyl)benzidine (“NPB™). Additional  hole
transporting materials may be found in US Pat No. 6,097,147,

[0080] In certain embodiments, the electroluminescent polymer film may have a
thickness of about 50 to 200 nm. A skilled person would readily appreciate how to
control the thickness of the resulting film by, for example, controlling the duration of
coating or the amounts of the electroluminescent polymer. In certain embodiments,
the charge-carrying host material may comprise a combination of charge carriers, for
example, a blend of PVK and PBD (Lim et al 2003, Chem Phys Lett 376:55). As will
be understood by a skilled person, the emissive layer need not be of uniform
composition and may itself be made up of a number of distinct layers (US
2003/0178619).



based dendrinmer and the increased separation of the phosphorescent
chronophores mnimzes T-T-a nihilation (Lo et al 2002, Advanced Material s
14: 975) . WOQédjookickns conpri sing an organonetal | i c conplrex/seRodsonondsa | nmay
be advantageously used in el ectrolum nescent devices. As will be
appreciated by a skilled person, generally, and with reference to Figure
A (which is not depicted to scale), electrolum nescent devices conprise
an em ssi vg[obaner ( BORHme uMollhd@s CRE emistive MBYR (BHOCHIa0! AlKd RERSENE

material s sposed between an el ectron injecti ng cat hode (73108%’l and a hol e
i nj ecting alftsERscese eyitting maisriala sychedspioa icapple, [2anehyro- E¥m@ d¢traphidro- anode

and the cat it 12%5
t ranspar entmglgr?l%%lor Qﬁ“gg’%ﬁtg %%tt%@gﬁsé}?—}‘ ent - }ﬁlgé\g/%ul d be Bﬁ%er st ood by a
person ski("Ped¥I"n (Mﬁéoar/ﬂﬂfi()tﬁ% anddie dredt lide o@tMod@OZmyp}lde Fthyanépyar ent,

sem -trans ucent nd the transparent a rent or
transl ucenPﬁé@rﬁé{)%deﬁéﬁ B%me%?e%tpégwae ﬁc’lgp??%s%a?gﬁf’wes ?ﬁ'r f’{'; $par ent
or transl uc(@py)qls(uam) Bid l%nNﬂ)eeRécaimPVHtﬂmm ishaa Smotthaclariod @misiohfagas par ent ,
sem -transp i s, di sposed on a trans arent .

sem -trans E? gﬂi §r~‘ t ugrf‘&@'lgrgg%” g{?ﬁb&?@g Ingpedsio #Me PARisHBT - ¥dy be a

thin film ofeligRlidnirorgdodREallicUonPih@s Bf ?Jrﬁ‘q'i;?abﬂ ﬁriay hA1 Gk 41&%&*5?&8% 'cﬁﬁsxﬁ TO)
Ceneral |y the anode conprises a nmetal wt hi gh wor k unction
h| gh

2002/ 01975 12gpnts,| afiowing et isttes :i@lln}edsdnmatﬁxelt@sreenm@n@d@ Qe trapsherrs
transpareng sﬁ{?r?et %236 lﬂ?eahuo<}é’s@élﬂ%ﬁﬂl%€ﬁ1§¥natér§‘a1 Yidhi réx“ﬁor&@i’&gﬁs@”ﬁﬁ it he anode

(320) may provi on a transparent sem - ar ent translucent
support ( SS@)bod{rﬁ)ﬂﬂ Tthe hmemmmacmssn@aghmd sﬂ,uomsrenoer emistieg ofatetillemanode and

t he cat hod 22 VO 2006/ 09346 /SG200 000 d on a
suppor t (3%);)&@% 'ﬁmﬂgifgﬂ‘g 1PN 3? B a}(etragg’%%fﬁgﬁtg%?n%rw SHWS1 ucent .
The Ej r aPS paﬁ@sﬂiﬁigj el ahd &IﬂSﬁéﬁi’eﬁd&H e@littibg aﬂaéxtt;)memé fsiswﬁp@t; lrshcl{ 320 )therR)is be
rigid, for exa quar ass y be a flexi ynmeric

Cubsty at o BAAHBRESIGAL P Elep v Esraep ar ST ARp ARG TETByTem
transl ucentesust 4RhBS ahd QJeNﬂ:@m thytenﬂgs@ven Qhectrh i Iom 8 hosO md@&lamﬁa ags.

pol yt etraf| uor oet hyl enes ol yet hyl ene ter'epht hal at es, Qp yol efi ns such as
pol ypr opy| efferaien wp%tvﬂw @ﬁ@sys;%m 9%1@@%%&%&’7@9;74%% 19).| Substagital

pol yacri oni, i B3 chl ori de,
and fl uor| gdtnlggm sﬂggglg %g %%)Fyt éotléf)%%lﬁé%%{%et ene Y%ﬁgg%] The

em ssive | ayer (300)r corrprl sing the organonetallic corrpl ex of
[%032] he relative concentration of the guest material within the charge-

carrying host material within the emissive layer (300) may be about 0.5 to about 20
weight percent. A person skilled in the art would appreciate that the optimal
conceniration of the guest in a given host may be determined by known methods, for
example by comparing the luminescent properties of devices that differ only in the
concentration of the phosphorescent guest. Generally, the optimal concentration of
the phosphorescent guest is a concentration that gives a desired level of luminescence

at a given current density without a significant roll-off in quantum efficiency.

[0083] The cathode (310) may be any material capable of conducting electrodes
and injecting them into organic layers. The cathode may be a low work function
metal or metal alloy, including, for example, barium, calcium, magnesium, indium,
aluminum, ytterbium, 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



formula | (hereinafter also referred to as a "guest"” or "acceptor") may be
provided as a filmon the anode by known sol ution processing techni ques
such as, wonoexmsbe, spin coating, casting, m crogravRCe/SGeisionges gr avure
coating, bar coating, roll coating, wre bar coating, dip coating, spray
coating, screen printing, flexo printing, offset printing or inkjet
printing. In certain enbodinents, the em ssive |layer further conprises an
organi ¢ chap@es) Cahny Mg, 1v3$t): Wat Kiinddt. al (DEV4G BRGeMEaNnayNY: host TR&teri al
pl ays inportant roles in charge transport and acts as a triplet source to
transfer exeihpei(3lp) prebaa sipzleheyerpt bivepepmppinssigaturend logrtiedy 690) [ 0079]
The charge- Vi ; I e predom nantly a el ectron

transport i r?g@n‘%t‘%?%‘m}smﬁi@@ibﬂ’%@ﬁi@m| e Alg3, TAG BCP, PBD, OXD-7, or
predom nantly a hole transporting material such as, for exanple,

N, N -di pher{9584l, N- Wit Rfemachye praars 1B, the electinlpminegtent davicedivayrifyrthet " TPD') |

PVK , TCTA N- Bis al-ens 1yl ) 2Ny N s fi | i dj "NPB") .
i 1 onal Byl Mecor W BAPAGERED AN il Nty RO BRAANR. " NET)
6, 097, 147. (PDODEAJ tHenemiesitalapera B0@) b et idockidyd aydr €860) alispossidscesdn thel ymer
filmmy have a {hickness o bout . 50 to 200 nm A skille r woul d
a1y anditesrie BV B cRbads L0 ) BRtetotogi dnit Qe ] P T i by,
for exanpl alispeeatieblddnBe hdl€ bkl 19k str?%matﬂer&mae () ameunhgd 8¢ t he

el ectrol um nescent polyner. In certain enbodinents, the charge-carrying
host mat er i2RPrefialpd conpricsen skilisdhimbiei Bh the clopuplyminespent dleice fagy bexanpl e,

a bl end of ﬁ%@égeﬁngy F bﬁlﬁﬁomdﬁffer@ﬁf %?%%incﬁ@ﬂa?enPWairs,Lsﬁa P Bydrs 0 W I |
he understood by a ski| ed person, the em ssive |ayer need no be of

uni form coppuSdally descaibed oredepictesidhFihee M dwy alsodk peesauinbbe thisknelisetes nct
|avers (US 400304789000 1p37%. 1O A00BLB83400,RCT/ SG2005/ 000065  [0081) 1
sone enbodi ment’'s e ‘em ssrve Tayer nay al so contain a fluorescence
emtting material, such as, for exanple, [2-nmethyl-6-[2,3,6,7-tetrahydro-

1H, 5H benz dP0$flqui nGhé ETh- 350 rempasesl dn- debtppr ansporying destefial. As used

ropane-dinitrile ; ) US2003/ 0178619 r. Nil.e R et. al . 2002,
ool Py s Petet o el Mshet MEaraeis o1 fntnbetas PR Sa L Br Eieling an
em ssi ve | ayjecticafof Ble¥trofsipym 2Her dagicde Y3100 thtd toeNi Ul CReftih BlcBWiK rBISpsdnows
al nost excl usive er;;l]s %OE ir om the Nle. Red fluorophore. Wthout. being
linmited to lﬂ'rﬂ/ nﬁaécm .C'ﬁ & T HR&Y ff’mipflsel an inherent eiectron transporting material,

such as, for example Alq3, or a doped material such as, for example, the Li doped
BPhen disclosed in US 2003 0230980. Preferably, the work function of the cathode is

not more than about 0.75 eV greater than the LUMO level of the electronic

transporting material, more preferably not more than about 0.5 eV, or even more
preferably, about 0.5 eV less than the LUMO level of the electron transporting
material (1US2003/0197467). In certain embodiments the electron transporting layer

may have a thickness of about 10 nm to about 100 nm.

[0086] The HIL (340) comprises a hole injecting material. Hole injection
materials are materials that can wet or planarize the anode to allow for the efficient
injection of holes from the cathode into the hole injection layer (US2003/0197467).
Hole injection materials are generally hole-transporting materials, but are
distinguished in that they generally have hole mobilities substantially less than
conventional hole transporting materials. Hole injecting materials include, for
example, 4.4’ 4>’ -tris(3-methylphenylphenylamino)thiphenylamine (“m-MT-
DATA™)(US2003/0197467), poly(enthylendioxythiophene):poly(styrene  sulfonic
acid) (“PEDOT:PSS”) or polyanaline (“PANI”). In certain embodiments, the hole
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bel i eved that organonetallic conplexes of formula | may act as intersystem
crossing agents, allowng triplet states fornmed during exciton

reconbi nawoanogi34se transferred as singlet states to tireTSiGaarsms@ent
emtting material through Forster transfer. In this enbodinment, the

I nt er system crossi ng agent and fluorescence emtting material may be
present within distinct ers wwthin the em ssive layer. Preferably, the

i nt ersystem w@gsn&?gclag@fg avg adhitkness efabewi@8 namiotabory! Wamer i al are sel ect ed
such that there is substantial spectral overlap between the fluorescence

em.tter and thgrpt er 3y Siedin %ﬁ%@éﬁ%ﬁtsagﬂ‘%ﬁicxén@ Lozl dfetﬁ%ese%a?ersyst em

spectra of the host material and absorption spectra of the |

crossi ng agenimro@dd0s¢anar s holsbbghagiam (36 Sithein mﬁlalpedmwnbe
cal cul st ed, {orieraL s 7% U8RSE b ARSI B4 THAS: o PARNT.

rel ative concBAP est na geT ‘carry
host materi al pmwérhs [hetdhergesrﬁsm «héfuhmg@m Qme)emyveblayaﬂmuthe(hdk bbchhgut 20

wei ght percent rso kil rt wo at e at .t
opti mal conc’@ﬁ}epﬁltoﬁ 31 58?# ey ﬂ‘é’ B%Eej(/té’naﬂ%"sae‘%ﬁ 3 °epsl§§%bé @8 by
known net hodsholt blockik dypt @60y arcicstipa mamism Tayeir (300 ccsea,tfomﬁ@ld, USsPnf

Goneral 1y, -t o B, Saibude s BEORS RSy able HisPeBE gferglscindd bed ="

concentrati onAdid thViREoR sUBRUIAGhE @Mebnd)ﬁndlﬂﬂé“) RESERAPR, 2@-dithegiyl-alT-

current density w thout a significant rol{=-off 1n qua n ef ficiency.
(0083 The. catHBRRA 1 bpormy e PORe: o Ceamelbn dioRae GlockaRdeist | GE

el ectrodes afghreP QG thd ehat REAH AL 1ydRE, 488 & t’ﬁu%ﬁl) @bey/ezabizye maymbe a
| ow work function_ nmetal or netal ¥on, i ncluding, for exanple, barium

cal ci um magnesbedimenthdbefgle blorking fayey Moy havesithisknesn obabas hummte Abawt 6

all oy, or a nggnesiumsilver alloy, such as, for exanple an alloy wherein
the atomic ratio of magnesiumto silver is about 10:1 (US 6,791,129) or an
all oy where the atomc I‘%’[IO of Ilthlumt_o Hmls about b11 00 to
about 0. 3: 100[908Bk, et Toe hogtzemterfal éih Femﬁﬁ’ﬁp % ) pipy pe amexciiamblogking o 4
24 WD 2006/ 0934REa1PE {: 84RO R s, (@%ltoﬁyﬂ% hbeliddrld 10 pABdA)y refide oki M et

al (2004) Synth. Met. 145(2-3.): 229). The cathode (310) nmmy be a single
| ayer or havethg 1?9@17}9%‘11% SHEPTYELY rtEns %ﬁ%ﬂ@?@‘ﬁ?@?eeﬂ‘nﬂ?%@‘eﬁéﬁ‘r%éﬂ ve,

transparent of{&ah gﬂésl 86101 3&@@18)4]Ex¥mrfb15£éﬁg AReRalt Qi bSidfBly hBve 4 B?ger

el ectrol um nescent vice may further - contaln one or.nore of a
i nj ecting | aykandg EJ?B{HBT&U?JSG‘P ﬂﬁ@éﬁéeﬁéﬁ%e@eﬂ%ﬂbrﬁﬂ@ns do not dlfﬁ!se ff0m

a material having a lower band gap mto a materm] havmg a higher bandgap and an

exciton blocking material may be. used to conﬂne the excitons within an emissive
layer (US 6,784,016). For exa.mple f.he deep HOMO level of CBP appear to
encourage hole trappmg on Ir(ppy); (U S 2002/01 82441). The phosphorescent guest
may itself serve as a hole-trapping matenals where the ionization potential of the

phosphorescent guest is greater than that of the host matenal

[0089]  In addition to the layers described in Figure 1B, the electroluminescent
device may also contain one ot more ofithe following layers: a eleciron injecting layer
disposed on the cathode. As used herein an-electron injection material is any material
that can efficiently transfer elecirons from the cathode to an electron transport layer.
Electron injecting materials would be known to a person skilled in the art and
include, for example, LiF or LlF/Al The elecm:m injecting layer generally may have
a thickness much smaller than the thickvess of the cathode or of the adjacent electron
transporting layer and may have a t}ﬁclq%gss of about 0.5 nm to about 5.0 nm.
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(320) and the em ssive |layer (300), a hole blocking |layer (360) disposed
between the em ssive |ayer and the cathode (310), and an el ectron
t ranspor twbayevosg46dl) (350) di sposed between the hol e Bcoskong/obeger (360)
and the cathode (310). As would be appreciated by a person skilled in the
art, the el ectrohum nescent device may be prepared by conbining different
layers in diffe t ways,..and other |ayers not specifically described or
depicted in FM??J@ 1 By%ﬁdylh?@?r%af?f}ﬁg@ﬁm above. & MmatRiplesar saye more thas
layers in Fi gBA& fhfRiéd ®n 8h SRechOfundRRbGE @dvice %ﬁﬁ'&aﬁh@,oéélu&hﬂaﬂibﬁt&?O)
el e

conprises an electron transporting material. As use herein, an tron
transporting mgtesalsarith & suffigisptlyderce banf genmaysisoowsveagn hofreblotking layat.

nj ection of Sherkhas humd ReuaRk 180S (31 Qrd ek INQ:0fndilie. glect ron

transport layer materia L may conptise an 1nherent el'ectron
transporting eramenle. dAZ, PBI4nddks likor exanpl e Alg3, or a doped naterial such
as, for exanple, the Li doped BPhen disciosed in US 2003 0230980.

Preferably, t rk fau E&P&f‘] ; ; e 0.75
eV greater thgfr?e\t‘kae Iﬁgrl\%él eve %Eir"t"?ﬁﬁ%@?g“ﬁn‘i’i‘g?&r%%@F%Fﬁ’gpﬁn%%%ﬁ‘m :

nmor e pref er abinpieniak  Ror @stahes itabiould e sppéstiat glre BOMO 1gprebfoftiabhyst about
0.5 eV iless t : of - the el ectr £anspogrLin terial
(US2003/ o1974’2’3%?@%#@@5“?%%%#&%% ‘g‘a{‘ ﬁ‘%’a gp@*c‘{’ ?%"ﬁ’o?*i g‘ﬁs‘%‘8?‘5$’ﬁ*’5°?“éyer

may have a t hgwkshespreednt bdutranblorof exciabaiplet k@esr iorthe h6A.8 Gfuriilkgndzk Lt ( 340)
materi al st hatoRd R BT anE oL e S B Bt vt v ElR B ent
injection of #hsbesiof sprmrd bfthe phdspharesaettqruielte hol e injection | ayer _
(US2003/0197467). Hole injection materials are generally hol e-transporting

aertals, Dljootat | SusLLO DAL 8 N BEAE ) DA E L

nmobilities s ess than cgnven o) spor
material s. Hodre Imgeeteini empodizhieents, insssivedédyet €300) dv preparainipt solution processing

4,4, 4"-tris(3-net hyl phenylphenyl am no)t hi.ohenyl.am ne .(" - )

DATA") ( uszooa‘Fb‘E’éW%??"?‘ %% |f§’( & z'#@?’esﬁﬁ‘? & %i"aﬁﬂﬂﬁ‘eliﬂ.“ﬂ%? ﬁg{r OHARE= TP £ oni ¢
aci d) (" PEDOI6(0B3). Bohpinnyaaddg steps(idy A I¢a}ried sur redd inerh adidspliremitisas, t he
hole 25 WD 2006/ 093466 .PCT/ S&2005/ 000065, i njection | ayer have a

b Ckness. of R STEEE THET BIGh 5% Ot CHEVE B0 STF TV PEPReR PEORF RNt s,
the effici encevapbrafidoFbd Bievaamm depositen. 1MpE aayddy wiafl &8 'Hiegdd B kaowe! €

bl ocking | ayetgc}&gc?u%g,'sugg Elsr:%}' e:pa%pqg t{JEI: m %9 eltegn‘(%znybeam evaporation, chemical-

vapour deposition or sputtering.

[0093] The ability of compounds of the present invention to prevént T-T
annihilation or concentration quenching :ma"y ‘be determined by methods known in the
art. As mentioned above, the roll-off*of quantum efficiency of electroluminescent
devices at higher current’ densifies:.is: 4 characteristic of T-T annihilation.
Alternatively, the steady state photoluminescence of a fibm containing a
phosphorescent guest may ‘t.)e compared to the photoluminescence of the guest in

solution.
[0094] All documents referred to herein are fully incorporated by reference.

[0095] Although various efnbodimsﬁjnts 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
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particular theory, it is believed that the HOMO | evel of the hol e bl ocking
material prevents the charges fromdiffusing out of the em ssive |ayer but
t he hol e Whaotaimgeonat eri al has a sufficiently | ow el ectcorsGhenrsmp@est o
allow el ectrons to pass through the hole blocking |ayer (360) and enter
the 'em ssive | ayer (300) (see, for exanple, US Pat No 6,097, 147,

6, 784, 106 and, US 20030230980). Hol e bl ocki materials would be known to a
person ski | | edPVERITHE gider 10y AchigieciPe game F%ﬁ“ﬂel%aﬁbﬂ@ma@}’gh@b‘m IRl - 4AlY -

di phenyl - 1, 101haaardnar &id ( 8 r k er
(360) is thi nner than t hgﬁ?ﬁgfggg%e?rﬁé}ﬁ Ig%e)rﬂs]é G%ﬁ%%%gﬂé %%ﬂg’ﬂy
(2004/ 0209115)111deﬁt\°°§10h.’é OI@n%éidmﬁSt skillt meﬂlhoaré of I%Mﬂ?@ﬂb&yeﬂemgieﬁmd!e a
t hi ckness of ghauk 5 nmto about 30 rim [0088] The host material in the
eni ssive |ayer (300) may be an exciton blocking nmaterial- In
phosphorescent devices, the" excitons are. believed to primarily reside on
the host and HI096byentlhsl word: Feamphising'ois tagdtdsearp ipgpinded semntsubsestallgi t s

prior to emsg 0 eC al g wdl
general ly have&é g&@@%@gﬁd(ﬁ&ﬂﬁiﬁ% buEi'i?terl aés)éol n H#glngn i rﬂ‘sqaasyérs
General |y, exwid @hed lddhmmet:didaﬁmmdlpm enlewmttbe majtexlndwtan@ a@thdronwe) baamnd gap
into a materigl, n r bandgap'.and an excitors blocking materi al
may be used tgl (s:%%}ﬂ%nn%m?[ﬁ %Qagl tons within an em ssive |layer (US

6, 784, 016). For exanple, ,the deep HOMO | evel of CBP appear to encourage
hol e trappi ngl@®87] r ( pﬁjﬂ)%SfO(lbsn@mm&M)lﬂusﬁhevqomﬁs‘mmneszsms gfiché may

itself serve re t otential of
t he phosphorglgc%ﬁ{} ge%tnwglmg[%%gﬁler %sﬁgns %ﬁﬁ?mgﬁtﬁ 55 B -al [ 0089]
In addition to the Ia ers 'described in Figure 1B, the el ectrol utni nescent
devi ce may al /§98bnt aExamplesor nore ofkthe following |ayers: a el ectron
injecting layer disposed on the cathode. As used he icin an-electron

i nj ection mat b | SEeypiterial  that can efficiently transfer electrons
fromthe cathode an el ect ron transport layer. Electron injecting

materials wo wn. tqQ a rson skilled |n the art and include, for
exanpl e, Li F%&'E&-‘F ynq“ﬁ%sé‘?g&ﬂ“ﬁ thylstylmriding (Capepungeder al |y may have a

thi ckness nmuch smaller than the thickness. of. the cathode or of the adjacent

el ectron trans ortl ng | ayer —mése have a thickness of about 0.5 rimto.
about 5.0 nm_ 2006/ 09346 PCT/ SG2005/ 000065 \ [ 0090] As/vm Il be
appreci ated f Qm W \(e

PAd(PPh3),Cly/Cul/A-PryN.

1 (95%)

[00_101] To a solution of 2—brdmp§ﬁdine (4.74 g, 0.030 mol), Cul (0.14 g, 0.74
mmol), and Pd(PPh3),Cl; (0.52 g, 0.74 mmol) in 100 ml of diisopropylamine was
added (trimethylsilyl)acetylene (3.0 g,:0.030 mol). The mixture was stirred at room
temperature overnight under nitrogen atmesphere. After removal of the solvent under
reduce pressure, the residue was purified by reduced pressurc.distillation tooffer5.0 g
(yield 95%) of pure compound 1 of 2—(111:11e1hy1511y])pyndme

1 »9 toe b N

[00102] ExamPle 2

[00103]  Synthesis of 2-(wrimethylsilyl)-5-bromopyridine (Compound 2)

AN
Si
== ~ —
[ _
Br \ / Br ey » Br \ / — Sl\
N Pd(PPh;),Cly/Cul/i-Pr,NH N \

2 (90%)
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one function in an el ectrolum nescent device. For exanple, electron
transporting nmaterials with a sufficiently |arge band gap nay al so serve
as a hol ewbl2owkiosgel ayer - Dual -function material s woul dPoe/SRaan0ess a
person skilled in the art and include, for exanmple, TAZ, PBD and the |ike.
[ 0091] A person skilled in the arcwaul d"know how to sel ect the appropriate
host- material. For instance, it would be appreciated that the LUMO | evel

of the host [@9HMIal Fa@wcktise of distdibrogmpyTidige Eatee: 0.ALH moble QUUKANT @vel of
t he phosphore uest hagck 515?“?)%5 ' [

states to the%%?sr}%@ © u%lt%hPeér(ﬁ%}gez,@éietp'%\ﬁbaﬁfé al so ggo%ﬁ?gg#ﬁ(ﬂ# %ha%&%%e

en ssi on spectaddedofrimbbylsdglhacsiylsue G1.6% gr 0-8p5 mab. Thbsixtptei was siored & ooof t he
phosphor escen uest. 1009 ove-nentjoned. | ayers be. prepared by
net hods knomt[?‘%pq[r%}ére an ﬁ%@%@%@e@ oar n%ﬁ‘t’gﬁlerén?g‘éﬁl\%}j}easﬁlevr%m(‘%@ﬁﬁ i's
prepared by satdiice prespiraakssisidge waepimificgunsiiah ebluam, tofobfer 8BxaRMlyiId SEN
coating or inkj.et printi US 1 - US 6087196). Solution coating
steps may be ﬁ?@g"‘{ﬁgtj?@%’é‘?@f’tﬁgﬁﬁg%‘pﬁﬁﬁw Mesyuch as, for exanple,
under nitrogen gas. Alternatively, layers nay be prepared by thernal

evapor ati on of0®105]acuBramgpdsition. -Metallic |ayers nmay be prepared by
known techniques, such as, for exanple, thermal, or electron -beam

evapor ation, B@’Q al - deposi bion.-0f; spUt f er | Q9 e.ability
of conpounds '(to e p?ixggér)ls imelégntig Qitbo’{o’rse'\gegt%ﬁgp%%ﬂﬂjhgé n%ﬁﬁ%@%ﬁl&%
concentr ati on (Gompolid®nay be determ ned.by nmethods known in the art. As
ment i oned above, the"roil-of k of:quantum effici.ency of el ectrolum nescent
devi ces at higher current densities ; ."i%
anni hilation. -Alternatively, the steady:s
containing a phosphorescent guest may @ )

phot ol um nescence t he guest i 3 | utN-dn. 005%] Al | . :
to herein are guly J sia\teﬂ%%ﬁsf]a .
enbodi ments of th&-iventiom are d'scl osed R®ET n, many avaxt at Mo

modi fi cati ons may be mad® within the scope of the invention in
with the common general know edge of those skilled in this art.
modi fi cations include the substitution of known equival ents f&%n
of the 27 WD 2006/ 093466 PCT/ SG2005/ 000065

[00107] To a solution of 2-(triméthylsilyl)-5-bromopyridine (1.27 g, 5 mumnol)
in the mixture of THF and methanol was added 1 ml of NaOH (5N). The reaction
mixture was stisved for 1 hour at room ‘texnperature. Then 50 ml of ethyl acetate was
added, the mixture was washed with water and brine and dried with anhydrous
magnesium sulfate. After removal of the solvent, the residue was refluxed with
tetraphenylcyclopentadienone (2 g, 5.2 mumol) in 50 ml of o-xylene overnight. After
cooled down to room temperature, the solvent was removed by flash column and the
residue was purified by recrystallizqtiqﬂ' in ethano] 2-3 times to offer 2.17 g (yield
81%) of pure 2-(2°,3°4° ,5’—tetraphenyl)pb:enyl—S~bromopyridine (Compound 3).

[00108]  Example 4

[00109]  Synthesis of Compotnd 4 -
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invention in order to achieve the sane result in substantially the sane
way. All technical and scientific terns used herein have the sanme neaning
as conmonwg 20amdesest ood by. one of ordinary skill in thecasGais/onnes

i nvention, unless defined otherw se. [0096] The word "conprising” is used
as an open-ended term substantially equivalent to the phrase "incl uding,
but, not limted to". Singular articles such as_"a" and "the" in the
speci fication |ncorporate unl ess the coy ctates otherwi se, both the

singular and the plural. [0097] The foll tw egkanpl es are i e of
vari ous aspects of the invention, and 't t he broad /aspy
the invention as disclosed here| n. [O s [ 0099] Exa w

[ 00100] Synt hesig~of 2-(tr nefh?h@bﬂyl)pyr|ofne (Cbnpgun
Pd( PPh3) 2C12/Cul i;PrZNH NN I (@594 | 0010&piei0 a sol Ut i op..gf
2-brompyridine (4.74 g, 0.030 nol), Cul (0.14 g, 0.74 mol),
Pd(PPh3) 2C12 (0.52 g, O0.74-mmol) in 100 nil of diisopropylam ne Q
(trimethylsilyl)acetylene (3.0 g,:0.030 nol). The mi xture wagqshir at
room tenperature overni ght under nitrogen atnosphere. After rennval of the
sol vent under reduce pressure, the residue was purified by reduced
pressure distillation to offer 5.0 g (yield 95% of pure conmpound 1. of

2-(triin.e hybe110)! ) P¥é b@bRtion b iRRltH YD BbronPPAMR (mgmmlpfn
P PPh3) 201 2 s, TR R TRE SComsfiansd WA S1986 1088 A0 R RS OBE Go6is
[00104] To a rgighid wastiRfedZop1 Gl SIF66Y idrfhdi@ule3Thé §0 mD oPdbyldkiate w2 (0. 07
& added, the mixture was washed with water and brine and dried with anhydrous
magnesiom sulfate. After removal of the solvent, the residue was refluxed with
cyclotone (2 g, 5.2 mmol) in 50 ml of o-xylene overnight. After cooled down 1o room
temperature, the solvent was removed by flash column and the residue was purified
by recrystallization in ethanol 2-3 times to offer 2.00 g (vield 75%) of pure
Compound 4.

[00111] Examples

[00112]  Synthesis of2-(2°,3’ 45 ’-tetraphcnyl)phenylpyﬂdjne (A)

A (85%)

[00113] To a solution of 2—(1mnethyls1lyl)pyndme (0.88 g, 5 mmol) in the
mixture of THF and methanol was added 1 m] of NaOH (5N). The reaction mixture
was stirred for 1 hour at room lemperature 50 ml of ethyl acetate was added, the
mixture was washed with water and bm;e' and dried with anhydrous magnesium

sulfate. After the removal of the 'slolvent, the residue was refluxed with
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0.37 mmol ), and Pd(PPh3)2C12 (0.26 g, 0.37 mmol) in 100 m of

di i sopropyl am ne was added (trinethylsilyl)acetylene (1.47 g, 0.0]5 nol).
The m xt Wwe 20@a093466r red at room tenperature overni ght ®QUESG20USID@GEN

at nosphere. After renoval of the solvent under reduce pressure, the
residue was purified by flash colum to offer 3.45 g (yield 90% of
conmpound 2 of 2-(tri nethyl-silyl)-5-bronmopyridine 00105] Exanple 3

[ 00106] Synt hé@lﬂ@h@fylczcl@zelmdmon@ A 8ri? alpm@l&ym PR rd rv% O-Hlemecmpsyght dhfier

(Conpound 3) T g,a% ?’ ﬂ! go T
solution of 2- !(;1%:1 yq esnly%%drmpy I ne %&ngéb} rrébg%‘l agdﬁlt he
m xt ure of TBlénE]nqmrbmhmpumﬁsi udwed'swlhzlatlmi m\a@aﬂoq BN) e 6o nffetcl Pog
m xture was s o] 0, t9 ur n 50 mM of ethyl
acetate was ZH&@?M £P'f}ﬁegt(é a%/\k; % W?J@F-{‘gﬁd brine and dried
wi t h anhydrous rmagnesium sul fate. After rermval of the solvent, the
resi due was r ¢001nddd vExample &t r aphenyl cycl opent adi enone (2 g, 5.2 ritnol)
in 50 mM of o-xylene overnight. After cooled down to roomtenperature, the
sol vent was r?ﬁ@y um and the residue was purified by

i I on ﬂ? e’t"hanolc'?gi i i

recrystalllza 3 tinesito offer 2.17 g (yield 81% of
pure 2-(2',3 51- | ) pheny1-5 bronopyridi ne (Conp

[ 00108] Exanpl e 4 0@ hesi s of =Sonpowmd 4 29 WO 2006
PCT/ SG2005/ 000065 T F o f \ f @ & N NaCH o- xyl ene -

[00110] To a sol th.yl )-USL bro
nmol )_ in thga dﬁ@ﬂﬂ)zm‘m%o%%ﬁ Na e
reaction mxture 1 hour roomt enperat ure. of

ethyl acetate was added, m xture was vvashed with water and bri and
dried with anhydrous mnmagng m sul fate. After renoval of the solve
resi due was refluxed wdth B (92%)

[00116] In an argon flushed two-neck round-bottom flask, a mixture of 1.60 g
(3.0 mmol) of Compound 3, 0.5 g (4 m;qgl) of pheunyl boronic acid, 36 mg (1 mol%)
of tetrakis(iriphenylphosphine)palladium(0), 15 ml of 2 M sodium carbenate and 30
ml of toluene was added and heated at reﬂux for two hours After cooling down, the
reaction mixtire was extracted wnh ethyl ﬂcetate and the organic phase was washed
with brine and dried over magnesium’ su]fate After the solvent was removed on a
rotary evaporator, the residue was. purified by {flash column eluted with
hexane/CHzCl; (3:1) followed by recrystalhzatlon in ethanol to provide 1.48 gof B
(vield 92%). !

[00117] Example 7
[00118]  Synthesis of C . 3
OH
Q O Q.Q .
7\ HpCe VCaHxs
Br =N Q Q pd(PPha)q/zMﬂézcogholume

3 . X C (34%)

Y
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cyclotone (2 g, 5.2 mol) in 50 mM of o-xylene overnight. After cool ed down
to room tenperature, the solvent was renoved. by flash colum and the

resi due waio 2pavioBiced by recrystallization in ethanol 2P8TiSiGres/h@edffer
2.00 g (yield 75% of pure Conpound 4 [00111] Exanple 5 1001121 Synthesis
of 2-(2',3,4,5 -tetraphenyl)pbenyl pyridine (A) \ / / THF/ MOHo CID S~ N
NaCOH - xyI cnc A(85 1 [00113] To a solution of 2-(trimethylsilyl)pyridine
(0.88 g, 5 MpdoM19p t N8 anfdrgédifieshed idbednbun®bbeioflasias abded of 160 gf NaOH

(5N). The reaction mxture was stirred faor hour omte rature.
m of ethyl a6t mmoleiCompprads tﬁél gr(‘i’fﬂrﬁ?éc’%m& @6{9%%ngﬁ?°rﬁ’??’ br| ne
and dried wit YETI08S BRY R HoR reBallif@irBeny Hosphidd)sullaa 19l bhe
sol vent, the BorBRe RO miER Y AR tctali Birens Bt 400, S 0065

tetr aphenyl cyM e@ema@r@n@n@nééognl of, tpluygnp Wes jaddsiorng hegted gt roflugfor two
overnight. Affer c%gh,gggx\@vi el 18 Hoh GHRARA L ErrabRE vl UBAlackiBS ahgMOVed

by flash col uith a pro uct was purified by recrystallization in
et hanol 2-3 t iteesgdnic pabewas weded with prist dmi%@%d @fer paguesium sulfate. After the

2-(2',3,4,5 [a hen yLidine 1&?8115]
Synt hesi s of ?lﬁi 38 ea%ngg%ﬁ%e% Y (t@éfﬁl;j?oi aé; E rm gco 2%

[ 00116] | n anefmutedoumitf hebaalne’d:}-tzma (Aa 1 Kolicowed dbybmttysiallizéticamsin, eﬂaawl ¢ prowidef 1. 60
g (3.0 nmmol) 0.5 g (4 mol) of phenyl boronic acid, 36 ng
(1 mol %9  of tlgtglgggrzg&ﬁqﬁqﬁ%@tyl ‘phosphi ne) pal | adi un{0), 15 m of 2 M sodium
carbonate and 30 m of toluene was added and heated at reflux for two

hours. After cooling down, the reaction mxture was extracted with et hyl
acetate and the organi c phase was washed

[00120] Example 8

[00121]  Synthesisof D

D (85%)

[00122] To a solition of 2-(tnmeﬂ1ylsxlyl)pyndme (088 g, S mmol) in the
mixture of THF and :methanol was added 1 ml of NaOH (SN) The reaction mixture
was stitred for 1 hour at ro0m temperature -Then 50 m] of ethyl acetate was added, the
mixture was washed with water and brine and dried with anhydrous magnesium
sulfate. After the removal of the solvent, the residue was refluxed with cyclotone (2 g,
5.2 mmol) in 50 ml of o-xylene overnight. After cooled down to room temperature,
the solvent was removed by flash column and the residue was purified by

recrystallization in ethanol 2-3 times to offer 1.95 g (yield 85%) of D.

[00123] Example9
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with brine and dried over magnesium sulfate. After the solvent was renoved
on a rotary evaporator, the residue was purified by flash colum el uted

wi th hexsoeberdssicd (3:1) followed by recrystallizati onPCm/SeRonsnmodoss o
provide 1.48 g of B (yield 92% . [00117] Exanple 7 [00118] Synthesis of C
\'/ \/ \ H3C4 CR13 Br --N- - Pd(PPh3)4/2WNa2C3fWucU 3 C (FA% 31 WO
2006/ 093466 PCT/ SG2005/ 000065 00119] In an argon flushed two-neck

round- bot t om fIP8t%4]1 a BysthepsofdE 1.60 g (3.0 mol) of Conpound 3, 1.51 g
(4 mmol) of conpound | hexyl)-fluorenyl boronic acid, L

mol %9 of tetrakis(trd )sphi ne)pal l a. di urn(0), 15 m of.
carbonate and 30 n was ad nsfﬁ’eat ed at
hours. After cool iA @- acti XCype was g
acetate and tHe<dr gh S ' =N €
magnesi um sul f at e =4 3 3
the residue was purified b ash colum eluted with hexane/ CHZCI 2
foll owed by recrystallizatjH in ethanol to provide 1.99 g of C (
84% . 0 [00120] Exanple 8 121] Synthesis of I) - e~ THF/EJ\@%—i 0
NaOH (r)-xylene .N 1 D (85% [00122] To a solution of
2-(trimethylsilyl)pyridine (0.88 g, 5 rnnmol) in the mxture of THE and
met hanol was, [ogrzHd Imaéoﬂ%d@mneCQMEﬂﬁﬁém%@a&% offegp stirred
for 1 hour at roomtenﬁg of ethyl acetate was added, the
m xture was wasAEHOH P %P@Pdénﬁﬂﬁr(ﬁﬁén@hEfﬂcﬂgd?%m%a%ﬁﬁdﬁ&ﬂsn%nes| um
of tetrakis(triphenylphosphine)palladium(0), 15 ml of 2 M sodium carbonate and 30
ml of toluene was added and heated at reflux for two hours. After cooling down, the
reaction mixture was exiracted with ethyl acetate and the organic phase was washed
with brine and dried over magnesium sulfate. After the solvent was removed on a
‘rotary evaporator, the residue was purified by flash column eluted with '

hexane/CH,ClL; (3:1) followed by recrystallization in ethanol to provide 1.43 g of E
(vield 92%).

[00126] Example 10

[00127]  Synthesis of F L

Hp” ~CeHp

PA(PEhs)e2M NaCO4ftolucne

R
f

F(85%)

[00128] In an argon flushed two-neck round-bottom flask, a mixture of 1.60 g
(3.0 mmol) of Compound 4, 1.51 g (4 mmol) of 2-(9,9-dihexyl)-fluorenyl boromnic
acid, 36 mg (1 mol%) of te’n:alns(tnphenylphosplune)pa]]admm(ﬂ), 15mlof 2 M
sodium carbonate and 30 m! of toluene was added and heated at reflux for two hours.
After cooling down, the reactlon m;x‘cure was extracted with ethyl acetate and the
organic phase was washed with brine and dried over magnesium sulfate. After the

solvent was removed on a rotary evaporator, the residue was purified by flash colurmn
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sulfate. After the renoval of the solvent, the residue was refluxed with
cyclotone (2 g, 5.2 mol) in 50 m of o-xylene overnight After cool ed down
t o room twopessadsee, the sol vent was renoved by fl ash PcolsGaonsanaes he
residue was purified by recrystallization in ethanol 2-3 tines to offer
1.95 g (yield 85% of D. [00123] Exanple 9 32 WO 2006/ 093466

PCT/ SG2005/ 000065 [00124] ~Synthesis of E /014 \ ~ oH Br N Pd(PPh3)4/2M
Na2CCB1t ol uenestutbdl with Hexbne(@2,(10 0% Pfollbwed iy acqgpstaliitaiohdd ethano! rie gikovide

round- bottom f] ask ] eof 1.60 g (3.0 mol) of Compound 4, 0.5 g (4
mmol ) of pheny%'@BBfE?V@éz{,s%‘, 36 ng (1 mol % of

tetraki s(tri phenyl phosphi D)e)pal | adi um(0), 15 m of 2 M sodi um carbonate
and 30 nl of [ooh2ghe Bxamplddeéd and heated at reflex for two hours. After
-cooling down, the reaction mxture was extracted with ethyl acetate and

the organic pt@ﬁ?séﬁs \gasttﬂgsgsqof\g%hgﬂqu% ne and dried over magnesi um sul fate.

Ammer the sol S renove rcf"tary evaporator, the residue was
purified by flash colum eluted with hexane/CHd 2 (3.1) followed bé
recrystal | i zatjoén3th efhddail afc mixtwiedef Zethaxygihgnolmand yatar :0204 2 (BB 26]

EN)z;ggl?,/e t é?ue%%ﬁzﬁﬁ]ﬂw %’IE% O%Z I{gh%sﬁgﬁ’(o%/@ efég%cidgg] ﬁ%g%agkg% Pashed

t wo- neck r oundreflokddo ovdrhights , Than ntha trixtre fwas, 8lratpd whe cavled Ydowt ©ompound 4,

o1 el o oo h ot SR Py B K0 g o bt o'

compound A were obtained afier dried ugder vacuum (yield 78%).
[00132] Example 12
[00133]  Synthesis of B,rCLIB;

[00134]  In 30 ml of a mixtare of 2-ethoxyethanol and water (3:1), 0.2 g (0.57
mmol) IrClz-uH;0 and 0.77 g (1.45 mmol) B were added. The reaction mixture was
refluxed overnight. The mixture was ﬁltrated when cooled down to room lemperature
and washed with water and ethanol. 0.50 g orange powder of bridge compound B
were obtained after dried under vacuum (yield 68%).

_[00135]  Example 13
[00136]  Symthesis of CIECLIC, .

[00137]  In 30 ml of a mixture of F-ethoxyethanol and water (3:1), 0.2 g (0.57
mmol) IrCls-nH,0 and 1.15 g (1.45 ];].‘lIiol) C were added. The reaction systerm was
refluxed overnight. Then the rmxture ‘was filirated when cooled down to room
temperature and washed with watéf”z'md.vetha.nol. 0.73 g orange solid of bridge
compound C were obtained after dried-undér vacoum (yield 71%).

[00138]  Example 14
[00139]  Synthesis of DICLED, - -

[00140] In30miofa mixture of dZ-ethoxyethano] and water (3:1), 0.2 g (0.57
mmol) IrCl;-ni0 and 0.67 g (1 .45:MO1) D were added. The reaction system was
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sodi um car bonate and 30 ml of toluene was added and heated at reflex for
two hours. After cooling down, the reaction m xture was extracted with
et hyl acewveteocmgdsshe organi ¢ phase was washed with bripog/senehsdoecesi over
magnesi um sul fate. After the solvent was renoved on a rotary evaporator,
the residue was purified by flash colum 33 WD 2006/ 093466
PCT/ S&G2005/ 000065 el uted wth hexane/ CB2Cl2 (4:1) foll owed by
recrystalli zatrleﬂm;ddnoﬁ-lng]ﬁtol'rkkn the ouixtee vasOfilgratefl Wheny cedlel 865%41. o] BOHPI]
Exanpl e 11 [00130 nt hesi f A2l 1 C12] m.xt ure
of 2-ethoxyet Hﬁﬁ‘?B%’a%Ed W@‘% @é“%wafﬁr ?‘%%@Lg%lélnw fﬁﬁ”f?ﬁ&f%bgﬁﬁe 0. 67
g (1.45 nrnol)cofnpsan@Dassedbaifibe afi@altied amenvaciunndyiehb68%)ef | uxed over ni ght .
Then the m xture was fiItrated when cool ed down to room tenperature and
washed with d 0.51 g pale yellow solid of bridge conpound
A were obtai ﬁ%‘a&ﬁﬂ E’:t?‘ L}Rder vacuum (yield 78% . [00132] Exanple 12
[00133] Synthesis of B2lrCl2lrB2 [00134]..;ln 30 m_of a m xture of

2- et hoxyet hanojo0442] waiSenthésss df)E-IfC1:2rEy (0 57 mmol) Ird3-nRRO and 0.77 ¢
(1.45 mol) B were added. The reaction m:xture was refluxed overnight. The

m xture was fi d e o) grgraéﬁgg n W th
wat er and eth hﬁa‘}’ﬁ Sé]ggg(rﬁa?ge ?t\%g]ottf]g& ge caglrda‘%)’%{%ﬁe 3 \qié?\rlg%dggfai ned
after dried urhdﬁ,rol)vlamguﬂh(omémd?%@% 45 hﬂmﬂBE)w&«ad@deMSrcammnﬂﬁm hesi s
of C2lrCl2lrC21 013 m .of _a, m xtur hax ter
(3:1), 0.2 g (68 %"f Hﬁ%f“)gﬂﬁz%g ThE RGeS @haie{izwﬁél MF‘; wer ep%

The reaction syspedtirasnd rv@‘shamadﬂ:\omremaghtathaﬁhbm $he miangausalid whdridge
filtrated when cool ed._down ta r ature nd shed with water -and
. ethanol . 0. 7@"&"’8?&#@%”%%1?%6‘8?1;% gﬁ“ 353%3"12?51 @A@ere obt ai ned

afterdri edi under vacuum (yield 71% . [00138] Exanple 14 [00139] Synthesis

of D2l rC12l rD2[Dp044]40] Exkample 161 of a m xture of 2-ethoxyethanol and water
(3:1), 0.2 g (0.57

[0 01 45] Synthesis of lel'Clle‘Fz

[00146] In 30 ml of a mixture of Z-ethoxyethanol and water (3:1), 0.2 g (0.57
mmol) IrClynH,0 and 1.15 g (1 45 mmol) F were added. The reaction system was
refluxed overmight' Then the mixturé was filtrated when cooled down to room
temperature and washed with watér and ethancl. 0.77 g orenge solid of bridge

compound F were obtained after dried :m_dm--vacuum (yield 75%).
[00147] Example 17
[00148]  Synthesis of Azlr(acac) .

[00149] In ap argon ﬂushed‘mdinéék round-bottom flask, a mixture of 0.23 g
(0.1 mmol) of bridge compound A. 01 g (1 mmol) of 2,4-pentanedione in 1 ml
ethanol, 0.5 ml tetramethylammomumﬁydroxxde (25% in methanol), and 30 ml of
CH,Cl, was added and heated at reﬂux for 5 hours. After cooling down, the reaction
mixture was washed with brine and dried over magnesium sulfate. After the solvent
was removed on a rotary evaporator, the residue was purified by recrystallization in

heptane 1o provide 190 mg of Ajlr(acac) (vield 79%).

[00150] Example 18- T Lot
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mmol ) 1rC1l3-nH20O and 0.67 g (1.45 mrnol) D were added. The reaction system
was 34 WD 2006/ 093466 PCT/ SG005/ 000065 refluxed overnight. Then the

m xt ure wae 2hédsabed when cool ed down to room tenperatrarscand/mm@shed with
wat er and ethanol. 0.44 g pale yellow solid of bridge conpound D were

obt ai ned after dried under vacuum (yield 68% . [00141] Exanple 15 [00142]
Synthesis of E2IrCl2IrE2 [[06143] In 30 mM of a m xture of, 2- et hoxyet hanol

and water (3: 11001(\},1 gs(ygﬂ,‘ézlsoﬁgy}@ca!cj Cl~ nH2O and 0.77 g (1.45 mmol ) E
wer e added. The reactl on system was refl uxed overnight. Then the m xture

was filtrated when cool ed down ure washed with

wat er . . and et hER#52] 0. 3p & %E%Hw I“i"?fn?ﬁ ng‘l“f‘%%@m’& FrgPRuRef D¢ ai ned
after dried un iﬂﬁ& I 0 £ndifadBfbh

Synthesis of F 121?%?%%?5%?5%#@E Oh Qj(ﬂ%%ggta(ﬁf?e gf 2- et hgghelt r%nol

and wat ér (3: 1§=tha:®120§ Wbiweﬁbﬁbﬂyﬂqm@ﬂa’ﬂ#m &gt in wsthgnql). 279 lyofF
wer e added. Th%&ﬁ%& @%e%ydaﬁntd%%éﬁ%t it ey %ﬁéfqm Js%al tife, egaes ure
own wa

was filtrated i >cool to room tenperature an shed W t ter
and et hanol - Omiftug veasamgbed vlithdbrwt abd ddek over ongapesivin Fulfase.cA it the nelstewtf t er

w211 (acac) [ ootdojeatoSit ik IRt ]'th'é"ré‘%% e ot ey g B

m xture of O. ZBe;gane(t@pfbwmdeymg‘oﬂBzh@ac)c(m&hbﬂ%D A'"6-4 g (1 mol) of

2, 4- pent anedi one in 1 m ethanol, 0.5 m: tetranmethylamoniiii 'droxide
(25% i n net han E}g\%@ {g CH2C12 was added and heated at reflux for
5 hours. After coo he reaction mxture was washed wi th brine

and dri ed over %ne3| um sul fate. After_ the solvent was renoved on a
rotary evapor aft154] he Syeticsisof Gdt(agral i fied by recrystallization in
heptane to provide 190 ng :'of AZIr(acac). (yield 79%. [00150] Exanple 18

35 WO 2006/ 093%5??“ %Q%Q%é&pﬂ%éd two-neck round-bottom flask, a mixture of 0.36 g
(0.1 mmol) of bridge compound C, 0.1 g (1 mmol) of 2,4-pentanedione in 1 ml
ethanol, 0.5 mi tetrameﬂlyla.mmommhydroxld (25% in methanol), and 30 ml of
CH,Cl; was added and heated at reflux for 5 hours. Afier cooling down, the reaction
mixture was washed with brine and dncd over magnesium sulfate. After the solvent
was removed on a rotary evaporator the resmlue was purified by recrystallization in
heptane to provide 274 mg of Calx(acac) (yz;ld 73%).

[00156] Example20 =~ TR
[00157]  Synthesis of Dzlr(acac)

[00158] In an argon flushed two—neck round-bottom flask, a mixture of 0.23 g
(0.1 mmol) of bridge compound A, Of,.-;l, g (1 mmol) of 2,4-pentanedione in 1 ml
ethanol, 0.5 ml tetramethylammoniumhydroxide (25% in methanol), and 30 ml of
CH,Cl; was added and heated at reﬂgx for 5 hours. After cooling down, the reaction
mixture was washed with brine and diied over magnesium sulfate. After the solvent
was rernoved on a rotary evaporator, the residue was purified by recrystallization in
heptane to provide 158 mg of DsIr(acac) (vield 66%).

[00158]  Example 21

[00160]  Synthesis of Exlr(acac) -, ..



[ 00151] Synthesis of B2lr(acac) [00152] In an argon flushed two-neck
round-bottom flask, a mxture of 0.26 g (0.1 mnol) of bridge conpound B,
0.1 g (1 wonodeoIsfe62, 4- pent anedione in 1 m  ethanol, OPETI®IG2005/000065

t et r =et hyl amoni unbydr oxi de (25% in methanol), and 30 ml of CH2CJ2 was
added and heated at reflux for 5 hours. After cooling down, the reaction
m xt-ure was washed with bri-ne and dried over nmagnesium sulfate. After the
solvent was [EMBA3d Oh @& drgbmfysiedapertiofamdhensnsidies vasuRust 6.2€¢ by

tall t i t 192 ld 71 ¢
[60153] ° Exanp & Tomp ot o8 sarmelid B IcE (f cHRa) of soesapadeosiing g |~
L I ughed t wo- n%%lﬁlgloﬁﬁdmp@éﬂaﬁia}fylﬁﬁﬁwm&nm&féﬁﬂﬁ(ﬁ% G %ﬁ:ﬂiﬁnol@ Oandlamlaf of
ri dge conpoun

nmol ) of 2,4 pent anedione in 1 ntl et hanol ,
0.5 n tetr anﬁh?izmﬁﬁmﬁé%dcﬁt rthu oy h@trﬁa%w)coolawdw e TACHOnHD C1 2
was added andHealLgtadvadhed k»t;aa ﬁrﬁ{e aad il %ver%sg%sxmoéusﬂﬂ AfWNhe SO cnt

reaction m xture was washed with brine and dri'ed over magnesi um sul T ate.
After the sol wanremaeued qneenwwén ewoaatmfﬂmys@mw@% pyréed byt weerystallizetins inas

purified by r OVI de 274 ng of C2lr(acae)
(yield 73% . F%&?Hug 29%&?%%% S)I s of D2lr(acac) ,, [00158]
In an argon flushed two’ neck round- bottomflask -a mxture of 0.23 g (0.1
mmol ) of bri dfOE@dpouFkempl¢22 mm ol ) - of . 2, 4-pentanedione in 1 m ethanol,
0.5 m tetranet hhyl ammnoni wrhydr oxi dc (25%| n net hanol ), and 30 m of
CH2C12 was ad d heatiRds at FiiRbdady for 5 hours. After cooling down, the
reaction mx ure was washed with brl ne and dr| ed over magnesi um sul fate.

After the sol renoved on rot ar orator t he .resi due_was
purified by rﬁl’?’{&‘ﬂau 2% TP iﬂHs 8 gUrmdlaskea mixtre $524-7¢ &cac)

(yield 66% . [dpIa8b)Ef: eoaﬂn B&Ealﬁvo]o 1Sg'rql hesby &f 2 EPefieAGfmb in 1 MO
2006/ 093466 P /SCQO 5/0 00161 I n an_argon flushed two-neck

round- bot t om f¥haey, 0 Jergmetiyangpeuigmhydgoxids {54 in methangcandodhal s E,
0.1 g (1 nmol i:fgf::h?wéé a@@c’EH A RAR kT 7 5 hek %Qt?ér coQ}u%)HGwn the rezetion

tetrarn. et hyl ammoxi i umhydr oxi de (25% i n met hanol ),
mixture was washed with brine and dried over magnesmm sulfate. After the solvent

was removed on a rotary evaporator, the residue was punﬂed by recrystallization in
heptzane to provide 262 mg of F>Ir(acac) (yield 70%).

[00165]  Example 23 SRS

[00166]  Synthesis of 4,4-dj-tert-butylbiphenyl (5)

FeCls/CH,Cl, - 7

[00167] To a sfirred solution of biphenyl (15.4 g, 100 mmol) and anhydrous
ferric chbloride (80 mg) in dwhloromethane (100ml) at room temperatwre was added

5 (100%)

slowly tert-butyl chloride (23.2 ml 216 mmol) The reaction was stirred overnight.
The product was washed w1th water and extracted with hexane (100 ml) 3 times. The
combined organic phase was washed w1th brine, dried over anhydrous MgSO; and
concentrated in vacuo and gave 26.6 g of Compound 5 (yield 100%). 'H NMR (400
MHz, chloroform-d): 8, ppm 7.542 (d, 4H) 7.444 (d,4 H), 1.365 (s, 18 H).
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CH2CJ2 was added and heated at reflux for 5 hours. After cooling down, the
reaction mxture was washed with brine and dried over magnesi um sul fate.
After theweabasmsisowas renoved on a rotary evaporator, Phe/SGeaisdI@enas
purified by recrystallization in heptane to provide 220 ng of E2Ir (aca. c)
(yield 81 %9. [00162] Exanple 22 [001631 Synthesis of F2lr(acac) [00164] In
an argon flushed two neck -round bottom flask, a mxture of 0.36 g (0.1
mol ) of bridgeosegpourdatplef4l g (1 Mol ) of 2, 4-pentanedione in 1 m
ethanol, 0.5 m tetranethy annnnlunhydrOX|de (25@6|n met hanol ), and 30 ni

of CH2C12 wa eat rc hou fter cool i ng down,
the reaction S[Hsggﬁj \%ﬁ%‘g ‘ﬁg \‘RFPF]JJbL%ﬁ bb[’(l?n %ﬂ( magnesi um
sulfate. After the solvent was renoved on a rot ary evaporat OBr the residue
was purified by recr stalllzatlon in heptane to provide 262/ngy of

CI3TCFRZUrZ 83X 1

1656CkAB31G13 and ahhydiot

chloride (80 ng) in d| chlgrorret hane (100n7|) at roomterrperatgrg)/gbas added
slowy tert-butyl chloride (23.2 m,' 1.6 mnol). The reaction was stirred
overnight. The product was washed vmth wat er and extracted with hexane

(100 ) 3 ¢ Topgdie 750N o b 0a0% i BROREMRANA S0 g3 ufiofyigng O o

over anhydrou concent fated 1 n
Conpound 5 (yiaahgdrbQd%ric bﬂibzﬂ&d{zoérﬁg) mMﬂmof@m (ﬂOmﬂbamQ waSﬁdcfwdrerpVﬁae (d,.

00681 a0 GvEo]: Siihidre! by HeRfs 8@’%33?9?{%%% i P
(6) Br Br2 FeftafighiCiR: reictioh ni¥re was quenched with sodium carbonate until the orange
color disappeared. Then washed with water and extracted with hexane (50 ml) 3
fimes. The combined organic phase was washed with brine, dried over anhydrous
MgSO, and concenmrated in vacuo. 'HNMR measurement indicated that the

conversion ratio is about 50%. The crude product was directly used for further

reaction.
[00171] Example 25

[00172]  Synthesis of 2-bromo-9-fluorenone (7)
L L ’ 0

<2 o <
O e RO
N(CH;)4OH/pyridine

7 (85%)

[00173]  To a solution of 2-broméfliiorene (9.8 g, 40 mmol) in pyridine (100 ml),
25% tetramethylammonium hydroxide in methanol (1 ml, ) was added at room
temperature. Then air was bubbled info' the system and kept the reaction stirring
overnight. Then H»SO; was added and 'ﬁlu'ated. The solid was recrystallized in
ethanol to give yellow needles 8.85 g (85%)

[00174]  Example 26

3



[00170] To a solution of 4,4'-di-tert-butyl bi phenyl (3.99 g, 15 nmol) and
anhydrous ferric chloride (20; ng), ion chloroform (3.0m) at 0 C was added
dr opwi se wbnomaes62. 4 g, 15 mmol) sol ved in chl orof or mCEAG2005)00008he
reaction was stirred overnight. The reaction m xture was quenched with
sodi um carbonate until the orange color disappeared. Then washed with
wat er. and extract ed with hexane (50 m) 3 tanes. The conbi ned organi C
phase : oads t ITyhihidiEof Mbioffh-QVPLiiaBRANHLDUS Centrat ed
in vacuo Wﬁ% rrea]émur er};gﬂr?t I ndi cat ed@t hat ?ﬁjeﬁq con?/eWon rat| s about
50% The crude product. was directly used or further reagtio L
Exanpl e 25 [00172] Sy, fhesis of 2-bronp: orenone (7)
1 01 7 3 os?)l utiemmaf Yhé
o0y, 25% tetr amet hyT anmoni um

(9.8 g, 40 3
in methanol (1 mM, ) s added at room tenperature. Then air

into' the systemand kept the reaction stirring overnight.
added, and fltrated. The solid was Tecrystallized in ethanol to[i i ve
yel | ow needl es 8.85 g (85% [001741 Exarrpl e 26 38 V\D 2006/ 0934663 4%

PCT/ SGZOOS{ 000065 [00176] Synt hesi s of 2-bromo-(2', di tent ;
To & bolution PTTRe cf Gasonod ol e il mliuclt %ﬂ%ﬂ@aﬁﬁ% PRy |
(3,06 g, 5 muPY6ig Santmpll i ashypks(BAF (ﬂﬂ)mi&auasm&dedi dmpwpmrsBuh Bukl, 75 n,
t7r Znsmlrzadl ?dﬂé @(%’Fh%}me ZfS?%,c;%ﬁ(r)grf‘ng’uor Futhe ﬁ‘@%?'i : he ! eﬁﬁémapﬁu’epw (20
m), at' -78 Cd@ebrempfineenonel.Bigghimmol) in THF. (20 ml) at -78 °C and stirred overnight.
Then the reaction was quenched with water and extracted with ethyl acetate (50 ml) 3
times. The organic layer was qoqzyined and washed with brine and dﬁed over
anhydrous MgSO, and concentrated in vacuo. The mixture was dissolved in glacial
acetic acid (15 ml) and refluxed, and then one drop of concentrated HCl was added,
refluxed 1h. Afier the reaction was cooled to room temperature, the precipitate was
filrated and washed with water. The mixwre of 2-bromo-~(2°,7 ~di~tert-butyl)-9,9°-’
spiro-bifluorene and 4,4’-di-tcrt-but}{1biphenyl was separated . by co]ﬁmn
chromatography (eluted with hexane) to provide solid product 1.37;0, (54%). "H NMR
(400 MHz, chloroform-d): 3, ppm 7.84 (&, 1 H), 7.742 (& 3 H), 7.5 (d, 1 H), 7.42 (m,
4 H), 7.14 (1, 1H), 6.87 (s, 1 H), 6.75 (d, 1 H), 6.65 (s, 2 H), 1.18 (s, 18 H).

[00177)  Example 27
[00178] Synthesis of 2—(4’-bromopﬁenyl)pyridine ©

N B NaNOZ/Hcr” A
2 g pyndme A\ 1\{ e Br

.‘Y«S’x

9 (38%)

[00179]  To a solution-of 4-bromoaniline (2-g, 32 mmol) in concentrated HC1 (4
ml) was added slowly the solution 6£NaNO; (1.66 g; 24 mmol) in H,0 (3 ml) at 0 °C.
The mixture was stirred 1 h at 0° C and was poured into pyridine (50 ml). The mixture
was stirred at 40 °C for 4 h and then sodium carbonate (20 g) was added and the slurry
was stirred overnight. Afier cooling té room temperature, the mixture was washed

1
. v
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Then the reaction was quenched with water and extracted with ethyl acetate
(50 M) 3 tines. The organic |ayer was. conbi ned and washed with brine and
dri ed ovewo 2a0umpses6us MgSO4 and concentrated in. vacuo. PCHSGI0§000065 WaS

di ssolved in glacial acetic acid (15 m) and refluxed, and then one drop
of concentrated HClL was added, refluxed |h. After the reaction was cool ed
to roomtenperature, the.precipitate was filtrated and washed with water.

The mi xture of; @5 dtrabted dith ethit svetayd. JFHR, &gamc $qyier wablcbhnbmeérmdand
4,4 -di -tert butyl bi phenyl was separ at

chr
(eluted with ms@ﬁ@ﬂn@nﬁrﬁadﬁa@d QYAr R EF‘IB‘&G&/S% agl'égme%e&%t ‘@fe‘{oo
MHz, chlorofo el difiyl a?:etZﬂaz héghne3= i1.0) fo Zivedprodudt) ,
7.42 (m 4I3§ hﬁ?nﬁp%ghﬁgml{eﬂ y , 6.75 (d, |1 Hg EglGSP(s 2 H),
1.18 (s, 18 H)lOag(HB%’)?] Exanpl e 27 [00178] Synt hesi s of
2-(4' -bronophenyl ) pyridine (9) NaN®I.HC™ HzN pyridine® \ Br N 9(38%
100179] To a WWOn@A Osgniline (29, 12 mol) in concentrated HCL (4
m) was added y the solution of NaNO2 (1.66 g; 24 mmmol) in HO (3 m)
at 0 C The m xture was stlrred 1 hat 'O C and Was poured into pyridine (50
m). The mi xt R¥8Nas Swiesisef compowte 0o 4 h and then -sodi um carbonat e
(20 g) was added and the slurry was stlrred\)\iﬁ ght. After cooling to

tzoom tenperature, the m xture vvas wash 2006/ 093466
PCT/ SG2005/ 000065 i wat er an acet g The
| ayer was comb{ned redr me—aml—drr’ed verya

vao After col um1 chromatogra (SI| 66 gel

and concentr at eg

acetate: hexane = 1: 10) to gi ve product” 1. 03g (38% [001%) 39§>§arrpl e 28
[00181] Synthesis of 9Conmpound 10 ~0o O CX BuLi 1 "110:

[00182] To a solution of 2-(4’-bromophenyl)pyridine (0468 g, 2 mmol).in
anhydrous THF (10 ml) was added dropwise n-BuLi (3 rol, 3.6 mmol) at -78°C. The
reaction was stired 1 h, then 2-iéoprbpoxy-4,4,5,S—tet:amethyl—l,3,2—dioxaborolane
(0.52 ml, 2.5 mmol) was added. The mixmre was stirred overnight. Then the reaction
was quenched with water and exn'acted mth dlchlororuethane (30 ml) 3 times. The
organic layer was washed with brine and dried over MgSO; and concenwated in
vacuo. After colwnn chromatography (s:]_lca gel, ethyl acetate: hexane = 1: 20) to give
product 0.22 g (39%). '

[00183]  Example 29

[00184]  Synthesisof G
"Q Yo Ret s L
sSas GO0

B 10 G (64%)

[00185] A mixnue of 2~bro::n'o-(2’=,j7°-di-tert-bu13rl)-9,9’-spiro—biﬂuorene (035 g,
0.7 mmol), compound - © =+ 10. (0.22g, 0.78 mimol),
tetrakis(triphenylphosphine)palladium(0) - (0.036. g, 0.03 mmol), agueous sodium
carbonate (2 M, 0.5 ml), ethanol (0.5 ml); toluene (4 1nl) was deoxygenated and then
heated to reflux under nitrogen, shmng overnight. After cooling to room temperature,
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N9 10 (39% [00182] To a solution of 2-(4'-bronophenyl)pyridixne (0.468 g,
2 mol). in anhydrous THE (10 m) was added drop wise n 13uLi (3 m, 3.6
nmol ) at woMe/0bbuse reaction was gtured | h, then PCT/SG2005/000065

2-1 sopropoxy-4,4,5, 5-totanet hyl-1,,.3.,2-di oxaborolane (0.52 m, 2.5
nrnol) was added. The m xture was stirred overnight. Then the reaction was
quenched with water and ekt--acted with dichloronethane (30 mM) 3 tines. The
organi c | ayer pesmivashes wished Kith RRter aamdx@uctdadwﬂ/emyll\@:é‘:@é @0anIy 9mERA} r at ed
in vacuo. After colum_ chromat ograph é5| lica.qgel, hyI acet at hexane =
1; 20) to gi véfhepP‘é&ﬁE’é’t Ryep vy gy ¥‘F Wik brizies ¢ “fé oygoMES ?’ At hesi s
of G rd(PP}, J )¢ %r%‘é% VAﬁér cmhm%&izégr%hy{@m@g& ﬂh}‘l‘a?ééth'téeue&ﬁne
2-brono-(2; 7 tert ut 0- bi fl'uor ene ( 1),
2 L e o S cen(ss TRV (A0 Sitcfoom o 3, rom 87 (o 1

(21 B5(X 1L PhETMBPIRERYS 98 pabd AN Phed 3 9 ssRaOPmTTI g Sabopus a0t v
deoxygenat ed anH),7Ha(t, 1HERT 4 (0 THEHI 124 (dLrBdE} lri|7t(s,d@éﬂ stirring overni ght
fa;]t er c;)ol ing to ro?]mdt enper at;Jr e, '30 V\f) 20?6{109'3t4ﬁ6 FET{ SGZOtOS{ 00?285m )
e mxture e er and extracted with. ethyl acetate
3 tinmes. The Pg Fayer %s then washed with brine and dried over MgSO4
and concentrated |n vacuo. After colunti chrorrat ography (silica gel, ethyl
acet ate: hexarl@01&7]1; §}'ﬂtl1€ﬁlﬁﬂf\p@h@2@Gz6g (64% . 'H NVR (400 MHz,
chloroform-d): 5, ppm38.7 (s, 1 14), 7.966 (t, 3 H, 7.92 (d, | H, 7.762
70ad (5 10 81T, (4 mgehs e Gad gvf‘*zﬁﬁb o) ﬂ%%e‘%ﬁzwéﬁgﬁz%i"%m?éawn
Synt hesi s of MF!O@S m@ia 2-piigrdgthonal r@éeﬁmﬂé s deopgeepigd gind ther heatesd §o
IrQ 3-nH20 (0. ﬁ&x ;Qngudrgzﬁ'fém 24 WA&& dobiing W Yoort 1ipRPNYE B M wids S M)

was deoxygenate eat ed
filrated and washed with meLhano] to give 0.71 g of product (73%).

[00189]  Example 31
[00190]  Symthesis of Golr(acac).

[00191] A mixture of chloﬁéie chmer (0 100 g, 0.036 mmol), 2,4-pentanedione
(50 mg, 0.5 mmol), ethanol (O 1 ml), dxchlorome‘rhanc (3 ml) aud 25% of
tetramethylarnmonium hydroxlde in methanol (0.05 ml) was deoxygenated and then
heated to reflux under nittogen for PH, After cooling to room temperature, the
mixture was evaporated in vacuo. -After the solvent was removed om a fotary
evaporator, the residue was purified by recrystallization in heptane to provide 73 mg
of Golr(acac) (vield 70%). |

[00192] Example 32

Vo

[00193]  Preparation of electroluminescent device from Aslr(acac)

[00194] A first layer of poly(3 JA-cthylenedioxythiophene) doped with
poly(styrenesulfonic acid) (PEDOT PSS) was spin-coated on a glass substrate with
patterned ITO to form a hole injection layer with a thickness of about 50 nm. After
dried in an oven at 120 °C for 5 min, solution containiug 4 ml toluene, 40 mg PVK, 15
mg PBD, and 3.3 mg Ajlr(acac) was sﬁin—coated onto the first layer to form an

U
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reflux under nitrogen for 24 h. After cooling to roomtenperature, the

m xture was filtrated and washed with nethanol to give 0.71 g of product
(73% . [ O90208)¢/@346pl € 31 [ 00190] Synthesis of Cr2lr(acacx/SGkaBnddps A

m xture of chloride dirner (0.100 g, 0.036 muol ), 2, 4-pentanedione (50 nyg,
0.5 muvol), ethanol. (0 1 m), "dichloronethafie (3 nil) and 25% of

t et rar net hyl ammoni um hydrexi.de in , nethanol (0.05 nml) was deoxygenated and

then heated tﬂgﬁcﬁ{%@&%&%mf&%@%&m%mﬁ o%ftg@ﬁ%gtagﬂr Ty \ i.’?g}}h%?@CP,

tenperature, t ure was evaporated in vacu sol vent Was
removed on a r3t amyof dlapdfaten of MeAgesnd i wasofpAriwéredhermplly deposited

recrystallizat] e L den-4 I . peld .709% .
[00102] Exanpl SR D PR ekl R b R Bo e Blea, Ao Bl VD )
A2|r(acac) [O00d9dhediwhs exsmiherimrairo Thp dkightBest-cat mydcke @ oot lat B3P Fearel) theloped
with poly(st)renesuifoni, Cfflia’Cic )i %QEQ%F PS'S) was spin-coated on a gl ass
substrate wit h*Batterned TTO1g f 6rm “hole'injection layer with a thick
ess of about 50 nm After dried in an oven at 120 C for 5 nmn, solution
contain 4 nm t[90desE, HBxamplePdK, 15 “ng PBI), and 3.3 .ng A2lr(acac) was
spin-coated onto the first layer to forman 41 W 2006/ 093466

PCT/ S&005/ 000 m &t | ' t hi f 70 nm On the
pol ymer | ayer, R]?igﬁﬁ] o?}%%%?oﬂégéﬁe#%‘pnﬁfégcg%f#%g %&8’0%%‘%}, and 10 nm of
Ag were Thermal ly deposited sequentially under vacuumof 3 x 10-4 Pa. The

organi c el ect ri®0dBThesdenfirdeayse obbtneliidd-sHydenesionythiophing) aidppedTheith
bri ght ness ca ., cd/ & 0%]0? : 3 i r .
ef ficiency i sn%fg.] cfgzlﬂ%a%léﬁj%ggnp 'eé%g‘g%o%éﬁgﬁd@&%%%gﬁgo e with
ei ect r ol wni nespastamed dTOde fomp mhplel injeater Jayp0wity 2|thiskidess of alicay 6P ot Afier

ol y(3, 4- et hyl j ' d Wit S | fsQni Ci
(PEDOT: Pog) et ip Al Secl 88 hor SERG sobrloh coB okt 41 SOGB4 FYR O )
form a hol e i ningdBlanadday.drmgi Bir(zathivek spisscoated aipmutheSirst layer A f@ra adr i ed

P 15y peptisgd et fpal iR 8 0 B bCutn T [ BT el

to form an 20 nm of Algs, 150 pm of Mg:Ag, and 10 nm of Ag were thermally deposited

sequentially under vacuum of 3 x ;,,OTT‘APQ. The orgamic electroluminescent device
obtained was examined in air. The brightness can reach 50866 cd/m? at 20 V and the

maximum current efficiency is 34 cd/A.

N

[00198]  Preparation of electroluminescent device from Cylr(acac)

[00200] A first layer of pbly,(B,#ethylénedioxytbjophene) doped with
poly(styrenesulfonic acid) (PEDOT:PSS) was spin-coated on a glass substrate with
patterned ITO to form 2 hole injection layer with a thickness of sbout 50 nm. After
dried in an oven at 120 °C for 5 mine.;s;pl,‘x;xﬁgﬁ containing 4 ml toluene, 40 mg PVK, 15
mg PBD, and 3.3 mg Clr(acac) v'x"‘aAs;“sﬁpjn-coatetiiA onto, the first layer 1o form an
emitting layer with a thickness of abd'qt'7 0 nm. On the polymer layer, 12 om of BCP,
20 nm of Algs, 150 sm of Mg:Ag, and 10 nm of Ag were thermally deposited
sequentially under vacuum of 3 x 104 Pa. The organic electroluminescent device
obtained was examined in air. The bﬁghtuess can reach 30543 cd/m® at 20 V and the |

maximum cutrrent efficiency is 51 cd/A.
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emtting layer with a thickness of about 70 nm On the polyner |ayer, 12 nm
of BCP220 nm of Alga, 150 n mof Mj:Ag, and 10 nmof Ag were thermally
deposi t edwogegumsatsbal | y under vacuum of 3 x , 1, 0T Pa. TRET®GZENF000065

el ectrol um nescent device obtained was examined in air. The brightness can
reach 50866 cd/n2 at 20 V and the maxinmumcurrent efficiency is 34 cd/ A
[00198] Exanple 34 [00199]..Preparation of electrolutninescent device from
C2Ir(acac) . [ 0080011 A fExasblel3gyer of poly, (3, 4-ethyl enedi oxyt hi ophene) doped
with pol y(styrenesul fonic acid) (PEDOT_PSS) Was spin-coated on a gl ass

Substrate with terned 1.TO | e i r W|tha
t hi ckness of @Bgﬁﬁ 50 PETRATERPR 8’5 geﬁﬁoﬁlg‘ame%g%tnd Elél\géeﬁsgtﬁz%é%f %@ ' 5
mn,.,salution containing 4 m toluene, 40 ng PVK115 PBD and

gy
C21r (acac) WeB02p3]- cont ddstotiyer toffie pbly(%,ﬂ-eﬂ@%pdmwﬂﬂlophﬁnéh denet t‘i"ﬁ@ | ayer
with a thickness of abqut70 n e 20 am
of Alga, 150 PRYERIRgsHEpe “éfﬁ]aﬁ?%&’t%% g vver rél%msgéasposp?ﬂe
sequential ly wﬂg{ed\mgwérfoﬂﬁ adolke mjlaemﬁalayimmaghnhmsebéchqubﬁ@mmnéé?Mnt
devi ce obtained was exam _ned_in alr he bri ght nezg %&&Ie re,&;;gl ggg.g cd/ xu2
at 20 V and tdred iparonematdal refrr S e‘P‘F‘ri‘I gmé‘lg ) Rlueps 0% 33466
PCT/ SG2005/ 00 g%Dl 0928 X BITRb&CP Nk Jﬁ&%}m&rmm fio Jayfer to form an

| ectrol t d f D21 0
oLy (3, 4 al hytiges xS WAL ERRSS= s et (D EF: Coby PP iRYEL T o ok B o

( PEDOT: PSS) Was 5P p jﬁﬁ,gtg@ 2 & MbASS HHbEE ht 6F Wit Were PRI aldpdsiedt o
forma hole |nje iron [fayer wth a thi c_gness of abput. 50 .nm fteci? dried

in an oven atseipenti@lly omdsr yachumsef Hit5 b E8ndBs ﬁfg?61°4el?ﬁ“°g‘@f“ﬂ§ﬁ? %y PVK,
1o M9 PED. alaed ol RehibtAGAR). ﬂ@%ri%ﬁh@ss%ﬁtr@éih@ﬂvw ct/f o Do St adter to

forman enit? ng layer wt i ckness of about 70 nm On the pol yner

| ayer, 12 nm mixiBOEy curgdit pfiviensy 8Rgcd/A50 nm of My: Ag, and 10 - nm of Ag

were thermal ly dep05| ted sequentially under vacuumof 3 x | 04, Pa. The

organic el ectL 1dyvi ce obtained was exam ned in air- The

bri ght ness cah rea h 177 ed/nz at 20 "i ‘and the maxi mum current efficiency

is 2.7 cd/A [00204] Exanpl e 3?{ ?1 Pre rat |§n gfmel ejztrol-um' nescent
ectro. oI Bl acac

device from E 53 aC)Prepamnon nescen device

[00206] A first layer of poly(3,4-ethylenedioxythiophene) doped ‘with
poly(styrenesulfonic acid) (PEDOT:PSS) was spin-coated on & glass' substrate with
patterned ITO to form a hole mjecuon layer with a thickness of about 50 nm. Afier
dried in an oven at 120 °C for 5 min, solnuon containing 4 ml toluene, 40 mg PVK, 15
mg PBD, and 3.3 mg Eplr(acac) was spm—coated onto the first layer to form an
emitting layer with a thickness of about 7 0 nm. On the polymer layer, 12 nm of BCP,
20 nm of Algs, 150 nm of Mg Ag, and 10 pm of Ag were thermally deposited
sequentially under vacuum of 3 x 10'4 Pa The orgamc electroluminescent device
obtained was examined in air, The bnghmess can reach 6177 cd/m” at 20 V and the

rnaximum currerit efﬁmency is3.1 cql/A
[00207]  Example 37
[00208]  Preparation of electroluminescent device from F-Ir(acac)

[00209] A first layer of poly(3,4-ethylenedioxythiophene) doped with
poly(styrenesulfonic acid) (PEDOT:PSS) was spin-coated on a glass substrate with
patterned ITO to form a hole injection layer with a thickness of about 50 nm. After
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[ 00206] A first layer of poly(3,4-ethylenedi oxythi ophen.e) doped with

pol y(styrenesul fonic acid) (PEDOT: PSS) was spin-coated on a gl ass'

subst r at ewai2006/09pswbt erned | TO to form a hol e injection, PCRSE200581006065

t hi ckness of about 50 nm After dried in an oven at 120 C for 5 mn,
solution containing 4 mM toluene, 40 ng PVK, 15 ng PBD, and 3.3 ny
E2lr{acac) was. spin-coated-onto the first layer to forman emtting |ayer
with a thi cknegtddh anboeiat TE0 162 for S(Bnintmtimlcymminiﬂgagamltombﬁe Afnmgf PBEP]S 20

nm of Al ga, 150 of LA 1Q mm of. A re t dep sited
sequential |y Jﬁa% ﬁ’tﬂ:/g?dﬁg:faﬁ'?aﬁ% wﬁ%‘“’“fﬁ%“%@ﬁt?@] [ ‘3I ‘L? A Ent
devi ce obtai r@ﬂnﬂ@ﬁaﬁf&ﬁi}tmeﬂxckﬁbsabfahoufhﬁ!nﬁr Og hite salymaniayesaQhmn 37 BCPd/ n2
at 20 V and the maxwmmcg(ﬁrent %Gflmené i s 5f cSl /A ?éO? E% npl e
37 100208] Pretar® Portits 12} am Pf i R ATCRE fY St h AR5 0209]

A first layer Qbnd@hNy 3InderSiabitengd exwttr@men@r)gmdemuwnthescem device

pol y(styrenesul fonic acid) (PEDOT:PSS) was spin-coat ed ]q) ass substrate

with patterneebtaingg was egimicd 1%6Fem??fr§'@fqeésn°apé%}1 WPt F| Nedd the

about 50 an. %%umégrex@ﬂgg%qga@@@fcw SG2005/ 000065 dr| ed in an oven
at 120 C for 5 mn, solution containing 4 nil toluene, 40 ng PVK, 15 ny

PBD, and 3.3 F21r(acac) was spi na-coated onto the first layer to form an
emtting |ayer 18} 2 EspERiRéSs of about 70 nm On the pol ymer layer, 12 MJ
of BCP, .20 run of Alga, 150 nmof Mj:Ag, and 10 rimof Ag were thermally

deposited seqoeRifp! | Prépadtion vPeelthehindsc¥m WodicPtom G (agani ¢
el ectrol um nescent device obtained was examned in air. The brightness can

reach 5697 ed/ 19. 5.V d the ci.en i,s 4.8
cd/ A [00210] @éﬂ%“e 38 thbz pzﬂ"@ﬁ%nh‘gf ?8’6’(@ fEF é’%’éﬁt Wi ce
from QI r( acaclac,&@@;’ehzgtﬂfemaarcﬁm (PEpelT PHS) P0isyspin-doatidnyn e@ds em;gtrhueo\piﬁene)
Gl hos Subst r acReER TP SR Bl ReieFen 57 with s RUokire oF RO §098r ATFEn
th: ckness of a&eutmagommt 1.’|ﬂf‘t®forSQﬁJh,eﬁlﬁlg{/bﬁ%BTgiﬁﬁig@il%ﬂsmn@m%gﬁVmI'S,
sol ution contain ol ue
@1r (acac) wadedy é‘g}a? édn%r\:?zg‘ G3xe T”é%tsl”lﬂafﬁé‘fed t°g‘?q‘ g'fen;ﬁ%?ay%’nﬂ f‘;%ga’l' ayer
with a thicknegsmpisl %ﬂlEthEldnesQGf hift PO hyBh tﬁ@%ﬁf/merllaydﬁ NG BEBZ20 nm
of Al ga, 150 rlmofg and 10 run of "Ag were ther mal ﬂ;]/ a'?OSIted

_ 0 nm of 150 nm of Mg:Ag, .';md 0 nm of Ag were thermally deposited

sequentially under vacwum of 3 x 1,0'4 JPa The orgenic electroluminescent device

obiained was examined in air, The brig}ttness can reach 20620 cd/m? at 20 V and the

maximurm current efficiency is 12 cd/A.



sequentially under vacuumof 3 x 1(r)4 ,Pa The organi c el ectrol um nescent
ned was examned in air. The brightness can reach 20620 cd/ n

devi ce obtai

at 20 V awo 200v093468xi mum current efficiency is 12
PCT/ SG2005/ 000065 WHAT IS CLAIMED I'S: 1. An organonetal |ic conmpound of
R RBRL RAfM _(L)y LRSS ~-Nx R6 RSR7 (1) wherein;
net al havi ng -a-coordi nati on nunber z, wherein z/ 6 or 4; R

formula (1):
i s a d-block

Rs are independently H,£ halo, optionally substituted alkyl, optionally

substituted aWKHAﬂHS(Hyﬂmﬂﬁaﬂ$y substituted al kynyl,

het er oal kyl ,
het er oal kynyl ,

het eroaryl, am no, ani hdo carboxy, forrnyl, sulfo, sulfno, th-oam do,
hydr oxy, hal o or cyano,
together with thggcarhg

i f any one of
Rs is none of
Spiro group;
(z-2x)/12_ 2.
R$ conpri ses
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optionally substituted

optionall H@gﬂ kenyl, optionally substituted
1. ‘é‘? %et%hl é&% tJggary ‘optionally substituted

2and two or nore of R, to RB may forma ring

tho
at least one of R to Its conprises a
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b
o

atrys to which they are attached, provided that
none of R5 to REis H or if any one of R5 to

x|i Bg is aneutral or anionic ligand; andy is
The organg eo(tppund of claim 1l wherein none of R to
a «

wherein:

M is a d-block metal having a qoordinaﬁon number z, wherein z= 6 or 4;

R; to Rg are independently H, halo, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl, optionally substituted heteroalkyl,
optionally substituted heteroalkenyl, optionally substituted heteroalkynyl, optionally
substituted aryl, optionally substituted heteroaryl, amino, amido, carboxy, formyl,
sulfo, sulfino, thioamido, hydroxy, halo or cyano, and iwo or more of Ry to Rg may
form a ring together with the carbon atoms to which they are attached, provided that

if any one of R to Ry is H, none of Rs to Rgis H, or
if any one of Rs 10 Rg is H, none of Ry to Ry is H, or
at least one of R; to Rg éomprises a spiro group;

xis1toz/2:

L is a neutral or anionic ligand; - '

and y is (z-2%)/2. ‘

2. The organometallic compound of claim 1 wherein none of Ry to Rg comprises a

spiro group.
The organometallic compound of .claim 2 wherein any one of R, 10 Ry is H and

(V2]

poneof RstoRgisH. . .-
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1 The organonetal Iic conpound of ~claim 2 wherein any one of RL to R4 is IT
and none of RF to R$ is H 45 WD 2006/ 093466 PCT/ S&005/ 000065 4. The

or ganonmetwabl2oe/msspound of claim 3 wherein each of RS t ®@CRSG2805800065
substituted or unsubstituted aryl group or a substituted or unsubstituted
het eroaryl group. 5. The organonetallic conpound of claim2 wherein any one
of RS to RSis Hand none-of Rl to Re is H 6., The organonetallic conpound
of claim5 whek eThe e@guionetalii caneporad pclzinsy whereinfaghiof Kyto Rydep stbstitiis ar vl
group or a substituted. i tut : Ok )
organonetal lic c 5@%%@%?1? ?ndﬂz&\%ﬁg?sgfgﬁ&ﬁ%ﬁgﬁ%gfsngRIFéa?lgter@émylvl-s@%pdr ogen. S.
The organonetal |ic conmpound of claim2 wherein at | east one of R and Rz,

Rz and R3a R3 and R4, R4 and Rs, R.5 and . ¢R7 .and ; .
Fing.9_ The o gMoMSk e SBBURG R P PP ey arn oS e B a1 5

to Rs conprisespéhesPRL @ BsRID. 10. The organonetal lic conpound of ol aim 9,
wherein at | east one of RL to R8 conprises a spirobitluorenyl group. 11.
The organonetallic conpound . ,of <claim1l wherein the substituted 2-
phenyl pyri di ng_ gTRsekphiforfekallfe cddipdind of daim 5 wherein edbh of R; WW@4GE4 substinned  NJ
Cr.HL% 46 WD 2006/ 093466 PCT/ SG2005/ Oﬁ%gOﬁS 12. The or anoq%lal i c conpl ex
of any one of cl i wsubsufwedaryl Feunens ypyiLutpq or ysubsypICdHIprogRy TP 7n.
13. The organonetal lic conplex of claim1l2 wherein Mis iridium 14. The
organonetal lic conplex of any one of clains 1 to 13 whereiny =1. 15. The
or ganomet al | i 7. cGhperagncsetzliy compougd of flaimmhg where: %e\%g’r@il% if hydrogen.

8. The organometallic compound of claim 2 wherein at Jeast one of R; and Ry, Ry

and Rs, Rz and Rs, Rq and Rs, Rs and Rg, Rg and Ry, R7 and Rg form 2 ring.

9. The organometallic compound of claim 1 wherein at least one of R; to Rg

comprises a spiro group.

10. The organometallic compound of .claim 9. wherein ai least one of Ry to Rs

comprises a spirobifluorenyl group.

11. The organometallic compound ..of . claim 1 wherein the substituted 2-

phenylpyridine group is
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aceryl acetone. 16_ A solution conprising the organonetal lie conplex of any
one of clains 1 to 15. 17. Afilmconprising the organonetallic conplex of
any one olocbh@iays4ek to 15. 18. The film according to cl acmSGZodswnaoaer
conprising a charge-carrying host material. 19. The filmaccording to
claim 18 wherein the charge-carrying host material is PVK or a PVKIPBD

bl end. 20. The filmaccording to claim 18 ~.or; claim19 wherein the

wei ght ratio 02. Thersaoogemnlivaoaiplaxef et dams Ado 1t vdicgdn dhisigiligRaost
material is abo%gjg%to about 50% 21. The filmaccording to any one of
claims 17 to 20 PROTAE fiilmhas a thickness of about 20 nmto about
200 nm 22. The filmaccording to clains 17to.21 wherein the filmis

prepared by a_sql ution rgcessi technigue. 23 .. -filmaccording to
cl ai m 22 vvheré?- Wg@ﬁ?lgﬁaﬁﬁ:rfc’ﬂjrpg%é’&‘%‘%Il?é”?‘ﬁh%s%degﬁg}“g“b‘l n coating. 24. An

el ectrol um nescent devi ce haying an em.ssive |ayer, the em ssive |ayer
conprising the organonetalljc copplex accordin 0 one of. clains 1 to
15. 47 WO 2008#(8nsswupasriisssos) G%‘m%%a’l"%‘éﬁé? @S%Pfﬂ“&rﬁ'ﬁl.‘escent devi ce
according to claim 24 wherein the | ayer.further conprises a charge-carrying
host material. 26. The el ectrol um nescent device accordi ng4to cl.aim 25
wherein the wafgfe ereenemesallic epmple of Ayt 18 (of Cms| &xtor &% ¢ WeeTrigst 1=
material is abo et?l%?:etgge. The el ectrol um nescent device according to claim
24 or claim 26 whefein the host nmaterial is PVK or a PVKIPBI) blend. 28.
The el ectrol um nescent device according to any one of clains 24 to 27
wherein the gpisgi ris} tﬁ@&%ﬁﬂ&&%ﬁy SnSiet B 9 RnP bOAKERI NG 15.

t echni que. 293@%26%?0&10” 1.llic'?r’fl%nesc nt devi cce 'a%cordi gg to claim28 wherein
the solution processing technique is spin coating. 30. ‘The

el et 1ol UM neg e e S E A A AR M Rl bt dFRichls 1% 28 Fur ther

conprisin j'ecting Tayer...

18. The film according to claim 17 further comprising a charge-carrying host material.

19. The film according to claim 18 wherein the charge-carrying host material is PVK
or a PVK/PBD blend.

20. The film according to claim .18 :or: claim 19 wherein‘ the weight ratio of the
organometallic complex to the cherge-carrying host material is about 0.5% to
about 50%. Coistmig s Ryl

21. The film according to any one of claims 17 to 20 wherein the film has a thickness
of about 20 nm to about 200 nm.

22. The film according to claims 17 to. 21 wherein the film is prepared by a solution

processing technique.

93. The film according to claim 22 wherein the solution processing technique is spin

coating.

74. An electroluminescent device hayving an emissive layer, the emissive layer

comprising the organometallic complex according to any one of claims 1 to 15.
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31. The el ectrol um nescent device according to claim30 wherein the hole

I njecting |ayer conprises PEDOT-PSS. 32. The el ectrol um nescent device
accor di ngvoaoan3wae of clainms 24 to 31 further conpri PCMEGANIBH@ES r on
transport ug.. layer. 33. The el ectrol um nescent device according to claim
32 wherein the electron transporting |ayer conprises Al@B. 34. The

el ect rol um nescent devi ce-accordi ng to any one of clains 24 to 33.further
conprising a hole blocking | ayer. ; .. 35. The el ectrol um nescent

grev'Tg,gl aceor diROTLO o feb b it WML BEER aéesrdmg & BLAEKH NGherliAUES 15 RELSES BCP

comprises a charge-carrying host material.

26. The electroluminescent device according 1o claim 25 wherein the weight ratio of

the organometallic complex to the host material is gbout 5%.

27. The electroluminescent device according to claim 24 or claim 26 wherein the host
material is PVK or a PVK/PBD blend.

28. The electroluminescent device according to any one of claims 24 to 27 wherein

the emissive layer is deposited by a solution processing technique.

29. The electroluminescent device according 1o claim 28 wherein the solution

processing technique is spin coating,

30. The electroluminescent device according to any one of claims 24 to 29 further

comprising a hole-injecting layer. .- -

31. The electroluminescent device accofﬂj:lg to claim 30 wherein the hole injecting
layer comprises PEDOT-PSS. ...,

32. The electroluminescent device according to any one of claims 24 to 31 further
comprising an electron transporting Jayer.
33. The electroluminescent device according to claim 32 ‘wherein the eclectron

trapsporting layer comprises Alqs. . -

34, The clectroluminescent device according to any one of claims 24 to 33 further
comprising a hole blocking layer. . ... . . |

35. The electroluminescent device according to claim 34 wherein the hale blocking
layer comprises BCP or TPEL
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