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charge-transporting host material. In one specific conventional OLED, the
active layer can be poly(N-vinyl carbazole) doped with fac-tris[2-(4",5'-
diﬂuorophenyl)pyridine-C'2,N]iridium(lll). Other electroluminescent
devices with an active layer of polymer doped with organometallic
complexes of iridium or platinum have been disclosed. However, most of
these complexes have emission spectra with peaks in the green or green-
blue region. A continuing need exists for electroluminescent compounds
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wherein:
M is selected from Os, Ru, Rh, Pd, Ir, and Pt;

30 L is a monoanionic bidentate ligand;
E is selected from C(R?),, O, and NR%;

v{r)

L



2 WO 2004/ 016710 PCT/ US2003/ 025765 R is selected
from hydr ogen, deuterium hal ogen, al kyl, heteroalkyl,
wa@bkdeny71@ar yl , heteroaryl, and aryloxy; R2 is B&l/&81008025765

from al , ag y

hydr ogeh; I%S%ggl S se%mcydeaaé%“ delmé'ﬁ{'ﬂ {11 bgeﬁ”ﬁk}/l

al kyl, hethatersaligl, all@w@ﬁyylalm@ter@ﬁryl @3@9 arvd,@xm,nd R3

t oget heg? tBESHIRVI € [ [

sel ect eg 15@ gﬁg%gﬁéyﬁorﬁeﬁlglo%yl E*I é’ryl ﬁ?%i ﬁr;/(lj

YR@EENand  aryl oxy; 10 R5 is sel ect ed from
5 al kyl engdiy seleeiddein@oatyl, hietershsealkylj héteyoalkyl, alkoxy and

é‘ﬁﬁl kyl oxy, and biaryloxy; and n is selected from1l
In a further set of enbodinents, the conpound

can confize R Fogether rﬁajoéd)rm\a 5- avieRmentbered NGO-  Ph

Ph n R 4 [ I

Pt ; Pth ?Sé%k eny B@r h%ﬁa@ffsé; ﬁ%%h?érnc()% ?rle?{tagi//ﬁnd

andoxydr ogen; 20 R6 is an alkyl; R7 is an alkyl; and
1on is | N‘*”%séﬂebt‘ed’fronﬁélﬁylaneéxﬁ a\MAéﬁeMy bidrylenst bRilkyl,

reading this tion, sKilled art’i sans

Higlkye létaé‘dtlh‘ﬁg’mfyhég speci fi c enbodi ments are not

| In‘? gi ng |§l$teled|t1édJﬁ'brrﬁ1 andust sone of the 25 possible
embodi nent.s. .The f.or ' ript e
foll ow ajgftg?rl %%t 05%3*8‘:"%[*%2‘ ﬁ% g (r?pngr%/a%an(gﬂgné@

ex;ﬂoanutaﬁ&joelmVy and are not restrictive of the

i nvention, ined i r;?et he appended cl ai ns. BRI EF
DESCRI PTI ()\I The invention is
illustrated earrple and not limtation in
30 the acco N fpg es. FIG 1 includes an

15i I lustrg8) on of é’ cross-sectional view of an
el ectroni c device that includes a benzyl phosphine
net al caovi@rein: i n an

M is selected from Ir and Pt;

Ph is a phenyl group;

R? is selected from methyl and hydrogen;

20 R%is an alkyl;

R’ is an alkyl; and

nis 1 when Mis Pt, and nis 2 when M is Ir.

After reading this specification, skilled artisans appreciate that
these specific embodiments are not limiting but illustrate just some of the

25 possible embodiments. The foregoing general description and the
following detailed description are exemplary and explanatory only and are
not restrictive of the invention, as defined in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is illustrated by way of example and not limitation in

30 the accompanying figures.

FIG. 1 includes an illustration of a cross-sectional view of an
electronic device that includes a benzylphosphine metal complex in an
active layer.

FIG. 2 includes a schematic diagram of an LED testing apparatus.

35 Skilled artisans appreciate that elements in the figures are
illustrated for simplicity and clarity and have not necessarily been drawn to
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active layer. FIG 2 includes a schematic di agram of
an LED testing apparatus. 35 Skilled artisans
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The term “alkyl” is intended to mean a group derived from an
aliphatic hydrocarbon and includes linear, branched and cyclic groups that
may be unsubstituted or substituted. The term “aryl” is intended to mean
a group derived from an aromatic hydrocarbon that may be unsubstituted
or substituted. The term “alkoxy” is intended to mean a group that
includes an oxygen atom bonded to an alkyl sub-group, wherein the
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The term “compound” is intended to mean an electrically
uncharged substance made up of molecules that further consist of atoms,
35 wherein the atoms cannot be separated from their corresponding

molecules by physical means without breaking chemical bonds.
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35 The term "heteroaryl" is intended to mean an aryl group having at
least one different atom in place of a carbon atom within the aryl ring.
Examples of heteroaryl compounds include furan, pyridazine, thiophene,
and the like.
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fluorinated or perfluorinated substituents.
To the extent not described herein, many details regarding specific
materials, processing acts, and circuits are conventional and may be
30 found in textbooks and other sources within the organic light-emitting
display, photodetector, photovoltaic, and semiconductor arts.
Attention is now directed to more specific details of embodiments
that illustrate and not limit the invention. An electronic device can be

made with an organic active layer that comprises a compound. The
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Attention is now directed to nore specific details of
enbodi nents that illustrate and not [imt the

woO popeitd7on. An el ectronic device can be made PET/HSTN3/025765

BBl BB Aol
coaglerted fromdtaimula 1anebFesmuad Begjow- cheni cal fornul a

selected frongFormula 1 and Formula 2 below. R (M)
E.P RBR4 n M L/ EP(2) Rn 5 wherein: Mis

selected fro , Ir, and Pt; L is a
{V'EC gand EIS sel ected from

nmonoani oni ¢ bi d
C(R2)2, )2,0\ apd, is selected from hydrogen,
deut eri (M hal oggn aI kyI , 10 heteroal kyl, al koxy,
aryl, heteroaryl, and aryloxy; R2 is selected from

al kyI het er o& I, aryl, heteroaryl, and hydrogen;
R3 is sel ect gd| aryl, heteroaryl, alkyl,

het er oal kyl , aI M£{12 aryl oxy; 15 R2 and R3

t oget her mayfom r 6-nmenbered ring;, R4 is

sel ected.fro al/"rn heteroaryl, alkyl, heteroal kyl,

al koxy, Znd  ar Woxy R5 is selected from al kyl eneoxy,
aryleneo>%,r bi aryl ene, bialkyl, bialkoxy, and

3 pi aryl o>‘9§/ Hd 20 n is sel ected from1l and 2. The
phosphoMiis- sadectad firang Q, g Ry HRgwdr.iamdAdk nul a (1) and
For mul a ( phosphi ne, where E =
C(R2) 2, ngé rﬁB%%mOHR%IBf %t@ﬁ andd R4 can be the sane
or diff & ierfelegied fiom CHdopeRdand INR isel ected from

;’s_}r yl, | hﬁ(1€i§ @%rse!étezd ﬁbiﬁyrhyollragtdn gtﬁéméﬁ@hkhbtog@ndalkm

ornmul a Sel ecC ne and

10p al kyl . %‘?’1@9%@51 ?Jlsﬂ e Be t?é Sy %ﬁ%rk’ﬁ’ X% from t he
r eacti oR %i§ seleeterbfroesalkyld hatproaliyly Boh) letecearyl, ahda

Hg/g hosphide in a solvent, such as

3z’alfuran ("THF"). An
R is selected from aryl heteroaryl, alkyl, heteroalkyl, alkoxy, and

aryloxy;
15 R? and R® together may form a 5- or 6-membered ring;
R* is selected from aryl, heteroaryl, alkyl, heteroalkyl, alkoxy, and
aryloxy;

R® is selected from alkyleneoxy, aryleneoxy, biarylene, bialkyl,
bialkoxy, and biaryloxy; and
20 n is selected from 1 and 2.
The phosphorus-containing ligand shown in Formula (1) and

Formula (2) above, may be a benzylphosphine , where E = C(Rz)z, and in
Formula (1) R® and R* can be the same or different and are independently
selected from aryl, heteroaryl, alkyl, and heteroalkyl, and in Formula (2) R®

25 is selected from biarylene and bialkyl. The benzylphosphines can be
obtained from the reaction of the corresponding benzylchloride with a
lithium phosphide in a solvent, such as tetrahydrafuran ("THF"). An
example of such a reaction is shown as Equation (A) below.



exanpl e of such a reaction is shown as Equation (A)
bel ow. 8 WD 2004/ 016710 PCT/ US2003/ 025765 Ph Ph

web@Ri67100HE  Cl Ph' PPh Equation (A) The PCT/US2003/025765

5

15

20

25

30

35

phosphor us-cont ai ni ng, | i gand shown in Fornula (1) and

Formul a (fB) above, be a phenyl phosphite where E =
0, and i Fegsrul a R3 and R4 can be the same or
differe nd THF e, i nd€pendently sel ected from al koxy
and arylaxy, and in mula (2) R5 is selected from

bi al koxy and bi aryl B‘Xy PnThe phenyl phosphites can be
obt ai ned by the reaction of a chl orophosph| e and a
phenol in the presence of a base. exanﬁqleafdﬁn &ch
a reaction i s shown as Equati on & bel ow

( PhO) 2pPdihespmpphosuscgRiaininglgan anb’@fmela (lppnd
TheEophoEP (1 ranf:v@omagdvﬂeé QQbh'eh @h@sﬁh@éﬁ@h’efk 50& maﬁd(lﬂ)

an

ahEorngldty R RichRpd Tt aﬁa(r&? oRAHRIREE B¢ IngSpRadently
sarselemtecdfrbfrealknxy and aayloxy,ratepiarfemmiuly (B)elR%lstﬁleéted ifrom
Eo RIS, HoarBRYEIER R )y i b e
bi aeagtlon chieeophasphiigieand a pbesalrintke pmcmca@f afase. An
t hexbARE bPBuH a%esalicm @rgmnhé@ gqaaﬁ%ﬁ SQPSQIBW in the

02 e B k) N chpOHFe s - B
- ~ PhOP(ifRie) @@Wﬂtﬁ@ﬁoﬁ@mn@ﬂgé’rﬁ‘@ shown in Formula (1)) a{gdﬂI
For dinge & a%& Meihe SPRRARERSPoinde st o Giaibine
(Fornnnla:@r)rﬂl Rf caRds& thessanee pediffarent amg tare independently

hets%fé?‘fé P‘OI’T‘?AI??/ 'heté‘x’b%r@eélﬁgloQhﬁﬂme@%ﬂwﬁéﬂcﬁn Forn'%la (2) R®

selecte
R5 is gelegtesfrem blawhandlmqlkﬁnawwlmqamm@ﬁwa
ph%Yélﬁ@@%@hﬁ@'ré&,ﬂlo?ﬁ@f é)@hl@hswdé@ﬂu@/ar?&at n'b?ﬁPﬂwbon
of a dichl er B glyne and a heﬁ in the ghpesencg
a PHRRNCEQ|q PIENRIG A SHEN agPagiar ioriPhas &auation
andChaslw:An exanple of such a reaction is shown as
Equat i on | ow.. PhR Ph0—| + 3N
Ph( OPh) F‘%ih()%%'a}a? g\%ﬂ(@lﬁ?ﬁ. 38 Ph él)z enatdliaton (C)
Et 3N - > TihieQr{ciphOCRhEomMaining bgand slzc)awrlrhre Formula (1) and
ph%%aréi )8 ma;%%a FRBAYHRE hbﬁit{%ﬂ%qs £4, AMrmula
may be I"a or us “conpound,,”.
Whéﬂ )eRE|s-s glpgted from aryl heteroaryl, alkyl and heteroalkyl, and R is
selected from alkoxy and aryloxy, and in Formula (2), R® is selected from
alkyleneoxy and aryleneoxy. The phenylphosphonites can be obtained by
the reaction of a dichlorophosphine and a phenol in the presence of a
base, followed by the addition of a second phenol and base. An example
of such a reaction is shown as Equations (D1) and (D2) below:
PhPCl; + PhOH + EtsN —  Ph(OPh)PCI Equation
(D1) .
Ph(OPh)PCI + PhOH + EtsN — PhOP(Ph)(OPh) Reaction
(D2)

The phosphorus-containing ligand shown in Formula (1) and (2)
above, may be a phenylamino phosphorus compound, where E = NR?,
and in Formula (1) R® and R* can be the same or different and are
independently selected from alkoxy, aryloxy aryl, heteroaryl, alkyl, and

9



and in Formula (1) R3 and R4 can be the sanme or
different and are 35 i ndependently selected from
wa@bkdoanyq71@r yl oxy aryl, heteroaryl, alkyl, and POr/\W&003/025765

20 (5]

20AGRERYP BETH AR PATOR ecitet bl

ar ANARBERYY, birryiepee hilky, laalkyloxyba la;armyy dhe phenylamino
T r

e THpBlrus T POGiUS & P%ﬁb?‘ﬁé@ URHe reatRaver ,Q@@%'amm

Wi tCﬁ’"éPOémdoW@%ﬁd’Eg(NPH ogphige 9 et W&l‘ﬁﬁph'&e AR ampeof

s5examghe @fachos isshewn eeqiqumloln Eyefgw.as Equation (E)

Reuar on MRR. ¥ crbBRa: Rl r?athaRNf%ﬁéﬁé’Z?. Feation
Phb@(meﬂahahy@reactnhwgﬁquatlcn PR} Me) P(Ph) (Ar) Equati on
F) Th
 hand TINQAGRIENTAD EAGALOROSPhRIUEIBEAFIE' Eauation (F)
S as coJrhﬁ lh digang can Hesa AINGEsIaniG bidentatedigapdr da general
10ri flﬁésé’\lgél hd“sol%\fé Rateep, tdi’ Siaﬁébéﬂdn?étm@ atoHid & form 5- or 6-

coor di

C s hRtod drgS hPrB oo nH P et atae: S A copetinating
| i lgrousimhldesaming iiniraly laenidey alkbdxideparbostgiatey pHospliao,

o Bl S0 et EXARBRSTE SubBieoPaRh SombBARGE Foranese
( arhgaod& mﬁmjﬂ ﬁtd&carbgaﬂsi(ﬁ-er}@}atedlgaeds); anddhkelr N aad iSds
15(' 'Erié%i;]%' b%b ddy)w@gegvs gﬁﬁr‘méé‘a}fkbﬁylé&' IfGaBs); b RS

C | gan ¥ ul nal I nes | . L
( hf@ﬂb@?@yﬁa B @{atr@cartg)aw!ﬁef igaads); aliGYlic agichdeyiativand
dl gealaytzns nganasy @ix mbnme/é mmwu@ﬂinh% Kfands) and

?%F?%%@g%?ﬁ ahSErdinodinals taRioskoinilkedde

grdlgpeds)an be the sane or dlfferent and can be

sohydr Oger’ﬂ] fﬁ'@n%ﬂaqg hgﬁh&%@engﬁtﬂg rh%%lﬁqgmlﬁdée K el .

heteroary group can terium
hydr ogen, hanB O al kyl, heteroal kyl, aryl, or

het er oar yl 25R ______ OUNS) Adj acent R groups can be joi ned
to formfive- Osi x-menbered rings, which can be
substitﬁafd FB? exanpl e, R6 and R7 groups may be

sel ecte rom - Cm( H+F) 2mtl, - CG6HS5, - CAH3S, and - C4H30,

V\'helfhé R? had Ri@rd)mrﬁ@@% bértﬁéﬁs&nﬂtdwlodiﬁbrdrﬁ; ahd can be hydrogen,
R, A1 A iV o Bote S ey B e
o SRSRE AT B A AV RSy i RagrlP can
1| -bendd e suii, padbgenn balogent Iakkyl: beperoalkyl, drylsoeldeteroaryl
25Tatﬂr&gﬂs ﬁh%‘(’!eni"ﬁ?rsmwEaﬁlﬁ%rjgh‘w'eattb‘?grrﬁ Ael B six-membered
rings, WhICh can be substituted. For example, R®and R’ groups may be
selected from -Cpp(H+F)2m+1,-CgHs, -C4H3S, and -C4H30, where m is
an integer from 1 through 12, in a non-limiting embodiment, from 1 to 6.
Exemplary R® groups can include H and F.
30 Examples of suitable B-enolate ligands include the compounds
listed in Table 1 below, where the abbreviation for the B-enolate form is
given in brackets.
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10 WO 2004/ 016710 PCT/ US2003/ 025765 TABLE 1
2, 4- pent anedi onat e [ acac]

wa 2@4dighenyl - 1, 3- propanedl onat e [DI] PCT/US2003/025765

10

15

20

N 1

Rfcfrarn-\i-lnl a (D 41
HH— T —(2=tm

L anat
OO T aArTC Ty T u \.) II ELGIICUI UIICl T T

ile nyl)4, 4, 4-trifl u oroabABbR hte [TTFA]
'274 gbﬂféﬂéﬂﬁoﬁaté 1,2,2,3, 3-hept af | uoro-4, 6- [{5@5}}]

l. O.IICUI ultat ©

| 113-dimhenyb1 Reremanelionater- pent anedi onat e [ AdBdhc]

2L ,@;@Le'iga?nél;hﬂ}ﬁ9t53iﬁé¢t@h@d|3nétééﬂ‘t anedi onat e [TMHjacac]
“priefyt 3= et nyt - 4- =1 5= razotino
dvieinienyi)d . 4.4-1 llégr,oggﬁt;qna r ent Ezrmmmdq r[fﬁ-FA]

eiﬂﬂdﬁhlathyﬂvat I @b 8 3-REpEELGIcU 6. The par ent[F@Dipound
1,1 5. eptafluoro , 4- pent anedi one,

E3C® Q*)?Bﬁ‘iﬂ@ ?i _can be nrpnaped using-a two-step5
YIrJi,h€55§5 héﬁ@‘&ﬂ)r@@ 4-lpentafmdﬁor[a‘teof per f | uor|offegaicaclke- 2

i L TR B -

o phenyissmetisylid i butyryhé- syrebinohaie to hydrdl

he hydroxyquinolinate [1gands can be substituted with
groups, such as alkyl or al koxy groups which may be
par ti al The@-dicarbonyi parﬁnt eamp@uUndsereagnsraly amilable

Tapp AR Srciatd; }irﬂﬁi 0AbSUAd 954,553 HeptaNBRS2n

TABE@a@e ppnqay ;\Sﬁﬁfd &3{3 E”F\é#ﬂ be prepareg usmg a two-step
@?\thébsSbﬁyét! o \the readtionasferdrikordpghtene-2 with ammonia,
hylfﬂ

WS TS AEBR st s el i BE sfdted and reagted
coomdecaathydroud bendihoes,haswlb mwbasuecept@m]ushwn By
have FO"I’?E'I%/&? MMlna@Ws@an%$suE§t uéé% With gfdups,

—-

[N

I_\A‘(ﬁf_|I

{h

(@)

IS selecte

OT(SHBlF)aamlkyl ocslkaxpgsupswhicRimay deRarkiahear g forinated.
O mpias-b sH{bie hya8dxyRuindlinate ligands include those in Table 2,

with abbreviation provided in brackets:

TABLE 2
8-hydroxyquinolinate [8hq]
\ 2-methyl-8-hydroxyquinolinate [Me-8hq]
10-hydroxybenzoquinolinate [10-hbq]

The parent hydroxyquinoline compounds are generally available
commercially.
The phosphino alkoxide llgands generally have Formula 5, shown

below,

RQ
:P—(C(R”)Z)(—]—o 1)
(5) R‘IO

wherein:
R9 is selected from Cr(H+F)ame+1, Co(H+F)pZs-p;
R10 is selected from Cp(H+F)2m+1, Co(H+F)pZs.p;

11



WO 2004/ 016710 PCT/ US2003/ 025765 RI11 can be the sane
or different at each occurrence and is selected from
woR0Fo1Eamd Ch( H+F) 2mtl;  Z is Om( H+F) 2mti ;  m i BCHIOS2003/025765

i nt eger
an inte 2? omq{ #‘qn %dgféeghéﬁ%gedg{?%%ﬂé@gﬁsarm o
ph@@phﬂeddmmd'lhd‘T amhﬁm 'tE)zrhaw ng Fornula 6 R9

p- (C(R'ils@‘) H i V0 (6) R 10 can be prepared
usi ng known roce res uch as, for exanple, a

pr ocedufeisiast INKRAss quﬂé rquglg] trifluoronethyl)-2-
5 (di phenyliphag@yi no) et hanol . This method can involve

th t f [1ithi ith
ot | ubi s it T RARRBRLISIA Y, oy o yers - 15
Al ﬂ'berpmdamurebyphcb&phnm:tbmika:hmlmnujdwtdsl havimgpbarslacin be

prepared using the reaction of
1,1- bls(trlfluororrethyl)ethyl ene oxide with the

cor r espondi ngR’s ndar phosphi ne (R92PH) or its
deprotonatedf 4{ é—-ﬁdt ([RO2PI M, where Mis Li,
Na, or K. Th 1cde otorfated form can be prepared by
the treéﬁ)rrent of the secondary phosphl ne with a strong
20 such, as BuLi or ternativel
10 o33 RETCRAIEHA M BBU B RIECRHT oS SRS Jor Fgerrpic, X
dl brddedate fordereparing vekbisftrifladminyethy)<- whi ch can be
ven I : :
G (Tepea bR ThR et Etinubite the reaction of
chumhgmlymmsphmomtbylbtﬂwe wnﬂeh@eajluoe@acetylacetone, followed by

phgggltgl | kanol |igand. 25 Hal ohydrins can be nade by
ri eé%ieof conventi onal

od h
151 i ng- opéWemptyelyathe pBRsRfting é‘ﬂ?@%ESS%QUEaS cgRikeprepsared
\[IJMI‘ ‘ieJBIa e(rb’élitl%n & 1,1- I?F(trlﬂldoromtﬁylrahylbne oifelvith thie
Fin i s(trifluor
B ik LGSR LD BN E B TR
n gt ([R?zch]M) ushersHdrigiLi N:he)rriﬁl Fhedepretopatad fonmydan be

SIS TR onoEy  ooce

20(:or$bch|a$%ldn0é wi th aqueous HBr, to forma
br O”Dhyql(l’ﬂe‘? atfvé) 'tﬁé"pﬁbéﬁlﬁinb@P«(é?’(dl’%@hwﬂiuhﬂsfc%ﬂfbe made using

fjf%@fyﬁI‘émf@ﬁsv\tﬁtwsmﬁw@%f\%\ﬁh'@bfﬁ?ﬁ G PrEreg psgen
| i tdahvantione hedthod ha hedikithio-dérivative canbbe yéadted kithra t o
t hGf:hlorophosphine to produce the desired phosphinoalkanol ligand.
25  Halohydrins can be made by a variety of conventional methods, such as
ring-opening of an epoxide (also called an “oxirane”) with HHal (Hal = Cl,
Br, 1). This may be useful for preparing 1,1-bis(trifluoromethyl)ethylene
oxide. In one embodiment, a dried bromohydrin is combined with n-butyl
lithium, wherein the molar ratio of n-butyl lithium to bromohydrin is about
30 2:1. A process for preparing the phosphino alkanol can comprise:
(1) combining an epoxide with aqueous HBr, to form a
bromohydrin;
(2) isolating the bromohydrin from reaction (1) and removing water;
(3) combining the dried bromohydrin from reaction (2) with n-butyl
35 lithium, wherein the molar ratio of n-butyl lithium to the
bromohydrin is about 2:1;

12



bronmohydrin is about 2:1; 12 WO 2004/016710
PCT/ US2003/ 025765 (4) adding a chl orophosphine to the

W(p)rz(mdmmﬂmf reaction (3); and (5) adding acid POT/UB®03/025765

5

15

IOTOO“JCt R r& hosp @'Eb d%rchf tion (3) and
phosphl e] e ds C%elgg

C6HpY5_(R) anmmgaamdut@ h}F@romorsrea@,ct@no(AM I'n one

non-1 i ”H éﬁ%xénﬁim?(ﬂih'& hmo@lkdxi%ﬁasﬁ e RY dRUIR1G afdF8F;

and . t h I
coﬁb 'ﬁd\éfi rar"‘é‘eégs} F?ﬁ af‘gl 5 %955 ?Ksh%ﬂqlﬁn'?qaibrmq'ng
abbﬁﬁddﬂhéﬁﬂ at Rad@t ankeif R 1T|AEE[‘.F% 3nd)q is 2.

di ph
T bi ot FRRE ALt BB a ShenbRRampowyds aisgren i
[ PDablet-g(a), Mltﬂthebabbmmeﬁlbnon bnackeps:) - 2- (bi s(3' 5’
[PO-2H ditrifluoronet hyI phenyl ) phosphl no) et hanol 1,

1 —bis{trHuoererethyh) {bist HPE-3H]
t§ifluoronethyl phenyly) pho%ﬁl-ﬁo’f)(@) hanol J1 1
(*"154|§ﬁéﬁ§|¢'ﬁésgfmﬁ@-2' LproganbiPO- 4H| | [dppOH]
P1-S entar raOr Opnetyl MOSPTITTTO) elldllUI 1U |l
phasmﬁctmfbmr@mqtmé) A A T YT
t ;1eab rev'uﬂlzfua'&ﬁnQﬂh\{'@132 (o © ?ég) et\gthTABL—[%o-t?H]
14 gitArueremet ﬁsﬁﬂ%wﬂm@eﬁa LY (o)
11 i ﬁbts(ﬂrﬂhummmmz Ibig@'-[ PO- 1] [PO-3H]
“Mﬂ?ﬁ&ﬂéﬂ%ﬁh%ﬁfﬁh@@% o oo
di| tir1-bis@imiflooerhgthyhedry | ) phosphi no) et hoxi de 1 [PQ@-4H]
¢ DOt R PREAM lohiotphhitétiancl FO 51

1
T OO ISALAAUDAN) MOSPITT 11U IMUAT UT 1, L

bls(trlfluororrethyl) 2 [ PO 4]

10( b'ﬁ&a‘}ﬂms‘%fh' rﬁﬁﬁ’ll@(ﬂf’@é‘w érmboécﬂ% S rﬁf’iﬁ ghe a‘de@rébmpounds

SpeCIfIC imtin f. . th t
comp® gvenin TahipSaY bdheebbrvidiensorayinsd ¥ E’gﬁ%ﬁ}
l op M RNO P nR (3)

TABLE 3(b)

1-diphenylphosphino-2-propoxide ‘ [dppQO]

1-bis(trifluoromethyl)-2- [PO-1]
(diphenylphosphino)ethoxide
1,1-bis(trifluoromethyl)-2-(bis(3’5’- [PO-2]
ditrifluoromethylphenyl)phosphino)ethoxide
1,1-bis(trifluoromethyl)-2-(bis(4’- [PO-3]
trifluoromethylphenyl)phosphino)ethoxide
1,1-bis(trifluoromethyl)-2- [PO-4]
(bis(pentafluorophenyl)phosphino)ethoxide

A more specific, non-limiting, exemplary set of the metallic complex
compounds can comprise Formula 3 below:

]

Ph ™
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13 WD 2004/ 016710 PCT/ US2003/ 025765 wherein: Mis

selected fromlr and Pt; Ph is a phenyl group; R2 is
waedogotedo f rom met hyl and hydrogen; 5 R6 is aPCHUE3003/025765

R7 is anm%rgw.; and nis 1 when Mis Pt, and nis 2

when Mis Note than R6 and R7 may bethe same or

di f f er er¥l is s@lepies fepmdEpREMt, R6 and R7 are

i ndepend=iid & preh@gredpf rom al kyl groups having from1

{hese i%@%‘[?% 0 e 19,2

5speci fi dtis@n alkyl; any of the fornulas descri bed

above, hegla%ggﬂ(yil%ﬁaq such as fluorine, may be

substi t Ut \édrogen atom at the sane | ocation.
The net & iscbwpendds arar@em]@raw}erﬁ‘d iplrepar ed by

Corl%tg'tﬂgn RELMIRY Hay b ﬂ’fﬁ SJrQJ?I‘Fir%HPr 5o @ Bhitodifent,

a, nonoanl on| C |

oAt R g indepeadenty felerted B lﬂ§°'¢%‘fn S¥Rg figm 1 to 4
10 aslon Btons uEKahipfosel f(#m'inq]mb ST sLEPBAIRRR!

radBeH B0 gt B 145 SGfeson. Faits

& any e ipiiiad Helgista
netadove, atalddeyaaidm,cuchtad fluarire, mat be substifatezt fak ly

t nter medi ate product is
thgwd é@ rilatg?m g?&%ﬁ%@k Ib%gldtnhe nonoani Ogl C |ul galnd
or with theemedaliqomplexeeaan genpeliids prepatecthby sembining a
150f rﬁéfa?chfo‘ﬁdfe%'ﬁhb@ﬁhéﬂﬁpécﬁﬁalhﬁwl a0 BAY | 2mbn@Bnionic ligand.

Forul a 5 i on to an el ectronic

dev cqrhgrs? P@trﬁﬁFﬁe@ vgbh.ﬂ-;eeahmqrg%contammg
f abrglaﬂdtln @rBmeablEesdveﬂ"lh sueh est2-ethioxyéitanok E@nhexzzoordinate

podetal B s Lo ARBABE i E & S Trdl B0 B | For
V\hdetraaomdln%ametalsethﬁ ligdre loametad nodlar rediode generally about
20! ”gi H‘d%et r‘é‘%ufﬁﬁé%ﬂe\rﬁxe&%@@'p?&%jt?c‘?@%%aéﬁeoﬁbﬁ% éegl of the

an Cco rise
| ayepnqarmon@ liganHogewithjlee negtial paigat awna@tmdén thg/Riesence

13Gpf b‘é(éleat“cﬁf@imﬂﬁetd&ﬁn BREQVIMRYERSAAS 11 6 RernRRhizonal 30
th gleeclatn Jﬁgtgeéﬁ Q&;tg :n%% lrgaéted % agrﬁ]léggtfme}c %e@i%le%%?rr\%ristn?g the
el anttaliic corhplekizmd its fabsipatidon peyczss14the elayieonic H2Vicenchn
25 e e ATCRS G el Al %ﬁ#ﬁ%@#ﬁé b3 hehlEes o
20 ele¢tybal cqndacidayersf waemn@plﬁasmgnemittlw iyegs obthel devrce
FALEioBASY OB gighe Blpo 9 K8 S et Lo
phapeiephis d euikpan Wﬁ%@%ﬁn@@ ﬁé&y%kéﬁ@ecaéhﬂ%{ayer 150,
Chaérﬁﬁah l‘a@ﬂ@@ﬂiybr ngomc@awﬁxo $ws Bnege Alyes 119 i9@h optional
30 %o(?e |nJe¥t|ng§H‘ansp an |ayer¥20 and adjacent to the cathode layer 150 is
an optional electron-injection/transport layer 140. Layers 120 and 140 are
examples of charge transport layers.
The active layer 130 can comprise at least approximately 20 weight
percent of a phosphorus-containing metal complex previously described.
35 In some embodiments, the active layer 130 may be substantially 100% of
the phosphorus-containing metal complex because a host charge
transporting material, such as Alqs is not needed. By “substantially
100%,” it is meant that the metallic complex is the only material in the
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Optional layer 140 can function both to facilitate electron
injection/transport, and also serve as a buffer layer or confinement layer to
prevent quenching reactions at layer interfaces. More specifically, layer
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substantially perpendicular to the lengths of the anode layer strips.

Electronic elements called pixels are formed at the cross points (where an
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35 approximately 10-80 nm; optional electron-injecting layer 140, usually no
greater than approximately 100 nm, for example, approximately 10-80 nm;
and cathode layer 150, usually no greater than approximately 1000 nm,
for example, approximately 30-500 nm. If the anode layer 110 or the
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35 etween the anode and cathode, usuaIIy less than apprOX|mater 20 volts,
and in some instances no greater than approximately 5 volts, may be
applied to the device. The actual potential difference may depend on the
use of the device in a larger electronic component. In many
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COfRe m@témd%@mplm adsuridedi gbovel @inesmitdighheloest wsbloe.
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cI dalbcolon displey. REh@Geghascmedreeheanbes present] usass of the
d| S ?p&g&%é%@%kﬁﬁe BRIY 57 vﬁ)?éi néﬁﬁgérao%rﬂbma%h AR and red

Sone gree users o

t hesubgixsis withini a pixelsp ratct@ssr X@tmwemetﬂt%i colQE3-ng a

conmbi natyyRkalid HSm@R&e‘sQﬁay pekiRieysh %p‘Mléé’tidhsaother than
pi xel s) colors clgser to zéécfe))ﬁ%im ed colors

30rret%‘?¢tfféﬂ"é gRprcese Oﬁﬁifa%’ & PR 08y P& ﬂ%patalysts

t hagt indicalpste. gnlds<y eniseasitivE inidieatarg [phospherescepl iedieators
sts or indicators (e.g.

Wi used as
JBZ’FP%S(?&WTW '%8 ‘cators, phosphorescent i ndicators
| n bi oassays, or the i ke)EXAMPLES

The examples include Pt and Ir metallic complexes that can be
35 formed from a number of different chemicals. The last example includes
electronic data for some of the compounds described in the examples.

20



EXAMPLES The exanples include Pt and Ir netallic
conpl exes that can be 35 forned froma nunber of

walepdoiereams chem cal s. The | ast exanpl e i ncl udeBCT/US2003/025765

t he ex . 20 WD 2004/ 016710 PCT/ US2003/ 025765
EXAMPLE Tiherfoopig exampleds aspt doiexempdify the synthesis bf Pi(t-

thGBlﬁzyzm %ieﬁ?\z?lfdlﬁhéﬁylphosphme ) from benzgldlphenylphosphlne The
e

et AR A9 e CERPR IS RS Rl lesmioakeasation Eation

el %W!@Qata for some of the conpounds described in

5u5|(EBg belev.pseudo chem cal equation, Equation 5 (Q

below t-Bu PtCl No | t-Bu cattsuBu4Cl t- Bum/ Pt C PP
\h B P~ Ph Ph Ph' Pht BUEG tion

reaction. di phe phospﬁ e (ap XI 59«‘ 2.0 g
or 13 mml 6m StPekiSheni cal &pul nc. ryport,
I\/Bssachusetts O ("Staent)) and plati n hl ori de

(approxi mat eP§ 1,8 g or 12 mmol;  Str' n)Phcan bBu
conbined in the presence of tetrabutyl ammoni um

chloride (approximtely 330 ng or 0.12 nmol from
Sigma-Aldrich Corp. of St. Louis, M ssouriEquation (G)
("Aldrich")) in chl orobenzene (appr oxi mate:y 128 C'T:Lf

Al drich can, be irred at approxi mate 1 or
appr oxi e ) ?' &qy' eggtion ﬂ%&'é@heﬂﬂeﬁowhm@Q@ﬁproafrn@ﬁely 2.0gor
whi1@hmtriatdronh Streoh %Ehﬁc@lgnm@nﬁﬂNémaW M&SB2¢Adsbtfs

T e e N

f i IStvesmn) ean bemshhined irhthet fresencandf teditdbotytammordam dhioride

b S ehrotfatél 430 Rl 86,15 Aing bRESEM AR G, ot st
yi ePHispMisgrur (é'émrtqhn)j i ghloioenzenet{@pproximsatsaly 400 calx
be M@iaH)Red Mdrt be 2tifed a@ab@?dmféw h 36 @ﬂa? ?b?ﬁﬁ&%%ﬁ; 10

15 po moeRrrter ARG @i AT e e velefie sermpepentsrsan bo

hydemdeed rovaco. ofihé\sdlid edSiduanthye gtlékﬁéwﬁ&lﬁrmbthanol and

(e RGeSl e iddoteuil oo cRa ol hefindr and

ap |§H©\N6dﬁ® dry inagacuei ntheegieldr hﬁathvsateesultlng sodidpeamele s can

th f@% n vacuo. The desired product can be
pu% ftg%rh?r gdé?esulu ng crude dark brown solid via

20si1ica gel'Br Iraattionmr iebtireayield ofithe resulting splid frpm the A

25

30

ac esadtion(@in 1be tainberf w;tnmoz em-fmﬁaf?héfth?fps @h@&ahégone

el %Bdluﬂw salk Ya%‘ﬁro&;%a?ely f 8'gor8. 9 m?nol that cans'Ber Srepared from
the corresponding acid and sodium hydride (both from Aldrich)) and 2-
ethoxyethanol (approximately 50 mL; Aldrich). The contents may be
stirred under nitrogen at approximately 120 °C for approximately 45
minutes. The volatile components can then be removed in vacuo. The
desired product can be purified from a resulting crude dark brown solid via
silica gel flash chromatography with hexanes/ethyl acetate (at a ratio of
approximately 20:1) as the eluting solvent (product R; = 0.7). The desired
product (approximately 250 mg or 0.38 mmol, 3.2% from PtCl,) can be
isolated as a colorless foamy solid that exhibits blue luminescence under
254 and 365 nm illumination.
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30 product (approximtely 250 ng or 0.38 mml, 3.2%
fromPtd 2) can be isolated as a colorless foany
waoelmdid7mat exhi bits bl ue | um nescence under PEHUSIVA3/025765

e O DOl L0 g 08 TR Pt ) T5e 7 46 (g,

7 ms)ﬁ' 87 2PH2Hym), B.9B7 A E@H, 47), 5.8§ (1H, 2337 2N, 2 =

'1166 By, 7 é§éé fﬂog (39#653(0}) s), 3.71 (2H d, J =
9H s) ppm EXAMPLE 2 5
Th g exanple |s used to exenplify the

5 synt hesiThedbll®ling-example is used to exempllfy the synthesis of Pi(t-

e B GrT) PRE AR STSRAE TGS or red
g 2 :pihgnylbenpylehldugec Hdnei Eiabomnleataaurbepﬁﬁqgﬁd l:[B’ll’F\)? Ell)e2 pgaudo
c@w‘rgcatqhaga% %’EWWSPG@NA B CPhl-Pt-Bu Ph

Ph 10 G Ph P Equation (H) 1 "A" reactlon To a

stirred sol ution of pg- phenyl benzyl Bi de
(appr oxi ﬁately 1.6 or 8.1 mmol ;n i ch) t-Bu

anhydr Thiz pL( appr gxi 0 nig= Idr| C d@r\
ni t r ogey-at—Leom t e ermut@ée?&c;l —be—1858%dded\},

di phenyl ‘prosdhl de (appr oxi nately 1.& g or Sh/l\meI
10prepared Trom n- but'X/I Ppt hi um (Al drich) and

di phenyl phosphine (Strem)) in anhydrous THEuation (H)

(appr oxifretse| rgadibriilTo & ARMidSSolaNGT oPADHHENYIHehzy I'Ehl%)rlde

br daemrasl L84 e RAREREYD anefous TEE ot on
TheapprokimatebatD hilg Mibect)Linsleamitragesdat roodn y—:napsraafreelan be
15 50RO TR Gl B R DBHE S KesroRartlier L S iR
anqpremanedércm rrhm*ulhlgnum(ﬁldr@:rt)@ndedmbenylnbosphme Strem)) in
Pf%?ﬂh o%%efigﬁgbe Wﬁﬁé’@ﬁﬁio mTLf)@dro%\!'vlsfé?r é\Fe%o%nm te. The

ness, eSI I‘ r oduct

eva
< Thddg léh saltonr vthep@%m @r@uswﬁaw eflgipon
f Urcbhﬁjct WithCe Beh A chdrlm@Lgolat’bradvhé Infﬂmlre I@thtf\eﬁ aki on.

201 S RBIE Lo o BBRRAITBLE s of ik e
7. 36sidu8mng bk extracted with anhydrous/degassed dichloromethane and
filtered through celite to remove the precipitated salt byproduct. The
filtrate can be evaporated to dryness, to afford the desired product as a
crude off-white solid, which can be used for further processing without

25 additional purification. The isolated yield can be approximately 2.5 g
(88%).

'H NMR (300 MHz, CD,Cl, 296 K): & 7.35-7.50 (6H, m), 7.30-7.35 (2H,
m), 7.15-7.25 (2H, m), 7.05-7.20 (9H, m), 3.29 (2H, s) ppm. 31P NMR
(203 MHz, CD.Cly, 296 K) & -8.93 ppm.

30 2. "B" reaction. The product from the A reaction (approximately
2.0 g or 5.7 mmol), platinum(ll) chloride (approximately 1.4 g or 5.2 mmol;
Strem), and tetrabutylammonium chloride (approximatety 140 mg or 0.52
mmol; Aldrich, dried in vacuo) can be stirred under nitrogen in
chlorobenzene (approximately 50 mL., Aldrich) at approximately 130 °C for

35 approximately 10 minutes, after which time the volatile components can
be removed in vacuo. The solid residue can be suspended in methanol,
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m, 7.15-7.25 (2H, m), 7.05-7.20 (9H, m, 3.29 (2H s)
ppm 31P NVR (203 MHz, CD2Cl2, 296 K) S -8.93 ppm 30
wWQ@20048Bi671@act i on. The product fromthe A r eact PONUS2003/025765

gﬁ%@pﬁﬁb'@gﬁ IH% ;Brr.r&g cgp ¥e |§%lgtéﬁmlané‘llt£ wnéé'i‘%'dl With ether and
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' S%ltlﬁregq.{ﬁﬂeg‘rnﬁt%g%ér?éﬂ é&g})roﬂéﬂﬁig@ 190 $C fsSprofinthtely 45

| 'owe reaction.
Apr!ﬁ'@idmﬁat E’P%/VQ'&‘@'%CQJFPPR%T‘@ ﬁ?@é’%ﬁlqndem%dt iRyvaguo, and the

10" efl‘fés'u@ﬂt et@@u&ﬁnﬁ?ﬁ’@ splgﬁlﬁgﬂffd;n tr(mje (l;?]seultm crude dark brown solid
i slipnoeL g s asPoR R BT hiesto Bl aodhfl a ratio of

corappspxintitely 8at) ak thredelatiog Bmvleylﬂ(prdéwtthaftmom yorfihe deswed

A gsrrrbgﬂ(}t)(aﬁﬁpoxﬁnafe éﬁ?éﬁé%ﬁgoﬂo &?r?cﬁ 8&(;111 PRt §6|¥te§fr oden

at calprtassi foamy gphdztbatexmmt%bhynedumms&eylcasxndler ﬁﬁﬂ@@d 365
15 Thjnrﬁ‘?lhﬁ‘ﬁl*nla o,qonponents can be then renoved in vacuo,
the 1

o oh W GOt S oo K6 & Te 1. a0r 1 78-08D GFiagn.
chrma-t70@3XI Ym 1B5W35@'0@H/ ﬂi),hX/Izzamswslﬁvfrﬁ){s?s:(ggﬂug% 3.75
en
of (2PRB 9 HRLSAA, B (R )1F 4B'EY Bffpsft ot (Brody
orlEIEDéAtIVIHtrE)B) can be isolated as a coI orl ess foany
2058 915 e Bl Sxdtode 5 ReRAS EARAMIKPHIR s fledBEE pict-
K) :Big-acag)( t)rlr-phmyletr\ylrgtphegmlpb@sphln? ) from @2-17. 68 (2H,
pr?err:j/fé‘t bgjl@loﬁ@é' 'mePFccﬂﬁ IEx%ln(t?é‘Formed L%lﬁ@tﬁelgé‘éudo

(gkﬁ’heé,‘)"cﬁ ua@gﬂwﬁggagoriﬁ TREIOM| | owi ng exanpl eis
used to exenpllfy t he synt hesi s of Pt
Bu2- acac) ( )1 phenyl e -di phenyl pheSphi ne) m +Bu
()-1- phe etlﬁ nhl uﬁél co X can
f or med usi etptrat-or Pé){b_
(1), belg C; Bu \\CtBBuPt/Ct Bu Y\\AtBu
PTF~~ 1 cat B PtCl BhCve

25 Equatlon ()

1. "A" reaction. To a stirred solution of (+)-1-phenylethylchloride
(approximately 1.5 g or 7.8 mmol available from Acros Organics of Fisher
Scientific International, Inc. of Hampton, New Hampshire ("Acros
Organics")) in anhydrous THF (approximately 10 mL; Aldrich) under

30 nitrogen at room temperature can be added lithium diphenylphosphide
(approximately 1.5 g or 8.1 mmol; prepared from n-butyllithium (Aldrich)
and diphenylphosphine (Strem Chemicals)) in anhydrous THF
(approximately 10 mL) dropwise over one minute. The reddish solution of
the phosphorous reagent may be bleached upon contact with a benzyl

35 chloride solution. The mixture can be evaporated to dryness after
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Ph PZ\C M C Me P\Ph Ph/ t-Bu Ph 25 Equation (1)
1. "A" reaction. To a stirred sol ution of
W(Q)molfom”vemyl ethylchloride (approximtely 1.5 BCDUSX08025765

Scit® R?‘%?'l“l %ﬁkt%é‘%r Ir@gaﬂﬁlq%QWéF ﬁ_@%@%%{ﬁmc@d with

Har%ﬁlélbfdms(dmgd dizhjaisineethpne ianddileyent througieelite to
( apgineYh 1RE Pé’cnéi@atﬁél saﬁI tgfg‘r&ﬂ) It U'T‘Fl)%rﬂlt?’QterEérf B98&0afbrated to

roo tenper ure can
REIRASH ED RN E IntespieshataRr %ﬁtﬁsﬁ grusie eff-whiteolid,
5 gr Q\nﬁéledalﬁ 'b@ms@dbfd)tr gﬁhérfﬁmﬁ’méﬁ’i’ dithel addiﬂﬁn%l purlflc%ﬂl%n The
i rem n anhydrous
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of PaTRMavefivaRl8. b stk TRRe Tty BraltphnfRash Hetihol
ch@ndsiheyewitlm@ soliddai biedselbteuliviaffilteatidng washied with ether, and
15| S%ﬁl@&l@étéﬂ'o‘?yiﬁrﬁé’dhobe approximately 2.0 g (88%. 2.

t1on roduct fromthe A reaction
(appr oxﬁrthaIr?aCtlorD HpproximsteinB8py mgphitheneridelsplid from the

¢ 2 ?{dgtéggtg RBALESRAbRIS] \9@33_ 126! @Ete@aﬁme)’gl .5 r@ﬁ&ﬁ@dnone
or SPHIUR 88 k%&ﬁmx'ﬂ"%;ﬁpcw ]S %rd2 bﬁﬁg‘gglﬁ?pﬁ%?ﬁ’yfﬁ%m
st icorredpomdiag acid angsodium hydride (Huth Z@ne Aldrich)) an% S-

20 SRS EIRUE LaniftoRinmateh 0 1) AlndRPoRY HF bensénis{ean e
volstiered elnd@npﬁmwtc@prommatelmzwa foneppuoxinEtely 45
30'M|Hufe%s"ﬂ+@v Mletl?qb Qﬁga'tﬂeﬂﬁ%nﬁﬁ@ ved |ﬁ“@gcﬁé‘eanéi the

' ERSlEeh Brodughnayt be ﬁur'bagar%}rgﬂm jpsuitingsariide dgrk brswn solid
r e&@t %mfae aémmmh%iéa%%ggy Wtrpﬁe%dﬁﬁsfétﬁﬂ%c%%tbctaf & ¢4tio of
25, SPBITRIT LA 1% et el (eiuct i Qify-s e desired
( appmdnqt r(rapm‘oylm:ﬂ@ly@1@)m¢om Briohmabrrappbedsdlated bye
A G ﬁy%ﬁﬁn §opEnBREGO & HTRRY 8 ol thigrddraling solc
Al thatexnibitsidue heminescents uader 24 apd i366gum dhuaination.
ni tHAGAR @00aNPEOTDYRY.cDY6 1305 .78 wﬁrg%gw 58.Y. 6‘b5(2H

e renoy

O R 47 85 6P 3, e T & S b Lk (1H, ),
f r GB7 (e, I+ BidBizy,ruge (9IS &), hrovBH.ad,d = 17.0 and 7.2 Hz),
1.09 (9H, s).
EXAMPLE 4
The following example is used to exemplify the synthesis of Pt(t-
35  Bug-acac)(2-phenyl-benzyl-diphenylphosphine) from 2-
phenylbenzylbromide. The Pt complex can be formed using the pseudo
chemical equation, Equation (J), below.
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via silica gel flash chromatography w th hexanes/ et hyl
acetate (at a ratio of 25 approximately 8:1) as the
webaiongigol vent (product Rf = 0.7). The desi rBdI/US2003/025765

product (approximately 210 ng or 0.31 nmypl) nay be

i solated by recrystallization from anes o afford
a col orI 2SS M Crocrys IlneP OlldNa~t exh
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,J:34Hz)128(9Hs)119(3Hdd J =17.0
and 7.2 Hz), 1.09 (9H, s). EXAMPLE 4 The fEEquationg)
exanpl e 4i s» e
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bel o 4/ 016710 PCT/ USZO 025 NaAO
i, By R sty 150 ol AP
Bu@ﬂébantedﬁmmm -b@yhitidum (Aldriéh)tariBudipBenpResplithe (Strem

Lt"%\fué 12:8 esjg nll%nh&/ér%use?gﬁj (% Féé@nﬁtﬁ?% :1 brrﬁgbéfap%éé;ﬂ\é&f one

10rmt!T"nU .dfhe lﬁ?ddlﬁh &ﬁw@nafé qflﬂﬂOSpW@ﬂéxem@ pay tent_;
Al dbsthed ST cOntaEPERA Aher AP BidrRiIBNtETE 'Fﬁé‘ mifture can

Rk At iU

$E| credidnbemgy beasraictez! with @ahydﬁuemmsféa dlmhlcamln;ehthamlé

R B 2 e dh R sl My .
15bl diicateccandon evapnrated ta diynessdnaffort therirdernsediate product as

The, HPLPG%‘HfPY\/F\ﬂB sohﬁ \ﬁﬁ%ﬂq{aﬂ ﬁ@ué@d %r}mﬁ‘ﬁér E‘if]érglfstry without

apprOX| mat e
e additional @érlﬁpatwrhr'r ﬁ%ﬁ@'@@%ﬂ@&‘s@éd be @wr@xtﬂmﬂw;%é g
‘f|| gp/(gd through celite to renove the precipitated

3?9%@@% [P el asek Fad 682 BF (R 85 b8 oh
20cr udg QT 0-6v86 (3H,50),i 3123 {BHCH) Em. BEPUSMR (208 Muizf GB:Cls,
s R kL ey be' approxi mately 2.0 o (73%. '
NMVR ( 30(2. M, regoiiam.2iA pogorpf tge prmlcwrmm e\ regction
6. %pﬁr&ﬁné% 1.5 g or 4.3 mmol), platinum(!l) chloride (approximately 1.1
g or 4.3 mmol; Strem), and tetrabutylammonium chloride (approximately
25 120 mg or 0.43 mmol; Aldrich, dried in vacuo) can be stirred under
nitrogen in chlorobenzene (approximately 50 mL, Aldrich) at approximately
130 °C for approximately 10 minutes, after which time the volatile
components can be removed in vacuo. The solid residue can be
suspended in methanol, and the resulting solid may be isolated via
30 filtration, washed with ether, and allowed to dry in vacuo.

3. "C" reaction. Approximately 1.9 g portion of the crude solid from
the B reaction can be combined with 2,2,6,6-tetramethyl-3,5-
heptanedione, sodium salt (approximately 690 mg or 3.4 mmol; prepared
from the corresponding acid and sodium hydride (both from Aldrich)) and

35 2-ethoxyethanol (approximately 50 mL; Aldrich). The contents may be
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20 m, 6.70-6.85 (9H, m, 3.23 (2H, s) ppm 31 P NWR
(203 MHz, CD2C12, 296 K) 8 -7.50 ppm 2. "B"
WO 2@sniaom A portion of the product fromthe APCEHESI0BOR576S

B S URRLE htrobien ot ipreichellly 120, fr iR finatoly 45
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5 oappRpdrastdRBel asliBeralutiigsolvent @Foddt & =t 0.7, dritbthen it
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M%Qﬁﬁ)ltg"'b'i% ﬁfrﬂﬂéscém% @r&cﬁ%‘%ﬁ él‘&% %5 n? |IN1"f‘r‘ﬁH9t|or?’

I on

sol Hd\le/lRo(&OOthlzBCnDzQ& 286 K~)aa 7@-@&%(%@W 16‘:2 7 75 (3H,
102, #af 7628-?t523ﬁ‘€)‘|—h¥1|1) 3.62- 7**1%0«2@11%' @085-659B1{2HN rﬁ?bt88 (1H s),
d f
(O OEAT L 4 %H%Rdféaisaén?i“jm Bt com

Al g(aNPpP)LEamd 35 2- et hoxyet hanol (approximately 50 mi;

A e 5 ST e s o n

appooxilexit €heg IuQ@npjeDmamlp@tr(gaamble(qean -diphanylpbosphiae),
15V°'vm.brl. Bafy gﬁﬂQSQtﬁ%n‘PBBnbpSi'P gyup ngﬁﬁel THEAF ¢Bm Idecan

red produ e resul ts
mefoaaed Us# esQﬁthﬂjO Qhedn@?\ $wt§>@|, Bqugtign (K), below.
chrorrat ography wi t h hexanes/ et acetate (at aratio

of 5 apprOX| y 8: 1) as t h& ebuti vent
pr

(product Rf = ) Et ,gn i P=\can )@j%l l'ized
from hexanes.2 ﬁdngt—(*a 130
ng or 0.17 m”rrg,kl1 rray bé i sol ated as &pwrigrpcrystalline
ex ufider 254 and

solid that bitt s bl ue | um nescenc
365 nmillum nation. 1H NVR (300 MHz, CD2Cl 2, 296 K):

8 7.80-7.88 (1 H, d), 7.62-7.75 (3H, 10 m), 7.28-7.52
(10H, n), 7.02-7.13 (2H, n), 6.85-6.95 (2H Edqyatmnd®)(1

l(_I 9HS) 5) pp%L %ﬁﬁ%@én%ﬂéﬂpﬁ%pmt}ﬁéhl a(%gﬁoxﬁ%ateb 19 g or

| 20t o 36 empbl; Strerh €heymichlss, 1sClenHaA (ApproximptedixO. 5?@Olﬂ 7

1 e

Jessai) eane sthewethane (BRSPRG Rl b’s e% qa@ssed) can
(équ'ﬁ $tffed Eﬂé‘@%ﬂoﬁﬁnét@y 13@POYor a;ﬁ}’ﬁoxnmételyf 43 thinid®udder

nitrogen. 'ﬂ;'e yellow pre(r;lllp%teAmgy bré lsolated by filtration and dried
25 under vacuum to yield approximately 0.78 g of the intermediate product.
¥P NMR (202 MHz, CDCls, 296 K): § -38.83.
2. "B" reaction. The product from the A reaction (approximately
0.30 g) can be combined with the sodium salt of 2,4-pentanedione
(approximately 0.59 g or 0.48 mmol; prepared from the corresponding
30 acid and sodium hydride (both from Aldrich)) and 2-ethoxyethanol
(approximately 15 mL; Aldrich), and the contents can be stirred under
nitrogen at approximately 130 °C for approximately one hour. The volatile
components can then be removed in vacuo, and the product may be
purified from the resulting crude off-white solid via silica gel flash

26



Ph P 2 Equation (K) 1. "A" reaction.
Benzyl di phenyl phosphi ne (approximately 1.0 g or 20
W@2®4mmllq Strem Chemical s), 1rCl3.nH20 (appr oORCTIEHS®03/025765

ofhetiuephuaflfTchaCla FE A BIER el MEAERY

( a(mppmwmlateiv )35189)rmaym61nspahed a&gawb@@ﬁo%ﬂwat@éhlblts blue
Stth@ﬁé’sc%géFlmo@f'2@Etéﬂd/3é§9rrﬁuﬁﬁfnamm oxi mately 45

es _un nitro W precipitate may be
i soPdﬂMEi RP2r Mz §0254e: 296 @r%éé 2%5 under vacuumto
5 Yigkdneae exi mtely 0.78 g of the internedi ate

producty, i SR N'YRﬂflr@%&F%%ﬁ‘& sRAgtdn pf EDs ubing e frbtatiic
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anlayeo)dandmﬂ"ly'asﬁ ore elestranttranspartdaye (BT aMar) can be
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exhibits b

| u
I um nesé@nﬁdlumﬂﬁpxm(lgﬁd CQ%‘?erJ@W PUb$trRILIceR. b%‘ﬁed The
Th| A :fé}?e riYhiy h@@@'tﬂlckﬁaﬁs 19 a réngPol8p pro'in@%m-ﬁoo nm.

Tl ek @ﬁiﬁ%@%@&?‘%@?@b‘ﬂ%{] ey MR Gy RO
ab@Véa withiandmiral PVERGIsvluties toiformh adiretelactiotie pattern.
r ort laye
20} P B Bl R BB BRI B
( Emayathen)becaleabed Mramwdlatlreantgm@oméiemgent solution. The
eV%QIBIE;ﬁ’% eﬂpégﬁ@i&é‘g@sw m}ﬁﬂvmétﬂleﬁtwgte’#%uowéaw at or

(av t T
Edvgangepanol Fand then eegr%alﬁgg & %"%”r%&%%@d IE‘EIP?C?%@%B%%’OC
?um%d Lpgt used. Theb base vacuum for all of the thin
il mdepositions, m
251! SRS Geghe Tl T KB AR e QB ne
g eWQSUMmrtg"nalﬁbén thet i furaped dofvinl tomppiroxinately 196 éerd of o
r e
go@@%bﬁe g, ggﬁ‘ebégﬂ)ﬁgrgg H\%{t’thgn %fﬂﬁhéll agﬁnéﬁ%ﬁ‘ﬁ an
t h|oa¢ygerwlaanmaf¢raatgwt@ppmmt@lyrﬁtm mlrwes 26‘@%&!66\%
Suhﬁﬁlﬁé%qlagé% F&hin filfs rﬁﬁ? tideéd d@fo@ﬁédﬂ bé’&iéﬁ‘@flytdﬂﬁ) the

t
30¢ O\Arsﬁggtrﬁtq ky trgqarrg’%? p\g@éor@ ppe,ln—]maﬁly Merned me{allI 'Iectrodes of

Al may be deposited through a shadow mask. The thickness of the film
may be measured during deposition by using a quartz crystal monitor
(Sycon STC-200 available from Sycon Instruments, Inc. of Syracuse, New
York). The completed OLED device can be then removed from the
35 vacuum chamber and characterized immediately without encapsulation.
A summary of the device layers and thicknesses is given in Table
4. In all cases the anode is ITO as discussed above, and the cathode is

O
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20 Polyim de tape can be used as the mask. The
patterned | TO substrates may then be cl eaned
waikdonasomi cal |y in an aqueous detergent sol utiPCT/UIIN@3/025765
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trodes ﬁ_OSl te rough a sh
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10 duthengmd ag@%mﬁptzs Lol Eﬁ??%%éwﬁ%%%rléﬁwtﬁfrrﬁlhnﬂﬁééd&ke meter
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(5 pOERRMn 21, T BtsTRng SR e Rt dprtoln Wide 457 be

an de’(eapmrmdaby doliding tles elsctrelwpipescencesraslisnoeoditthgd.ED by
20 Tehe &E’r? té%%eﬁéﬁ q? éﬁl}%@}ﬁ@wbgeﬁ'h@ urfit fo-l“?sﬂ’lé[%r}éa/ is in

curves o neasur ed
soGK%%—neasurenent unlt 280, such as the Keithley

Sour ce- fhases@teale giveh iMMpdBle £Béiorde by Keithl ey

TSt FUITEH[b mc—of—Soto F UII U The
el ectrol um nescence radi a 10 the unit of Cd/nR)
vs. vol tage may be rreasured W|th | um nescence neter
PYP sus{4e(N, N-ditthylanainbB2armetHylpheng (e nethytphenyl)methane
BRAi + 47-diphenyh M1 0qgdHemanGaolhos at i on USA of Ransey, New
Jersey, while the voltage was scanned using the

e ey bd i heir o d ot ;@C”Fl ght |4 2
palr of |enses |230 sa 15 tg{eougH O%ﬁ Ui rc')‘gl c Lsiﬁté}%éﬁ’
I_*ru*u'ﬁpe' sed tkncurtgrh Lty '_W——gsg__a then-
Examplet cd- W|th 4 MPN: | BRAy  adMMBMEHET0AY.  AllIPeal adiance- 30
g asur enen Hy be peérforned
B Qol | ed q comput er 270. % Ffl Ci enjcyPCO?r“t ﬁ%mv

evi gf ql n vol {age can {H2PA@RIOA)N ned [{#50+590 nm);
' f L
nb\t elject rol ym nescer lﬁ(_fz%%\)ance 0 t&eeak e%ﬁciency—

0.9 Cd/A
Example 2 MPMP | DPA MPMP(510A)/ Peak radiance-
Example 2(270A) | 100 cd/m2 at 24 V
DPA(420A) (450+480+ 590
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20 the current density needed to run the device.
unit for

effici

ency is in

The

Cd/ A. The results are given

W0 pooFabd7eo 4 beI ow. TABLE 4 MPMP = PCT/US2003/025765
brst4={NNdiethytan U) —2=Treth T (&= 17 pheny
| ) met hane = 4, 7- di phenyl - Xfigzmnanthrgl %2’
Li ght Emt hiol e el gctron devi ce LED trans-péaagﬁmency_
configuratign ijntensitly orter| porter Exanple
DPA I\/PI\/P(5 /| Peak rladi ance-| 30 Exanple 1(W q7(§59//°\
t-B d/ at i APt DRPA(440A)/| (450+590 nm); {t-Bu O Rh
Pealk effldlency Rh 0.9 Cd/A Exanple 2
P(5[10A)/ Peak radijance Exanple 2(R70A)/
+-B pt 24 V. DPA(420A)/ |{(450+480+ 590 [28 WD
004/ Ol'ﬁ'?l}ithCT US2003/ 025765 { Al (720A) nm); [Peak
Explesency. O 1 WEMP I TPRTY TWPWIBEOAFT  EPapHaiiance:
1OA)/ I%’eak radijance t-B arrpl
tB (41t9A) m2 at |21 V ~FrExampla(3@000) (1BDEsg02 at 21 V
Ph CH3 |Al (720A) ci encly . ]
@ VPNP DA NPNP(Szlﬁs?k“&i&é | o LgbiBge nm)
-B Rnpl°é*34(420A)/ cd/ 2 at ARZ20AP | DPA(HPREA bfficiency-
(440+4 +Blgo t- Bu Ph'|R \Ph AI|(730A) nm; Peak
effl ciency- 0.9 Cd/A Iln the fgreﬁe[gm ng speci fichbiGiHA
Exah Z'Ve”“ O R T DR DEMPMP(520A) Peak radiance- 60
tBu. o Example 4(420A) | cd/m2 at 22 V
2; PAN DPA(410A)/ (440+458+590
&8 Al(730A) nm);
Peak efficiency-
0.9 Cd/A

In the foregoing specification, the invention has been described
with reference to specific embodiments. However, one of ordinary skill in
the art appreciates that various modifications and changes can be made

without departing from the scope of the invention as set forth in the claims

below. Accordingly, the specification and figures are to be regarded in an
illustrative rather than a restrictive sense, and all such modifications are

intended to be included within the scope of invention.
Benefits, other advantages, and solutions to problems have been

10

described above with regard to specific embodiments. However, the

benefits, advantages, solutions to problems, and any element(s) that may
cause any benefit, advantage, or solution to occur or become more
pronounced are not to be construed as a critical, required, or essential
feature or element of any or all the claims.
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with reference to specific enbodi nents. However, one

of ordinary skill in the art appreciates that various
wor@isPicai i ons and changes can be nmade 5 w t hoRET/US2003/025765

departing fromthe scope of the invention as set forth

in the clains bel ow Accorggg\q the specification
and figures are to be regar an illustrative
r at Wenat ishelaimaed ést ri ct ive sense, and all such

modi ficajiang, Sund gﬁ@ﬂgté)c?r‘ﬁgé}c%ﬁg)n%n%e I&bﬂ)

scope of inven ages,
5s0l GAMPHELES: 0 probl errB have been 10 descri bed above

\lIJVI t hf r tegélh%thpat@ﬁ%éﬁebredewmctbé@a@ SRh Howery eénd Pheand
enefits

nt a s0] uti 0 I ens,
e o AR e Bl AR S s B G ohdsphorus
sol atonoand a moprsewct@@ﬁorfea lrimneyl gmopga phedogy grc:upi, Iand a
[ U I1ca requlre or essentil a
aﬁ%@?%ﬁ @r%@ﬁtwgﬁ%{hy or all ?he clainms. 29 WO
102004/ ommwmmaamaamtammdemmmsandepreeslaapmmwl
|
Q’%rg)o Péi:éﬁ%@gdm{dea tﬁqrné g‘l‘l%ﬁ? iﬁéugmlg[aférng rtrllﬁé&first atom
Ru 'Smleqﬁ@d ffplm carenphitroged. and IYeMdr us- cont ai ni ng

bi dent at fhel pHPH AR RIONS is o NRSBRB i stSatoft 8d #sintal
grou seI ected froma benzyl group, a phenoxy group,
p?rﬂgnyl am no group, wherein: 10 the

15phosphor11|me roetdl atomrig bbhded tabsecogdmiompwperair the second
he n ' e phenyl

G caigm (s Safbcitofh dh ¥ ot QFUREBRGA Gpodpy, ™

car bon 2i Thegempeund okglgieom1, Mer@naﬂs@mtabateﬂbm gedected -
bonglgeh 1t aniime, first atomand the mst aI atom and 15

the netal atomis bonded to a om wherein the
second #tom ﬂge SORWIOYHH Oit%?im ﬁ?ﬁ eir%mﬁgetm(g;facqlﬁgurther

2phegdthpdseni m@qoaTm@mccmmumé uy‘an@ﬂ tmrmeu to\fahérmet@l bfoen.
nmetal atpm i s.sel ect ed r.om.l

conpound™of cf r%OF‘RWé‘Pe‘?fr?'?'me?’ ﬁ%ﬁ%r@d? e mP{‘R@P'O“fo
conipidestade igamdh éaselecied ftord dhenolatdsi, garidotarhdeylates, t he

rorindtaBbrdies SSIGATBE KitnBlydlidtiates #hET ™ " tNe
(3- @lﬁa{lmwhlmﬁlh@@%%oxyl ates, ininocarboxyl ates,
2§d;3|al cyl ﬁ%e$ﬂlemwgf;&binﬁ‘qt %e?éleﬁélge molecule fur(t:heg:'I -
BB Ossy RISl birdeet to B FEPL ™ 2 onor ar'e
| i gand benTee dompdendet ebinabpwherein:
the first atom is a carbon atom; and
the B-enolate ligand is selected from:

30 2,4-pentanedionate;
1,3-diphenyl-1,3-propanedionate;
2,2,6,6-tetramethyl-3,5-heptanedionate;

4.4 4-trifluoro-1-(2-thienyl)-1,3-butanedionate;
7,7-dimethyl-1,1,1,2,2,3,3-heptafluoro-4,6-octanedionate;

35 1,1,1,3,5,5,5-heptafluoro-2,4-pentanedionate;
1,1,1,5,5,5-hexaflouro-2,4-pentanedionate; and
1-phenyl-3-methyl-4-i-butyryl-pyrazolinonate.

7. An electronic device comprising an active layer comprising the
compound of claim 1.
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6. The conpound of claim5, wherein: the first atom
is a carbon atom and the Renolate ligand is

waedogotado from 30 2, 4- pent anedi onat e; PCT/US2003/025765
1, fhd: P@”Yhe’el%t;}t@%n@&é&ﬁéé%ﬁéfaﬁn? witer@irt-tetra

4, 4, 4 trthelqmtmmc devieaicemprises adigplexnand onat e:

7 7 d' rrE’chB)(:lompound s capable of havmg an emission maximum in a
oct anedi onat e;

r 35
1ramg§ Og a@bé(”ﬂ'@% %( F‘gﬁ A%OZ'J"E pent anedi onat e;
51 1, 1, 5,%, Pheetedtianic devicd of elzirars; dvimreiretheasoinpound

L Bihock 5L A Mo QUGB LIRS e oMy

conpri sity Ammmmmsbcmdpuﬂng lza¢henicaBormol2seleceucTarn
PCT #ﬁgﬁ / The el ectronic device of claim

: er efgﬁ Qﬁﬁ?@rﬁp%@t% oni ¢ device conprises a display;
and t he conpou i S capabl e of having an eni ssion
maxi mumin a /riapge of approxi mately 420-480 nm 5 9.
The el ectronijc devigg(gf) claim8, wherein the conpound
conprises at | easi /appraxi mately 20 wei ght percent of
t he actl(\1$ I a eleR m0. A conpound conprising a

0

chem cal rrrul a selected from Fornula 1 and Fornul a
2. R1L BEP RBR4n (1) R / ML) E P 10 (2)
Rs V\,hereln N seIectedfromOs Ru, Rh, Pd, Ir,
and Pt; from C(R2)2, O, and NR2; L
conpri ses a naan| |dent ate ligand; 15 R1, if

present, is I e from hydr ogen, deuterium

10hal ogen, (23l kyI \P)ﬁlet eroal kyl , al koxy, aryl,
het er oaryl , and aryloxy; R2 is selected from al kyl,
heteroalexdalzeimryl, het eroaryl, and

M is selected from Os, Ru, Rh, Pd, Ir, and Pt;
E is selected from C(Rz)z, 0O, and NR%;
L comprises a monoanionic bidentate ligand;
15 R', if present, is selected from hydrogen, deuterium, halogen, alkyl,
hetefoalkyl, alkoxy, aryl, heteroaryl, and aryloxy;
R? is selected from alkyl, heteroalkyl, aryl, heteroaryl, and
hydrogen;
R? is selected from aryl, heteroaryl, alkyl, heteroalkyl, alkoxy, and
20  aryloxy;
R? and R?® together may form a 5- or 6-membered ring;
R* is selected from aryl, heteroaryl, alkyl, heteroalkyl, alkoxy, and
aryloxy;
R® is selected from alkyleneoxy, aryleneoxy, biarylene, bialkyl,
25  bialkyloxy, and biaryloxy; and
n is selected from 1 and 2.
11. The compound of claim 10, wherein M is selected from Ir and
Pt.
12. The compound of claim 10, wherein each of R¥and R*is a
30 phenyl group.
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hydrogen; R3 is selected fromaryl, heteroaryl, alkyl,
het er oal kyl , al koxy, and 20 aryloxy; R2 and R3
wo ogedheno may forma 5- or 6-nenbered ring;, RAPCHUS2003/025765

o koxy i TRETohpoltRL A8RL 1p Bnéiein 15 s8lefrd ot g,
ar w@i@@ﬁyawwb@wmm mhikgtarbogPlatisiskiidydates, and
bi apipd unﬁ’é]%a‘?eé §n§@ ﬁl&)ﬁﬁﬁﬁlﬁﬁﬁé&oﬂ{&%cz 11. The

conpou ﬁ ted fromlr
and Pt. 2 150 “W%\S‘LHTCF'%‘W dBawherein: wherei n each of
5R3 and FEusaoarbcﬁOawmrmid group. 31 WD 2004/016710

PCT/ US2 2 e..conpound claim 10,
wher ei nqtg g‘pg'ég%@tésn?%%' n‘gﬁ@%ﬁ from:
am nocardé;pandamradionatenocar boxyl at eﬁ gg: Ikgil gggs "
osphin
%gr%ﬁp%éﬁ%bh%m?%we%%ﬁg P 5 Eis a carbon
atom ardi2i6.@deipamethyl-3. f-bepieokedianate;gand sel ect ed
ofrom 24 4Pﬁﬂlhél‘lﬁql(2ftﬁfe?| y)-1,3-butanedionate;

%, g : ph}tfag ‘JH%}‘?BM&’RQ?%E ﬁﬁ?(ﬂu@ﬁ%rﬂe@ octapedionate;
4,471 4 tri, ﬂl1|l,®,|5o6 5-r(ebtaﬂumoaz d-pbn %rﬁ(ﬁ@ﬁﬁté* ogg: :nedl na
t7 ’ ’y] 5’%"%%"%@%{@#‘1 5'li ?fé@%?aﬁ'é‘i'n on ate;
1, 1 1, 5 ’prehﬁ%’amecblwld—tzbmyWuyeamﬁnona!be and
151- phenyl1-5?> )SIﬁte'“é’cltro‘hlé dQ\HEé’ro)SILnrogl’%‘[ﬂrﬁfac pofivt fa&%%gm%?rsing the

An el ectronic device CO
corRAMRGUY! fh‘é|~'¢"”&EH;’?pound of claim 10. 16. The

el ectronig: Tiey eRtrohicdélice éﬁclaWﬁeIGe'M’rerel he

gg%éﬁﬁﬁ“??"%‘%&?&‘&ﬁ ée\régr hg&spﬁgeaﬁ ‘gﬁpal)éé’a i maX| mmin a
20 r angdhefcompmuoxi isebphhledFhaAfY amendidsion Aaximum in a
zoel qgﬁg@grgg?ﬁwrﬁ%ewlﬁbﬁbméﬁ wherei n the conpound

appr ox ely 20 wei ght percent of
t he act iVe To@/electrom@ deviemahdaiml 16pmbierain tige cGrigound
comprises at least approximately 20 weight percent of the active layer.

18. A compound comprising:

el

n

25 wherein:

M is selected from Ir and Pt;

Ph is a phenyl group;

R?is selected from methyl and hydrogen;

R®is an alkyl;
30 R’ is an alkyl; and

nis 1 when Mis Pt, and nis 2 when M is Ir.

19. The compound of claim 18, wherein each of R® and R’ are

selected from methyl and t-butyl.

20. An electronic device comprising an active layer comprising the
35 compound of claim 18.

21. The electronic device of claim 20, wherein:
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Mz RPhPh f ~R7 25 wherein: Mis selected fromlir

and Pt; Ph is a phenyl group; R2 is selected from
woreaohple7and hydrogen; R6 is an al kyl; 30 R7 iBCHIS2003/025765

aI kyI ' when Mis

Jr. qﬁﬁgi%dé%i%n %@r&iga&gﬂ@ye‘%ﬁ&each of R6

and R7 dhe cogwaspdds Cﬁpahherm‘tha)nngam emission ImaxddunAin a

el egh§®bF &p ﬁj;d”ﬁgté;}ﬁnp@)m:gloqgnan active |ayer
conprisij of claim18. 21. The

el ectro de ec%'ee?rowpﬁjqwo,@oo f Glpigt &il nwhergin thg compound
520@@1@&&@@@&@%@%#@2@%@5 wéigat péreht 8Nihe éfiﬁwbqayer
conprises a display; and the conpound is capabl e of

havi ng an em ssion maxinumin a range of

approxi mately 420-480 nm 22. The el ectronic device of
claim2l1l, wherein the conpound 5 conprises at |east
approxi mately 20 wei ght percent of the active |ayer.
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