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resent ijgve en directe
EonpoundsB trr‘?éé“g@ %‘Fﬁﬁ(ﬂi ¥pyridines, phenyl pyrimdines, and

phenyl qui nol .E@sm:mw rrake the Ir(I11) compounds, and devi ces
that are made wit I’O[tggﬁc lefeltebeli dEALB; Qtd csmﬁ Light, |§1|1c|%1 as light-emiiting d10des
that make up displays, are present in many different kinds of electronic
. equipment. In all such devices, an organic active layer is sandwiched between
15 two electrical contact layers. At least one of the electrical contact layers is light-
transmitting so that light can pass through the electrical contact layer, The '
organic active layer emits light through the l1ght-transm1ttmg electrical contact
layer upon application of electricity across the electrical contact layers.
tis ‘well known to use organic electroluminescent. compounds as the
20 active component in hght—emlttmg ledGS Simple organic molecules such as
anthracene, thiadiazole denvativcs, and coumarin derivatives are Icnown to show
- electroluminescence. Semiconductive conjugated polymers have also been used
as electroluminescent components as has been disclosed in, for example, Friend
~etal., U.S. Patent 5,247,190, Heeger et al., U.S. Patent § ,408,109, and Nakano
25 etal, Published European: Patent Application 443 861. Complexes of
‘8-hydroxyquinolate with trivalent metal i 10ms, particularly aluminum, have bcen
extensively used as electroluminescent components, as has been dISCIDSed in, for
cxample Tang et al., U.S. Patent 5,552,678. -
Burrows and Thompson have reported that fac—hus(z-phenylpyndmc)
30- . iridium can be used as the active component In organic light-emitting devices,
(4ppl. Phys. Lett 1999 75,4.)y The performance is maximized when the iridipm
-compound is.present in a host conductive material. Thompson has further -
. reported devices in which the active layer is-poly(N-vinyl carbazole) doped with
. _fac-tns[Z ~(4',5'- dlﬂuorophcnyl)pyndme-C'2,N]md1um(I]]) (Polymer Preprmts
235 2000, 41(1), 770.) ' : _
' However, there is a contlnumg nced for clecirolummesccnt compounds
havmg improved efficiency.




fl4svl e-u CENT R 150 -140 --130 WD 02/ 02714 29 Decenber 2004

PCTI USOL/ 20539 TI TLE ELECTROLUM NESCENT | RI DI UM COVMPOUNDRS WcBrhber 2004
FLUORI NATED PHENYLPYRI DI NES, PHENYLPYRI M DI NES, @ AND PHENYLQUI NOLI NES
AND DEVI CES MADE W TH SUCH COVPOUNDS 5 BACKGROUND OF THE | NVENTION Fiel d
of the Invention This invention relates to el ectrolum nescent conpl exes of
iridium(M with fluorinated phenyl pyridi nes, phenyl pyrim dines, and
phenyl quinolines. It also "relates to electronic devices in which the

active layer includes an 10 el ecdymahmeyescant NVENTIDN conpl ex.
Description of the Related Art Organic electronic devices that emt |ight,

such as light emitti nga fisPslpsct of MhainveRieR, Hete W HHViBSN offaBicRILEERL adviteMBNY
different kinds of electronic equipnent. In all such devices, an organic

active |ayer isSYERTIfSERSMITRS IWEd somBrisingat deagione iridiym eqsepozad havingay formyla
| east one of thegelgkectrical contact layers is light- transmtting so that
| i ght can pass through the electrical contact |ayer. The organic active
| ayer emits |ight through thdrl].a[.BmetyL'abpsm tting . electrical contact |ayer
upon application of glectricity across the electrical contact |ayers. It
is.well known to use organic electrolum nescent conpounds as the 20
active conponent in |ight?emh ¥ tfnbord apdes 0 arlppithethe prguise thatiol ecul es such as
ant hracene, thiadi azole derliorgtiaseGandand coumarin derivatives are known
to show el ectrol um nesceggg, v=2 R, c@nductive conjugated pol yners have
al so been used as el eiy_[gf, rgnescent conponents, as has been disclosed
in, for exanple, Friendt™&bidcpate hgandor amonadoptats ligapd, and@s not@eger et al ., U. S,
Pat ent 5,408,109, and Nakglenylgridite, ghtnylpyiintidine hephedylquiioling wikident
Application 443 861. Corrpi,,% maf S-hydroxyquinolate with trivalent netal
ions, particularly alumnu ave been ' _ .
P y M ; f‘:samonodentate ligand,ry+z=2, and
when L' is a bidentate ligand, z = 0;
L" = a monodentate ligand, and is not a phenylpyridine, and
phenylpyrimidine, or phenylquinoline; and

L2, Lb and L€ are alike or different from each other and cach of 1a,
- Lb and LS has structare (I) below: '

" wherein: :
adjacent pairs of Rj-R4 and R5-Rg can be joined to form a
five- or six-membered ring, - ‘
at Jeast one of R1-Rg is selected from F, CFap+1,
0CyF2p+1, and OCFoX, where n=1-6 and X = H, Cl, or Br, and
A=CorN, provided that when A =N, there is no Ry,
- wherein the iridium compound is present in an amount of at least 20% by weight
of the emitting layer.




extensively used as el ectrol um nescent conponents, as has been disclosed
in, for exanple, Tang et al., U S. Patent 5,552,678: BurmowWseapbed BeISON
have reported that fac-t ris(2 phenylpyridine) 30. iridiumcan be used as
t he active conponent in organic light-emtting devices.  (Appl. Phys .
~Lett. 1999, 75, 4.) The performance is maxi m zed when the iridium
..conmpound is. present in a host conductive material. Thonpson has further
reported devices in which the active layer is poly(N -vinyl carbazole)
doped with fac-tHs[2.~(4,5 -difluorophenyl)pyridine-C 2, Niridi-unCV .
~(Pol yrmer Prepri ntkase@hd 2§6€, ofﬂib(lﬂ\)enuﬂﬂ;e:)e;mw\d&randré@ﬁcﬁeléo‘&oﬁmﬁ&ﬂéei nui n
“need for i nprooved_efficjency. 1 29
Decenber ZOO%E@B%W%F@@T rh%\?nflaméiap’gr‘?{npaiﬁﬁé uggt agessithpent i on,
there is prdddedweiphtof gidedstore!compownditiat Han SseondFondilk $E16g: an enitting
| ayer conprising at |east one iridiumconpound having a formula - bel ow
~IrLaLbLexL yL" z, where: Oor 1, y=0,1Tor 2, and z = 0 or I,7Wth
the proviso that: x= Dorywe[-nﬂ' zwheny= 2t henz -0; L' = a bidentate |igand
or a nonodentate |igand(S=edRosmid)t a phenyl pyridine, phenyl pyrim dine,
or phenyl qui nol igg...With the provi so that when V is a 'rmnodent ate ligand,
y+z = 2, and when L' bi déate and = 0; U =.a nonodentate
| i gand, and is not a pq’lzﬁ@ 37 ?fé Wﬁ[h pyrl m d| ne , or
phenyl kl ui nol i ne; and Wwheny @enz=8re ali ke or different from each other

and each oflLa; Lb angs kggnmga{dtdgghm@eﬁawhgbﬂ idis nelgr ei n:
' phenylpyridine, phenylpyrimidine, or phenylquinoline; with the
proviso that:
when L' is a monodentate ligand, y+z=2, and
when L' is a bidentate ligand, z=0;

L"= a monodentate ligand, and is not a phenylpyridine, and
phenylpyrimidine, or phenylquinoline; and
L2 and Lb are alike or different from each other and each of Laand
L has structure (D) below:

wherein:
‘ adjacent pairs of Rq-Rq and R5-Rg can be joined to form a
five- or six-membered ring,
- atleast one of Ry-Rg is selected from F, CFon1q,
OCyF2p+1, and OCFoX, where n = 1-6 and X =H, Cl, or Br; and
' A=CorN, provided that when A =N, theteis n0 Ry.

'2a



adj acent pairs of RI -R4 and R6-Rg can be joined to forma five- or six
menbered ring, at least one of Rl RSis selected fromF, qg;ggag“ber2004
OCnF2n+1, and OCF2X where n =1-6 and X = H, C, or Br, and A = or N,
provi.ded that when A =N, there is no R, wherein the |r|d|un1conpound is
present in an anpbunt of at |east 20% by meight of the emtting layer. 29
Decenber 2004 In a sgg? ddas ect, of the | ention, P(ilhere i S, provided an
organic el ectronic d Sﬂﬁﬁf@ﬁqﬁfﬁﬁm’ e prgid vipetafgrmula
emtting | aéer hmmﬁh imﬁSfaa-h@i,jé,Uﬁirth(B)aOhnHeio‘@bmﬁmﬂs th%%% %eﬂé&!igbélec@efdmién | east
one conpound t at s .,a Second FEar 0 IrLaL L' yL" z Secon
Fornul a) where: & E—ﬁﬂ?!§¥ ngmm%g? aﬁ?OWPPHRPHEyﬁﬁ%WFéﬁm?Hﬁﬂ)mhen y
= 2 then z = 0; b&ow: a bldentate ligand or a nonodentate l|igand, and is
not a phenyyl pyridi ne, phenyl pyri-mdine, -or phenyl qui nol i ne; wi.th the
provi so that: when L' |s a nopodentgt e R{lgaqg y+z = 2, and when L' is a
bi dentate ligaud, =z = 0; L" = nodent\at e I'igand, and is not a
phenyl pyri di ne, and phenthyri ne, oy nyi qui noline, and La and Lb
are alike or different fro Rpf - L& and Lb has

ent paw of R R4 and RS-RS can be
joined to forma five- S|R% ered /ing, . at least one of Rl -RSis
sel ected fromF, CnF2n+1 J2n+1l, and 2X, where n = 1-6 and X = H,
Cd, or Br; and A = Cor N, provided that when A = N, there is no RL. 2a

structure (1) bel ow mhereln

In a fourth aspect of the invention, there is provided a compound having a

structure selected from structures (IV), (V), (VI), (IX) and (X) below:

n

0
Y
’H\0;>—’CF3 av)

; ‘IY/OHZ . (V) .
TN
A N’/’ 'i>\‘ |
x o’ CFs

2b



29 Decenber 2004 In a third aspect of the invention, there is provided a
conpound having a fornmula selected fromf ac-Ir(L)3, ner-dyhddetberPdo4
conbi nati ons thereof, where L is selected from group 1-aa through 1-m and
jg through 11 _v, as shown in Table 1, and has structure (I) below (I) In
a fourth aspect of the invention, there I.s .provi ded a conmpound having a .
structure selected fromstructures (TV), (\/) (VI), (I'X) and (X) bel-ow (\/)
2b 29 Decenber 2004 1 In a fifth aspect of the invention, there is provi ded
an organi ¢ electronic devige conprising an emtti ng Iayer that conprises a
conmpound sef ected fromtheffol I ow qg (i) and (ii): (1) a conpound having a
formula selected fromf acj t 1-m and g through J as shown in Table
| and has structure (1) be]l ow l2c 2P Decenber 2004 (n) a conpound having
one of strucftzres (NV), | (1, (X) below. (V) CF3 2d 29
Decenber 2004 Q In a sixt*h h ention, there is provided a
conmpound sel ected from cqgnp ds™2f Q) gh 2A, 2- f t hrough 2 29 Decenber
2004 r, and 2-t through 2-laa ),vin in: Tabl e 2, H@Ding structure (11).
below. In a seventh aspect [ '

having structure VI bel qw| whefei: - 0CH;
CF3 2
| J
F
A
W —CF,
“ N \0/—
L
CF3 /2

In a fifth aspect of the‘invention there is providéd an organic electronic device
comprising an emitting layer that compnses a compound selected from the foIlowmg (i) and (ii):
(i) a compound having a formula selected from jkc-It(L)3, mer-li(L)3, and
combinations thereof, where L is a group selected from 1-a through 1-m, and 1-q
through 1-v, as shown in Table 1 and has struciure (1) below:

2c



B WH, CH3, or C2H5; La, Lb, Le, and Ld are the same or different from each
other, and each of La'Lb, Lc, and Ld has structure (1) behqyceWierobti

adj acent pairs of R Li and R5-RS can be joined to forma five- or sine
menbered ring, at |least one of RI-R8 is selected fromF, CnF2n+1,

OCnF2n+1, and OCF2X, where n = 1-6 and X = H d, or Br, and A = Cor N,
provi ded that when A =N, there is no Rl, 2f 29 Decenber 2004 WD 02/02714
PCTI U901/ 20539 The present invention is directed to an iridium

conmpound. (generally referred "I%(II ) caqppounds") having at |east two
2- phenyl pyridine ligands in N her 2. east one fluorine or
fluorinated group on the |I iga conpound has the foll ow ng

First Fornmula: |rLalLbLcxL' yR—2
1, y =0, 1 or 2, and z = 0 or ¥
wheny= 2thenz =0; L' = a bide 3y a nonodentate |igand, and is
not a phenyl pyri di ne, pheny¥pyri xni di ne, * phenyl quinoline; with the
proviso that: when L' is a nonodentate ligand, y+z = 2, and when L' is a
bi dentate ligand, z = 0; L" = a nobnodentate ligand, and is not a ]
phenyl pyri di ne, and phenylpyriniidine, or phenylquinoline; and La, Lb and
Lc are alike or diff er enii)dcompumdbivingivhsef swcthra {87, (6, (W (X0 amd (X) '

below:

Ryheref 10 15. 20 x = 0 or
ovi so that: x=0ory+z=0and

B |

\II./OHz
N ™
(9]
F N/A }\
N o’ CF;
CF:
3 }_2

24




and Le has structure (1) below wherein: adjacent pairs of Rt-R4 and R5-R8
can be joined to forma five- or 25 six-nenbered ring, at oheRsknrpae26da
R1-R8 is selected fromF, CnF2n+l, OCnF2n+l, and OCF2X, where n =1-6 and X
=I1=l, d or, Br, and A= Cor N, provided that when A =N, there is no Rl.
I n one enbodi ment; the present invention may be directed to substituted 30
27phenyl pyri di.ne, . phenyl pyri m di ne, and phennyl qui no i ne precursor
conpounds from which the above Ir(l11) conpounds may be .nmade. The ~
precursor conpounds nmay have a strwcture (u) or-(l11) below 2 s 29
Decenber 2004 WD 02/02714 [PCTWUS01}/ 20539 R8. RO R4 5 where A and R1-R$
may be defined in structur
R13 10 at | east one of RLO4{R19-% He selected fromF, C'F2~ 1, QOCnF2n+1,
and CCF2X, where n = 1-6 a or d&, and R20 may be - H It is
understood that there is f bodt % he phenyl - pyri di ne, 15
phenyl - pyri m dine and the orT bonds. However, for the

di scussion herein, the co \ be 'descri bed (W terms of one
orientation In another enb -
an organic eélectronic dev
the above Ir (Il conpound onbifnati ons of the above |Ir (D) conpounds.
20 As used herein, the ter is intended to nmean an electrically

F
O
/ ‘\
) IK b/ CF3
“ "N \0/—
g
CF3/ 2
Ix)
3 Br
ir
“ N \N/
S g
CF/ 2 Br
X

‘ In a sixth aspect of the invention, there is provided a compound selected from
compounds 2-a through 2-d, 2-f through 2-

- o 2e



unchar ged substance nade up of nolecules that further consist of at ons,
wherein the atons cannot be separated by physical neans. 28h®=defigdy 2bbgand”
is intended to nean a nolecule, ion, or atomthat is attached to the
coordi nat -ron sphere of a netallic-ion.. The.term "conplex", when used as
"a noun,” i.s intended to nean a, 25 compound having at |east one netallic
ion and at |least one ligand. The term "group" is intended to nean
apart-of .a compound, such a substituent in an organic conpound or a

| i gand in a conplzesud 25 theough 22 ifshewmin Table 2, ihmtinprsttuddure 1) belewn one i soner of .
a conplex, Ma3b3, having octahedral geonetry, -in which the WO 02/ 02714 29
Decenber 2004  PCTI US01/ 20339 threg _ s are all adjacent, i.e. at
the corners of one face of thes -drgh. e term"neridional" is

i ntended to nean one i soner of AN 3b3 ,  havi ng oct ahedral
geonetry, in which the thre Rree {@sitions such that
two are trans to each other. cent to," when used to refer 5
to layers in a device, does not/ nekessarily an that one |ayer is

i medi ately next to, another Bﬁyer. t he otter hand, the phrase "adj acent
R groups,” is used to refer to R groups that are next to each other in a
chemcal fornmula (i.e., R groups that are on atons joined by a bond). The
term "“photoactive" refers to any material that exhibits

el ectrol um nescence and/ or photosensitivity. 10 DESCRI PTI ON OF THE DRAW NGS
15 20 IrLalLbL' yL"Z (Second Fornula) where: Y, z, La, Lb,L', and L"are as
defined in the First Formula above. Ir(JU) conpounds having the follow ng
Third Formula is also frequently referred 25 to as a tris-cyclonetal ated
conpl ex.: frlLalLbLc. (@ThseventiFesneet ofthaipepton, there ippravided & coprougd hiydds ned in

the First Fornugémgggghhgﬁgnabove.

* wherein:
' B=H, CHj3, or CoHjs;
[a,1h, LS and Ld are the same or different from each other; and
each of 1.2, Lb, LC, and L.9 hes structure (I) below:

wherein: :
adjacent paits of R1-Rq and R§-Rg can be joined to forma
five- or six-membered ring, '
at least one of R-Rg is selected from F, CFop+1,
OCpFon+1, and OCFoX, where n = 1-6 and X =H, CL, or Br, and
A=C orN, provided that when A =N, ther is no Rj.

2f



30. 35 Figure 1 is a schematic diagramof a light emtting device (LED).
Figure 2 is a schematic diagramof an LED testing appar at y9.pddehfvelEEh4
DESCRI PTw@oth271HE PREFERRED EMBODI MENTS The Ir(111) conppg%ﬁﬁgo}g;ob} Je
invention have the First Fornmula Ir(lll)LaLbL CL'y above ove
Ir(1l11) conmpounds are frequently referred to as .cyclonetal ated conpl exes:
lr(lll) conpounds having the follow ng Second Fornul a i s al so frequently

referred to as a l’l’&;ﬁ%éjn?iﬁ%&icﬁitﬁgn&%@{o%md%ﬂﬁs ? %om&t al at ed

conpl exes are neu non-1onL¢c, and _can Thin

films.of the&de %&E SHNBPYREY )\haé{mga?élﬂaﬁﬁwab%abwﬂmd@qhgwds #ood to

excel | ent el e.(hidmﬁllsfé i8 esﬁﬁﬁtton.@ TRBghHE bﬁﬁuorld&id&?g% f)lﬁghree]iaﬁ;agtfsll g‘gt H{lﬁﬁm

substltue§1ts nto t ggrﬁjs on I|#§TII’I ium a

~stability and”VBYat %7‘ twine EBFdosRB: As a result, vacuum deposition

‘can be carried out at |OV\BYEE%W£€S and de@'mpmmd{a)n of the

conpl exes can be ygypi.ded. Introduction-of fluorine substituents into the

| i gands can often reduce: the non-radiative decay rate and the.

sel f - quenchi ng phenofen8wrilny t{e 1 053} indl ¥ 4tas 1, wWithGhOprwisoehat2004 WO

02/ 02714 PCT/ US01120539 x Ihyeys £ £dycdhigons can lead to enhanced | um nescence

efficie . Variation of substl uents with electron-donating and

el ectro&%\{nthdraw ng propeEY egtg?q%wga for fine-tuning of '

el ectrol uni nescent pLUparbﬁdﬁfat@ﬁgddﬂQ)erwaBﬂtaw%aB&”aﬁﬂ isapid M zation of

t he brightness and effic g G (?l{lan eI ctrol m nese devlceWHﬂS1 \Whi | e not

wi shing to be bound by B %¥§ PR Pﬁ@ﬂ%ﬂq’ﬁﬁp FYAERG e the om t he

i ridium conpounds is |iguendshteed, resulting fromnetal-to-1i gand charge

~transfer. - Therefore, conp -um nescence

i ncl ude glshose of conpounds g’fmg%efs%eco @%H’YQL Eb‘{? yL "Z above, and

the ThilPd Fornul a |rLalLbLcWhemhbisa lmf@hgmd,Za-O,Lb and Lc in the Third

Fornula are 10 phenylpwd &b enyd qui nol i nes. The
N and tﬁﬁeu&%{n&ﬂ% 2

Rl - R8 groups of iltruft urea@glgrp% nyl& oIme R groups of

structure (I111)
, La, Lb and L¢ are alike or different from each other and each of L2, Lb

. and L¢ has structure (I) below:
20 '
Ry @
wherein: | o
. adjacent pairs of Rl ‘R4 and R5~Rg can be jomed to form a five- or
25 - - six-membered ring, . . : ' '

~ atJeast one of R;-Ry is selected from F, Cannﬂ, OCannﬂ, and
OCF3X, wheren = 1-6 and X =H, Cl; or Br, and -
A=CorN, provided that when A =N, there is noRy.
_ In one embodiment, the present invention may be directed to substituted
30 ,2—phenylpyndme phenylpymmdme and phenylquinoline precursor compounds
 from which the above Ir(IIl) compounds may be made. The precursor compounds may
_havea structure (D) or (II) belovv‘



chosen from conventional substitutents for organic conpounds, such as

al kyl, al koxy, halogen, nitro, and cyan groups, as well a¢ ddcdriber 2004
fluori natwd ealobeil and fluorinated al koxy groups. The groppssifhos
partially or fully fluorinated 15 (perfluorinated). Preferre Fridium
conmpounds have all RI-R8 and RIO-R19 substituents selected fromfluoro,
perfluorinated al kyl (CnFZnR%) angy, per%uorlgat ed al | coxy groups
(OCnF2n4l), where the perflu ed al a al | coxy groups have 1-6
carbon atons, or a group of t} rrrula EEZX, where X =H d, or Br. 20
It has been found that tig—e e : Ioaoertle{ﬁ)of t he

shen any one or nore of the R
R8 and RIORI9 groups is a_nftro group hekefore, it is preferred that
none of the RI-R8 and R 0-R&9 grcﬁyps is a niRyo group. The ni trogen
containing ring can be a pyridine ring, a pyrimdine or a 25 quinoline. It
is preferred that at Q}g@g&aﬁ;@l 14 uer}ﬁgﬁglﬁg@ﬁdrgmggovbs on the

ni trogen-containing ri ng nost_preferably CF3. Any conventional |igands
known to transition @#8¢BsmeveeHi nati on cheni stry is suitable as the L' and
L" 1i gand§ Exanpl es of bidentate |igands include ‘conpounds havi ng two
coordi nating groups, such as ethyl enedi ami ne and 30 acetyl acet onate, . whi ch
may be substituted. Exanplges ofR{goméjeri tgfne | i gands i nclude chloride and
nitrate i ons and nono-am nas. isp ef red that the iridi um conpl ex be
neutral and sublinmable. |f ' ' '

have a net charge of Rigtus - — ) We—{onodent at e Ilgands are used
they should have a conbi n ] (' QUS pone (-1). The

bi s-cyctonetal ated 35 co exey_can be usSe i n"prepari : :
tris-cyclonetal ated cong!gexes Rasere the r§ands are not all the sane. In
a preferred enbodi nent, the iridium coRp ‘ the Third Formul a

| rLaLbLC as described above. 29 December 2004 WD 02/ 02714 PCT/ USC]/20539
In a nore preferred embodiment, La = Lb = Le. These nore preferred
conmpounds frequently exhibit a facial geonetry, as determined by single ,
crystal X-ray diffractjiap: in which the nitrogen atons coordinated to the
iridiumﬁfetrans : ,

at least one of R10-R19 may be seloctod from F, C . Fppniy,
OCFop4}, and OCF,X, where n=1-6 and X = H, Cl, or Br, and
RZO may be H, ' '

It is understood that there is free rotation about the phenyl-pyridine,

157 phenyl—pynnndme and the phenyl-qmnohne bonds. However for the discussion _

" herein, the compounds will be described in terms of one orientation.
In another embodiment, the present invention| may be directed to an organic
electronic device having at least one emitting layer comprising the above Ir(1ID)

_ compound, or combmatlons of the above Ir(IIT) compounds.

20 - Asused herein, the term © ‘compound” is intended to mean an electncally
uncharged substance made up of molecules that further consist of atoms, wherein
the atoms cannot be separated by physical means. The term “ligand” is intended
tomeana molecule ion, or atom that is attached to the coordination sphere ofa

. metallic ion. The term “complex”, when used as a noun, is intended to mean a

25 . compound having at Jeast one metallic ion and at least one ligand. The term
“group” is intended to mean a partofa co'mpound; such a substifuent in an
organic compound or a ligand in a complex. The term “facial” is intended to

_mean one isomer of a complex, Masbs, having octahedral geometry, in which the

"3



with respect to carbon atons coordinated to the iridium These nore :
preferred conpounds have the follow ng Fourth Forml a: fagDekémBiE2004
(Fourthvoonmud7a where La has structure (1) above. 10 Thpce@RPOMRSS can
al so exhibit a neridional geonetry in which two of the nitrogen atons
coordinated to the iridiumare trans to each other. These conpounds have
the fol | owi Hgeri ¢t grorps anglall:adineent, i.¢.raf thee) @ndrFof bie faoe ofitha)octahbdroher e La

has St uct UM drin HENGond 01 GHABLER ALl GIDANAS AL oLl £, Formil & ahd

Fifth Fornu above e given | n Tab 0 / .
AR1R2R3R4RS5! e L DY 1 oo M \BEOUPS PCH@HHOReHIdRIHtoaT t h

1- cCHHCF3 HFchﬂ-HHEDth dte fraplCidHdabir biaF-OUh4 ﬁhr%s@qcf:%@%%@':@ riseH S fofer

1-f CHHH @gﬁgrt h 1Hg HHH FHFour CFHHHHHFour  h
1-i CHH e o‘E}?"luh that i esme e ReH
1- 1CHHCF3 HHm?ﬁkﬁdwetrh Ob-thiNetheF i did o aret hdjhcqﬁlﬂ-@fﬁbtm-ﬁemf@urt h WO
02/02714 29 %@gou%@ %t are next to each other in a chemical formula (ie,R groups
: that are on atoms joined by a bond). The term “photoactive” refers to any

material that exhibits electroluminescence and/ or photosensitivity.
- 10 DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic diagram of a light-emitting device (LED).
~ Figure 2 is a schematic diagram of an LED testing apparatus.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The Ir(III) ‘compounds. of the invention have the FlI'St Formula
15 Ix(IDLALPLSL'y above.
' The above Tr(IIT) compounds are frequenﬂy referred to as cyclometalated

complexes: Ir(Ilf) compounds having the following Second Formula is also
ﬁ'equenﬂy referred to as a bis-cyclometalated complex.:

20 IrLaLbL' Lz ' (Second Formula)
where: : ' ' '
jr, z, L2, Lb,L’, and L"are as defined in the First Formula above.

7 - Ie(1IT) compounds havmg the followmg Thu'd Formulais also frequently referred =
25 toasa tris-cyclometalated complex.:

| - RLALPLe . \ (Third Formula) |
where: : Lo - L e
L2, L and L€ are as defined in the First Formula described above.
30 . _ _
The preferred cyclometalated complexes are neutral and non-ionic, and
~ canbe sublimed intact. Thin films of these materials obtained via vacuum
deposition exhibit good to excellent electroluminescent properties. Introduction
 of fluorine substituents into the ligands on the iridium atom increases both the
35  stability and volatility of the complexes. As a result, vacuum deposition can be
carried out at lower temperatures and decomposition.of the complexes can be
~ avoided. Introduction of fluorine substituents into the ligands can often reduce

the non-radiative decay rate and the self-quenching phenomenon in the solid state.



PCT/ USQL/ 20 39 TABLE 1 Conp ARZ R2R3R4R5 R6 R7R8Fornul a ound Il 1-r CHOCH3
HHHHCF3HFourth . Fourth 1- sCHHHHFHFHand Fi fth 1-t CHHCF3HHe& HebEfbEr 2004
- UCHHCF3HIaF#I2f 14 1- vCHHCF3H HHFHFI ft h Exanpl es conpounds pefr/dig2&860nd

la |IrLalLbL'yL"Z above i ncl ude corrpounds lin, 1-0, 1- 1-wand 1-x,.
respe n (M), (ID) and (X) below 5 O

0725 Decenber IDUSA DB radiomER SRR 3G cs Giclngy Y athsos of i um
conpl exes - of tﬂiﬁhﬂi&h{s&nﬁﬁléﬂﬁo@%}}dgﬁhﬁg %Iﬁﬁgﬁﬁwgﬂhgrn Wﬁﬂ%ﬁeﬁ gﬂ@@?r ed from
021 0271420 D% SRR854 onEo PRt Y PP e hvRsI and s
substituted 20ptph3a§r¢mqﬁthdbng]ﬂness mhdmfﬁ@ymoyﬁn(in @mﬁomﬂnegggﬂruémg nol i nes
as shown isn Struct hfe(lot biBRRE beHotind yRELor ory, 'it fs%eﬁg\%g{ th the cmission -

- . from the iridium compounds is ligand-based, resulting from metal-to-ligand
charge transfer. ‘Therefore, compounds that can exhibit electroluminescence
include those of compounds of the Second Formula IrLal bL. yL'"z Vabove and the
Third Formula Is1 2L.PL¢ above, where all L2, Lb, and 1€ in the Third Formula are

10 phenylpyridines, phenylpynm1dmes or phenylquinolines. The R;-Rg groups of
structures (I) and (II), and the Ryo-R1g groups of structure (I1I) above may be
chosen from convcntiox_lal substitutents for organic compounds, such as alkyl,' _
alkoxy, halogen, nitro, and cyano groups, as well as ﬂ_udro, fluorinated alkyl and

fluorinated alkoxy groups. The groups can be parﬁally or fully fluorinated

15 (perﬂuormated) Preferred iridium compounds have all Ry-Rg and Rjp-R1g
substituents selected from fluoro, perfluorinated alkyl (C Fy,.1) and
perfluorinated alkoxy groups (OC,Fop4), where the perfluorinated alkyl and
alkoxy groups have 1-6 carbon atoms or a group of the formula OCFzX where
X=H, Cl, or Br.

20 - It has been found that the electroluminescent properties of the
cyclometalated iridium complexes are poorer When any one or more of the Ri-Rg.

~ and Ry4-Ryg groups is a nitro group Therefore, it is - preferred that none of the
- Ry-Rg and Ry0-R1g groups is a nitro group. ,
o The mtrogen—contammg ring can be a pyridine ring, a pynmldme ora
25 quinoline. Itis preferred that at least one fluorinated substlment is onthe -
- nitrogen-containing ring; most preferably CF 3. '
Any conventlonal ligands known to transition metal coordmauon
: chemlstry is suitablé as the L’ and L" ligands. Examples of bidentate ligands o
, include compounds havmg two coordmatmg groups, such as ethylenediamine and.
30 acetylacetonatc which may be substltuted Examples of monodentate ligands -
 include chloride and nitrate ions and mono-amines. It is preferred that the jridium
complex be neutral and sublimable. If a single bidentate ligand is used, it should
have a net charge of minus one (-1). If two monodentate ligands are used, they
Co should have a combiﬁed net charge of minus one (-1); The bis-cyclometalated
35 . | ‘complexes can be useful in preparing tris-cyclometalated complexes where the
S ligands are not all the same.
' In a preferred embodlment the 1r1d1um compound has the Third Formula

: TrL2LbL.C as described above: _
5



excel l ent yield, usi ng't he Suzuki coupling of the substituted

2-chl oropyridine, 2-chioropyrimdine or 2- chloroquinol iZeee¥ettber 2004
aryl bor onW® @dizditdas described in 5 0. Lohse, P.Thevenin, Epcidsiveesh

Synlett, 1999, 45-48. This reaction is illustrated for the pyri(clii ng I .
derivative, where and-Y represent substituents, in Equation el ow
10 (HO) 2B [Pd] Exa @gf%wregﬁrfﬂﬁ‘eﬁmwwi Lit=38q b phagsy npsye prqu%e

conpounds,  heothpgngs Gidntly exhibl) a SeoN Seorddis/, 8 ¥8Bmhed BPkHoR Qolaw TABLE
2 grrpoundARl 2. 4 5%%R7I?ee . BOHH 3HFI—TﬁHH “b H?:FB%HCEBH‘E@
2- ¢ CHHNO2 HH ﬁﬁﬁ%&%&ﬁcﬂk Bl éﬁﬁﬁfﬁrﬂ%‘iﬁ@% ® hesidemARirepH 2- g
. CHHHCH3 HHF HHwth hédipbtbbiaito R at G-t (OFHHREE 3O iddjudt. - Tk tdrbbteferred
2- k CHHCF3RHHF, =3 HH émﬁ,ﬁ%& HH. . HFHH 2- . u, CCF3HHHHHFHH
2-0CC F 3HHHCE§B%ﬁE}S%{%E? P 02/ 02714 29 Decenber 2004
PCT / USOL/ 20539 - | : ‘
~ Jac-Ir(L®)3 . (Fourth Formula)
“where L2 has structure (I) above.

al

10 The conipounds can also exhibit a meridional geometry in which two of the
nitrogen atoms coordinated to the iridium are trans to each other. These
“compounds have the following Fifth Formula:

_ mer- Ir(Iﬁ)_; ~ (Fifth Formula)
15 _ where 12 has structure (I) above. =

Examples of compounds of the Fourth Formula and Fifth Formula above

‘are given in Table 1 below:

20 .
TABLE 1
Comp | A {R;| Ry R3 | Ry | Ry} Rg Ry | Rg | Formula
ound S 3 g _
la | C|H IH |CF | H | H|H 'H | H | Fourth
b [ clu |® CF, | H | H |g - |F ‘H | Fourth |
1< | ¢ |H |H Ch | H |'F |[H: |H |'H| Fourth
1-d C {H |H H [|[H[I'F|H |H H | Fourth
le ['CIH |H |CF |H | H|cF |H |H]| Fourth
fjc|u B |H | H|H|C (H | ul Fouth |
1¢ | ¢ |H |H H |#alglg ¥ | H!| Fouh
1h | C|c|H |cr |H | H |H H H | Fourth
i | ¢ lu |HB CF; | H| H |B |0CH; | H| Fouth
1§ |cluH |cr |H|H]|P H 'H | Fouth |
1k | ¢ [H |H NO, |H | H|cks |{H | H| Fourth
i1 | ¢ |H |H CF; | H | H|H |OCF; | H| Fourth
Ilm | N |- |CF, |H |(H | HI|H F | H| Fouwth
l.q | C [H [H CF; | H | H |oCcH; |H H | Fourth

=



TABLE 2 ConpoundARLR2R3RAR7RY 2- qN- CF3HHHHFHH 2- 1 OC1HCOF3HHHHHE.
2- S CHHCOF3HHHHHH 2- t OO HHHFHHHH 2- v CHHCF3HHCH3OHHH 2- wCH

Rlpakbhos

2- X CHHHH. WBRRd2 214 y CHHCF3HHFHFH 2- 2 CHHCF3HFHFHH 2- aaCHHBr HHpBi iy 3£ xanpl e
5. .

of a substitut

ed

phenquU|noI|ne conpound

haV|ng

tI‘UCtU
0

re (III)

above, is conpe W R - 6_.ang -R20__=
H 5 The 2- phe=ny| pyr| d| nes, pyr| m- d| nes, @h qU| noI i nes t hus prepar ed are
used for theisynthgsts tjre L,yL,l otretgtat-ed—+-eum \“”“J X665~

conveni ent onﬁgéﬁﬁb #btﬁBd hafzbe¢nRde d&ppeBse IRyi g Bs Rﬁléﬁdﬁ@dﬁ
avai l abl e iriji@ﬁmtrichlarlde hydr at e|and isi | ver trlfluoro cetdte. The
reactions are[generait ﬁ;rie*tru' W tih—an excgss—of-rZpheayrpy-dihe;
pyri-m di ne, ot—gi#ndli‘ne jf@éﬂlﬁ%ol eht .| iFh_tHe 10 IQFF%SGHCH af Faurth
equi val ents o} lAggG:OCFB. HThig reac¢i on{ig il lpustgat edJ r a, ‘Fourth

2- phenyl pyridine in EquaLti on (2) below |1rd|3, OCOCF3  190- 1]9_%( 1landhe
iris-cyclonetplatedjiridi umjconpl ekes were ifsol afed, purified, and Iﬁ'ﬂ&qll
characterized} b | ¢ t 3 IyS|' TH and [T SpecITal[dat= '
for, conpoungaﬁfgu,n?pcfh ﬁg —€ ‘Cﬁél, ﬁ?xsggf =ray ffrdac % nISmU spbme
cases, m xtufed-wf [i o i@e obi €Fged. HOt @ ftHe m xFure dag be mged

W t hout isolafli t hed ndipvilgwal 1B rs. 71704 cenmper 20042 714
PCT/ USOL/ 205391~ il a2 0 i B il 1 | Fifth

Examples compounds of the Second Formula IrLaL by ! yL", above include
compounds 1-n, 1-0, 1-p, 1-w and 1-x, respectively hawng structure (IV) V),
 (VD), (IX) and (X) below:




The iridium conpl exes having the Second Fornula |rLaLbL’

may, in sonme cases,

yL"Z above,

be isolated fromthe reaction m xtur es9$jedembledaANe

synt het i cWPH30&ddr es as preparing those having Third For nmulpat/ddokassas.c
The conpl exes can al so be prepared by first preparing an
r having structure VI
B

above.
internediate iridiumb5 di
L La/ \Q \Ld I
be the sanme or different
structure (1) above.

phenyl pyri ndi ne or phenyl
useful iridiumdieter is
bel ow. 20 This internedié
addition of ethyl acet o3
also relates to an elect?
| ayer positioned between
| east one | ayer. of the dg
i nvention. Devicesfrequen

B 10 whe einF

The {i
reacting iridiumtrichl orfi

vi ceTl nc
tly fpve

transport | ayers.
has an anode - | ayer
| ayer . 120 11 29 Decenber

A typi!

cal sttu

110 and a cath
2004

H1

| U

i

c

beloww B bl L~1Ir/O/
CH3, or C2H5, and La, Lb,Lc, and Ld can
ot her and each of La, Lb,LC, and Ld has
eters can generally be prepared by first
drate w t he 2- phenyl pyri di ne,

1 NaOB. One particularly
having - structure VI1I
repare conpaynd jp by the
Devi ce The present invention

e conprising at 25 | east one photoactive
i cal cot¥@dis | ayers, wherein the at

des the iridiumconplex of the

ddi tional hole transport and el ectron
Bre is shown in Figure 1. The device 100
de | ayer 150. Adjacent to the anode is a

10

The-iridium complexes of the Third Formula IrL2LbL¢ above are generally
prepared from the appropriate substituted 2-phenylpyridine, phenylpyrimidine, or.

8



WO 02/ 02714 PCTI USO1 /20539 conprising hole transport material. Adjacent to
the cathode is a |ayer 140 conprising an el ectron transpootDdteider 2004

Bet ween tW@ B®RHE4t ransport |layer and the el ectron transpoeCTiusyezosss t he
phot oacti ve Iayer 130. Dependi ng upon the application of the device 100,

t he hotoactl er 1 n be ting layer that is activatéd
by alr[: appl i ed® @é@‘? ui&‘eégb e‘f%PLg@hPm[BrW?SEP y&%l}@@@d@es and

'] ght emtti q@eﬁyhpﬁﬂaiﬁi@e,rmehd)mﬁi $ﬁ1|mu&e|(H)'ﬁ1$ov@I are R §paed, mgchﬂttor e;ponds to
radi ant ener tes na r i as

vol t age (sucﬁe\&acgﬁﬁlgnﬁ%qu’r\%%% §B{'§?)ﬁ0‘l1%‘§1§,95?%% Eﬁ@t%&@?ﬁ’g’ﬂ % ncl ude
phot oconduct |%ehlompy$1m§hmtmﬂe@ﬂmmolummmmwhmsﬁchmstdemmmdlust ors, and
10 phot ot ubesy, 1 G, PROLOUEA AR RYSE 5,80, 1885 %448 ”T%gégacﬁgﬁgg' be in

Mar kus, John, ronj cs nics
(MG aw Hi | |, Ipsteated fpahe pyqfh@e dw@rlmnvalmmSY éﬁpr@ﬁﬁét subs@nentarinar e

partlcularlyiﬂﬁahuh(ﬁﬁb&@w photoactlve material in |ayer 130, or' as

el ectron transport material in |layer 140.  Preferably the iridium :

conpl exes of the invention are used as the |ight- enlttlng 15 material in

di odes. It has been fq he fluorinated
Iayer that

conpounds of the i i 1 iluent in
' ;‘r ght iridium
@l weight [

order.-to be effe

conpound, based on t 3 _

conmpound, can be used as the enitting |ayer. ThIS is iln contrast to the

non-fluorinated iridiumconpound, 20 tris(2-phenyl pyr it e) iridium(l1l),
ese

whi ch ‘was found to achi eve maxi mum efficiency when p 'n an anount - of
only 6-8%by weight in the emtting layer. This wasigg Sary to reduce
the sel f-quenching effect. Additional materials can be present in the

em ttingihayer with the iridiumconpound. For exanple, a fluorescent dye
.may be present to alter. the color of em ssion. A 25 diluent may al so be
added. The dil uent ?@&P%Oa?B’éqnylﬁé(ﬂﬁ@le@&fl@rﬁ@nﬂmahdlasGOJppDB}&(dN. - vi nyl

car bazol e) ahdva@lmsmk@(m abobe, aAgiobs M DS $BRK;  nol ecul e, such as

4,4'-N, N -dicarbazol e biphenyl or tertiary aronatlc ani nes. Wien a dil uent

is used, the-iridiumconpound is generally present jn a small anmpint,
usually Iess than 20@6by melght prﬁﬂﬂmably | ess than 10@6by melgmt, hased
o, be b el L T8, 5L VPSSO, PR T ) e
- f2a C |H H |cr|a |F H H |H
2-b cC |H H CF3 [H |H |CcF; - |H H |H
2c c |lg I|m NOo, |[H |H {cr; |m H |u
2-d C |H H CF3 |H |H |F H H |H
2-¢ clmg |m crs [B | |H CH;0 |H |H
2t cla |= cis o | |8 |H  {m |H
l2g c g g |m |om|u |= F H |H
2 Int~ |g |u g |u |= F H |H
2. lc g dm cr; |l |H |m CF0 |H B
24§ N |- CF; |H |H F |H H - H . |H
2% ciH H cF3 |H lu lum F H |H
21 C |cry {H H |H {H |H H H |H.
2-m J4c la H CFy |H H [H- F {H |H
21 C |cFy [H - |H !H | [H F 1B |H
20 clck |H B |H | |m CH0 |H |H
2-p Cc {cl H CF3 |H |H |H - CH;0 |H |H




~isoneric form or mxtures of different conplexes nay be present. It wll

be understood that in the above di scussion of COLEDs, the2¢eegembbe2004 di um
conmpound” wicstz’metetnded t o enconpass m xtures of .conmpounds anffesdizeswrs. 35
To achieve a high efficiency LED, the HOMO (highest occupied nolecular -
orbital) of
function ofl_the anode, the LUMO (| owdsBLER- occupi ed nol ecul ar orb| tal) of

t he electr(m, splog t te ul deal i htH wor ki fun¢tioh of the
cat hode. 1 Araugjﬁeﬁi?wluél i%?104 kza@ r}%ULl}J{. SO+ gg%uu \_“Ig... i{. '
conpat i bi |l |1§)&a.nd_sjtﬂh ti ohtHse t He erlithl s ar®e al sioi npért Ant
consi deratifons-in selecting the el Qﬁ:grog a dI-IhC|E? trarﬁport Igfrat( E:I als. The
ot her layers i the can] be tgde T of —any; matferiats—which—are wn to

be useful ilfSsuch | ayers? ThieHanod€F310H i o Bn |8 ectr|dlle t hal | B
particul arljyteffici gnt far ijgectijng pogitijve dharge q@rrlerﬁ. 'fy cpn be
made of, fqr " “examplie rTeri@ars contai i ng ja meta, T xed-net=at
al | ay, - met al 2y Yoxide drnitted-1 Bt all GHaildd —drHi 1 @R Hé a cddfluct Eng |
pol ymer. Suyiztabl e natal|sui nclerle tfhe ([@roug i1 |net al s,cfghe et a f ih G oups
4, 5, and and the -LJSUD' 9-10 tlr;rﬁnm 0 rars i thg anmoge—s to be
light-tran 2"}—("fng N A1 oxifes 1 upd 12 1¥0 13 {dhd 18 petal s,

such as indgmtin gd arje gengicat | yHusqds e | URAC nynber|ag jsystem
i s used thi ghout gr.e the,groups flr,om tfhe I odijc, Tablje. afe nunbered
fromleft tgli % }‘ES (‘:HD" ‘@3‘ G}E of r}ghtg—sua_%and lﬁws Hs | 815t

O uIIL A\~ A\ | TTO

Edi tion, 2088 . The ahcd%é 1101 may | 8k sq KonyH s¢Han organi ¢ | Aratewi gl such
as polyaniline as described in "Flexible i ght-emtting di odes nmade 15 from

sol ubl e conduct i NngHROL IR leofé\%bgﬁt%géﬁoi Rhéﬁf}q%ﬂ&ﬂf&? Omﬁ’zt%ﬂ%iﬂ"‘t ne 1992)

At | east one of the_anode and catho
transparent tBUucHrgd E‘]PFéveg’ér?@F@P Mi¢hohasR witys 6Fg ead Iﬁmahmw of hoIe
transport naRgg-RbLG=TOr Iayer 120 have been sunmarized for exanple, in

I8, p..83- 858”5&3%62"3% PSR 5 ORS ety HRalBet (g ProgReb iding
p0| yNners- can Tircthg sgnthes(ibnfmhn kcy: clmeﬂldmi Eldl‘ﬂtllﬁﬁﬁ pplexcNgA dﬂiﬁb@ﬁbﬁt@)ﬁei&t@)
N, N-di phenyl :Dhhg RisHedn g@@réﬂﬂeﬁ@ﬁ:@fJ) L:&m}neraw S abic b idivm trichloride
- hydrate and silver trifluoroacetate. The reactions are generally carried out mth an
- excess.of 2~phenylpyr1dme pyrimidine, or quinoline, without a solvent, in the
10  presence of 3 equlvalents of AgOCOCF3. ‘This reac’aon is ﬂlustrated for a
' : 2—phenylpynd1ne in Equation (2) below: =

IiCh, AgOCOCF; _
190-195°C

15 The tris-cyclometalated iridium complexes were isolated, purified, and fully
- characterized by elemental analysis, 'H and 19F NMR spectral data, and, for
- compounds 1-b, 1-¢, and 1-e, single crystal X-ray diffraction. In some cases,
- mixtures of isomers are obtained. Often the mixture can be used w1thout 1solatmg '
. the individual isomers.

10



diamine (TPD), 1,1-bis[(di-4 - tolylam no) phenyl]cycl ohexane (TAPC),
N, N - bi s(4-net hyl phenyl)- N; N -bi s(4-ethyl phenyl)-[ 29 December 2004
, 1 - (3, 3walometiw! ) bi phenyl] 25 4,4' -diamine (ETPD), 01/20539
t et raki s- (3-met hyl phenyl)-N, NN, N =2, 5- phenyl enedi ani ne (PDA),
a- phenyl - 4- NN- di pheﬂﬁéj am nostyr ene (TPS), - (di et hyl arni no) - benzal dehyde
di phenyl hydrazone ( i umﬁﬂrphlemslhmg\‘éle(SEE@s)dmeﬂhLﬁL%' YL, above,

di et hyl-am no) mé ”ﬁtsbi’ﬂel%'a% I haue i phenyl 3-
[ p- (di et hyl am r%%styr yté{s{?]gtegﬁ élﬁ)n@%g dgﬁ%‘l‘rﬁ“e ﬁ‘gztgpm (PPR or
DEASP), 30 1;% %‘i‘%‘ AT S H 1@59 hy‘dyg ﬂbbdﬁanaul(am}mc above.

N,N, N, N -tetTh:kcaﬁ emtdawa}so% ared By Hrsth (TTB),

and porphy5r|n ﬁl ﬁ&'ﬂ L@?ﬁ% cop}[r)er p% hal %%/glﬁ?r%écdglgm% used
hol e transpor ng p cgturg O™ vi nyl car bazol e,
(phenylnethyl)poly5|lane and polyaniline. It is also p055|ble to obtain
hol e transporting pol ynmers by doping hole transporting nol ecul es such 35 as
t hose nmenti oned above into pol yners ch as polystyrene and pol ycarbonate.
Exanpl es of el ectron transport terl |'s for layer 140. include netal -
chel ated oxi noi d conpounds, such. as IDi s}ﬁ hydr oxyqui nol at o) al um num

(Al ga); phenanthroline-based cor% nd If such ‘
2, 9-di met hyl - 4, 7- di phenyl -1, 10 LS/ZQCDé cyber 33’6‘2 WO 02/ 02714 PCTI USO

1/ 20539 phenant hrol i ne (DDPA) or 4, 7-Bi phenyl -1, 10- phenanthroliné (DPA)
and azol e conpounds such as, 2 -(4-bilbhenylyl)- 5 (4-t

butyl phenyl) -1, 3,4-oxadi azol e (PBD) and 3-(4-biphenylyl)-4 phenyl 5-(4

t- butylp gnyl) -1,2,4 triazole (TAZ). Layer 140 can function both to
facilitate electron tr "ﬁl%eﬁ and al so serve as a buffer 5 | ayer or
confinenment |ayer to preventhm‘gr@Métw Htaﬁexmton at layer interfaces.
Preferably, this |ayer promitaeé g eCtZ@{] |41 and _reduces excitors -
quenching. = The cathode 150 ?3535 ¢ or ifferang gy gaghef f i ci ent
for injecting el ectron@‘fhﬂranfég@dmafd.achbigﬁamﬁndr has@:mcﬁhe(g&bbwe can be.any

for the ¢ ”°”“E@E%m%o&£ SPABRLYE brondEl hed AR iR ot ) °
Li, Cs), ﬁXﬁ’é{PpW‘Zggﬁ Bisnxpysdimenph saipitgniditecor@henylqdipoting, ahd

i ncl udi ng theddmgNae)Bt h elements and | ant hani des, and the acti ni des.

Materials such as glum:nu | nd| cal ¢ciLum- barium samari um and
magnesi um as wel I&é%p%%‘ ridium dH%eli}éélEthLdim aimﬂﬁger
. havmg structure VIII below

20

' This mtermedlate can be used to prepare compound __p by the addluon of
ethyl acetoacetate. |

Electromc Device

_ - The present invention also relates to an electromc dev1ce compnsmg at
25 . least one photoactive layer positioned between two electncal contact layers, -
- wherein the at least one layer of the device inchudes the iridium complex of the _
. invention. Devicesfrequently have additional hle transport and electron transport:
layers. A typ1cal structure is shown in F1gure 1 The dev1ce 100 bas an anode
_ layer 110 and a cathode layer 150. AdJacent to the anode 1s a layer 120 '

1n



organonetal lic conpounds can al so be deposited between the organic |ayer
and 15 the cathode layer to |lower the operating voltage. 20 D&elipenwaots
have ot W& 0¥®JHrs in organic el ectronic devices. For examj/momhgge can be
a layer (not shown) between the conductive polyner layer 120 and the
active Iayer 130.to faC| Iltate osjtive charge transport and/or band-gap
mat chi ng of “YREFSing bele ragspartmaterial. | Afjagent ko %@@ﬂ@@ﬂﬁﬁ@ﬂaﬁg@r‘w Simlarly,

t here can beor2frisinkead electadn b8 n(laneﬁa]s mmweenbﬁg M\ﬁg&ag%rgﬁg,érv&dl ayer 130
and t he cat %f"ec{r% [ 1501Pt0'. Ci n ve charge trahsport and/or -
band- gap ma h| ng %g’{‘ﬁﬂ’@ﬁt ﬁ%rlsﬁ’a%@} Oacﬁ?’e ction as a protective
Itzﬁyerb Laygrs thdﬂemémgnmmthmmﬂueamnofcthmdMCe mdlepﬂd‘ﬂoa%ddélay@fl any of .
e aboxe
Alter nat\ﬁl velﬁﬁ%algg%gd lggﬁ%ﬁﬁtt&%qaﬁqug%glgc&%ﬁ% a@PﬁidlﬁOI%%éﬁéS‘FBﬁﬁ Rtive 25
pol ymer |ay6eﬁ ghtseanittingdigde wleght-&;aeﬁmgle@troahonxc@ltdwﬂma lnpgrerf mdi€ialmay be
surface trtﬁaﬁxegbdnos R g ERktEEX sﬂgiﬁé%ﬁ%ﬁwﬁﬂédt%h%gﬁﬁ%q The

choi ce. of teri eac onpone | ayers 1's pre

det er m nedqDEI ch}%gg,gg}ch@syh@pgggﬁgtegtpg g‘éw’&ﬁsﬁ’ép otgdcieetersinelnde| gh devi ce
ef ficiency. pﬂotooosduntdremens;@ﬂotolﬂeﬁist&&gbhd‘tmfoh@ﬁ@hoﬂoﬁ%@éistﬂﬁ alRf made up of
nmore thgn aye ) ar,ed sequent Lally vapor
deposi t?ng%?&‘%%f hﬁwv IfaA?Cer ?gb%%gesgs?%ﬁgﬁd%ﬂgg%w kus, fads at es” such
as gl ass aFﬁiie@mwWeathzﬁakmecsclamnbearwéwmm\(MdGIoﬁ@:ﬂhw@@@ﬂ966)008I tion

t echni ques can :]ﬁﬁls ti,on cal vapor
deposi tion, andbﬁml&ﬂaﬂﬂ:[1 é%B eﬁoggﬁé”ll}g%nuon aﬁgsﬁfﬁgﬁlﬁ E%Pasr%f?/er s can be
coat ed frorPihQEﬂaﬁ‘PY%‘ﬁé‘teﬁﬁl iilaysal §Po@rsas|er1ﬁcoonthan$wrtsmawaam1am|mg any -
conventi ondirefenly 1@ iHGRRNESRSlexds bIAROBRBhtior 26yl f &%B%gghﬂ wi 'l have .

the follo 8:4309e of cknes node 110, .500-5 B0 2hl y 100
2000. 95 ho}Me jal i B0des. 133‘6? tﬁ*‘é‘cfs “%%ﬂ@béﬂgesepﬂpah@}*@my QQGOB@?U 7 °
| i ght - eni t ePmyoluadsert thelinentiecdorbernc2d @sibe MQ SRR dﬁ@&hlﬁ of&&%&20539

130, 10-.10 f 851 t

50- 1000A, . 6")’Qﬁﬁ?era‘% ‘ﬂ%%&’é%%@g%‘g@ﬁa‘g §5’0n‘3§ 1’1’%86’6%’ 3‘@?‘%35
300- 5000A: On total mht@ﬁﬂ@ﬁlameupltce&;@%mmme:onmno,lmtbeamed@mel n the
devi ce, anénﬁom m}oﬁs TEIS £ QSRS thdRudindiitafifn 6RPol, 31 fect ed by

the r ei@ ti (ﬁ rles sd]]?lé) 1e %m?n (III), which was found to achieve maxunum
efficiency when present in an amount of only 6-8% by weight in the emitting
layer. This was necessary to reduce the self—quenchmg effect. Additional
materials can be present in the ermttmg layer with the iridium compound. For
3 example a fluorescent dye may be present to alter- the color of emission. A
_25 dzluent may also be added. The diluerit canbea polymenc material, such as
poly(N—vmyl carbazole) and polysilane. - It can also be a small’ molecule, such as
4,4 -NN'- dicarbazole biphenyl or tertlary aromatic amines. When a dilnent is
. used, the 1r1d1um compound is generally present in a small amount, usually less |
o __than 20% by weight, preferably less than 10% by we1ght based on the total
30  weight of the layer o

In some cases the iridium complexes may be present in more than one
1somer1c form, or mixtures of different complexes may be present. It wﬂl be
understood that in the above dlsoussmn of OLEDs, the term “the iridium _

- compound” is intended to encompass r.mxtures of compounds and/or isomers.
35 To achieve a high efficiency LED, the HOMO (highest occupied
: " molecular orbital) of the hole transport material should align with the work
function of the anode, the LUMO (lowest un—occupled molecular orbital) of the

electron transport material should align with the work function of the cathode
S 12




.5 layer. Thus the t hi ckness of the el ectron- transport |ayer should be
chosen so that the electron-hole reconbination zone is i @otdember 2004

l'i ght - eni WO nyod7ayer. The desired ratio of |ayer thicknessgsadohkofdgpend
on the exact nature of the materials used. It is undgr sto]?d thhat thet .
efficiency of evi,cs made With the iridium conpounds. of the invention,
can be fu?/t he GABPPIPIY Bt@ﬁ\sﬂbh@aﬁftq?ém@t%ébe maigriplgyes alsp mpartagevi ce

For exam |l e nﬁoﬁs‘ideraﬂdns hin Qelsctmgﬁhe eIe@tr? aﬁad%é&t?énsgcs)ﬁ %%%?&%g% 2?| gﬁs Fﬁa?r Li P
Fesul't ina reductPRNIR BEE airnOLRY 08 BHleiohRE SR REREET [ | of ency
are al so appl koewh & be webdiltin onet layaygeThe mmale;’i:lls;i;tbg e&dgg?e fkfat fsai | or ehzg 15
DY, g T e AL SR
phot ol uni nesc&mmplpIatuiplaroniainga metalamirddonetaly aﬂo;thmal dxideoGhixed-  For
exanpl e, or gappMRbRldk & 1@@%@%8&1&%@5 Bty HB. RANEHRGER M I8 udSmE* Y 9&n
Group 11 metals, the metals in Groups 4, 5, and 6, and the Group-8-10 transition
metals. If the anode is to be hght—transmlmng, mixed-metal oxides of Groups 12
10 13and 14 metals, such as indium-tin-oxide, are generally used. The JTUPAC
- numbering system is used throughout, where the groups from the Periodic Table
are numbered from left to right as 1-18 (CRC Handbook of Chemistry and
: 'Physms 81st Edition, 2000). The anode 110 may also comprise an organic -
“material such as p_olyamime as described in “Flexible 11ght-¢rn1ttmg diodes made
15  from soluble conducting polymer,” Nature vol. 357, pp 477-479 (11 June 1992).
At least one of the anode and cathode should be at least partially transparent to
allow the generated light to be ‘observed.
Examples of hole uansport materials for layer 120 have been summanzed
for example, in Kirk-Othmer Encyclopedaa of Chemical Technology, Fourth
20  Edition, Vol. 18, p. 837-860, 1996, by Y. Wang. Both hole transporting.
* molecules and polymers can be used. Commonly used hole transporting
molecules are: N ,N'-diphenyl-N, N-bls(3-methylpheny1) ~f1, 1'—b1pheny1]-4 4'-
. diamine (TPD), 1,1-bis[(di-4-tolylamino) phenyl]cyclohexane (TAPC),
N, :N'-bis(4-methylphenyl)-N,N*-bis(4-ethylphenyl)-[1,1'-(3, 3'-dimethyl)biphenyl]-
25  4,4-diamine (ETPD), tetrakis-(3-methylphenyl)-N,N,N' N'2,5 -phenylenediamine
 (PDA), a-phenyl-4-N,N-diphenylaminostyrene (TPS), p-(diethylamino)-
7 benzaldehyde dlphenyihydrazone (DEH), triphenylamine (TPA) bls[4~(N, -
d1ethy1ammo)—2—methy1phenyl](4—methylphenyl)methane (MPMP); 1-pbenyl-3-
_ [p- (dleﬂlylammo)styryl] 5-[p-(diethylamino)phenyl] pyrazoline (PPR or DEASP),
30 1 2—trans—bls(9H—carbazol—9 -ylcyclobutane (DCZB), N,N,N' N -tctrak13(4—meﬂ1yl—-
phenyl)-(1,1'"-biphenyl)-4,4'-diamine (TTB), and porphyrinic compounds, such as
- copper phthalocyanine. Commonly. used hole transporting polymers are
polyvinylcarbazole, (phenylmethyl)polysilane, and polyaniline. It is also possible
- to obtain hole transporting polymers by doping hole transporting molecules such
35 ' as those mentioned above into polymers such as polystyrene and polycarbonate.
- Examples of electron transport materials for layer 140 include metal
e chelated oxinoid compounds, such as tris(8-hydroxyquinolato)aluminum (Algs);
phenanthroline-based compounids, such as 2,9-dimethyl-4,7-diphenyl-1,10-
. 13 _ T




sensitive indicators, as phosphorescent indicators in bioassays, and as.
catal ysts. The bis cycl onet al at ed conpl exes can be used tx® BaddAfter 280411 S
cycl onmet wioem#d7120 conpl exes where the third ligand is the pgangsezos39
different. EXAMPLES The follow ng exanples illustrate certain features _
and advant ages of the present I nventi on. Theg¢.are I ntended to be

i 11 ustrativePpnaptheolng BIE Aror 4(rdinhenyl-1.1 0 miﬂl;ﬁiﬂle (Iéﬁ’fkhlandiggﬂe a{ e ?gs
vei ght, unl essmgiua@s Whdheasiondi-si h@lﬁd 1£3-( M\Ag;lq 13 £ dgl}gl]'j& rat

h es henyf pyrimdines which are
Lsed tor 1 or B He-piRRaRIRD: foﬁ%e&%ﬁ-t 1Pl 2 b (BAGs s
descri bed i n140 candhsaionfbotH hefaeititaie eEchﬁtrdlbpgﬂ aﬁ’ﬂb@gérve aPPBufrdo-48. In a

asse

bot asa u barybenioantiydhett sl f ol then il or i RRSR st bitesfibebon) o,
0.05 nol of Zrefughly,ithistlaver prootos clegtrominnbilityandieduoes excitopyudnthitisne) and
0,05 mol of a subpid daihe BOCRULRAARE uAFIshatRsu LS Litiadh £80000 Tor

16-30 h. The . resulting reaction mxture was wat er
and ext r act €4°SHORR oLngaetive charge eqypiern )mePﬁ@Oégmh%@ngmpcnmmy&ab 35 were

“dried over NS, e;lawé{ ek ﬁﬁi\fggﬁlﬂnﬁa:lhgi@m?b!(ﬁt@ﬁﬁ#% %?,?? b%ﬁ;‘jé[agr Ieglr gd\l;\,gf— Z
Feoryst d | sEird SRR la neniRar Hosin Bl 5 (5P abe (Somne idcabmecnrtal o v
>98% 15 29 rm@talenﬂxeﬁrm@az manﬂ?@gﬂmﬁimnéa?ﬁ&&s aﬂ-@ﬁi‘?%arﬁ{ag:sggar o |
g?t/g:ll ?lnsTabI e 3. ﬁ% Sat a anc’S ga{%zllill y{ﬁlﬂxgg{aﬁ%ﬁn ag?lvléln%?rhmfabl e 4. TABLE
3 Prepar at i CROgFUILand apaenesiym, a3 yell as cm@ﬂ?ﬂ% can bemmhdn dd-cantlining
Phenyl 9 ui no |dr£lﬂ1§m@ﬂlli’@b6tﬂpéﬂr@ﬂs dart Hisd %3(15}3({51‘:@&%&9\13@%1% énrglaﬁc Wef aﬁg 0 2-a72
2-b4as 37 > (ﬂz cazhc?de layer to lower the operating voltage. : |
It is known to have other layers in organic electronic devices. For
example there can be a layer (not shown) between the conductive polymer layer
-~ 120 and the active layer 130 to facilitate positive charge transport and/or band-gap
matching of the layers or to function as a protective layer.. Similarly, there can be
20  additional layers (not shown) between the active layer 130 and the cathode layer
15 0 to facilitate negative charge transport and/or band-gap matching between the

Iayers or to function as a protective layer. Layers that are known in the art can be
used.. In addition, any of the above-described layers can be made of two or more
. layers. Alternatively, some or all of inorganic anode layer 110, the conductive - _
25 _polymer layer 120, the active layer 130, and cathode layer 150, may be surface
treated to increase charge carrier transport éfﬁcienby The chbioe of materials for
~ each of the component layers i is preferably determined by balancmg the goals of
i 'prowdmg a device with high device efficiency. :
Itis understood that each fnncttonal layer may be made up of more than
30 - one layer a S : '
.+ The device can be prepared by sequentlally vapor depositing the mdlwdual
layers on a suitable substrate. Substrates such as glass and polymenc films can be
- used. Conventional vapor deposition techniques can be used, such as thermal
. evaporation, chemical vapor deposition, and the kke. - Alternatively, the organic
35 layers can be coated from solutions or dispersions in suitable solvents, using any
" conventional coating technique. In general, the different layers will have the
-following range of thicknesses: anode 110, 500-50004, preferably 1000-20004:

hole transport Iayer 120, 50-1000A, preferably 200-80{}A hght-emlttmg laycr |
14



2-c41(95-96) 2-d38(39-40) 2-e5574.5/0.1 2-g 8671-73/0.07 ' 2- 6577-78/ 0. 046

t 2-1c50(38-40) 2-nB072.73!0.01 2-f2252-33/0.12 2-v6395- 968 becem¥érL2004

2- x3561- 6RI0012@9%42- y62( 68- 70) - 2-24266-67/0. 06 (58-60) 2- padRisdHr02H _

Decenber 2004 WD 02/02714 PCT/US01/ 20539 TABLE 4 Properties of 2-Phenyl. P

*r dines, Phen i dines and Plienylc3uinolines Conpound 111 NVR19F
NVRAnal ysi s %3?'0; g@ni@O éamcefyrabbrlowqm&zebwms(rmmlsmaso;,ﬁmAz 70(1 H),

(64.57) 7 83(ﬂréﬁe}ab1}2§0 480X catbde 150, 200-100004, preferably 300-5000A.: The
location of the electron-hole recombination zone in the device, and thus the
emission spectrum of the device, can be affected by the relative thickness of each

3 layer. Thus the thickness of the electron-transport layer should be chosen so that
" the eleciron-hole recombination zone is in the light-emitting layer. The desired
~ ratio of layer thicknesses will depend on the exact nature of the materials used.
- Itis understood that the efficiency of devices made with the iridium
compounds of the invention, can be further improved by optimizing the other

10 layers in the device. For example, more efficient cathodes such as Ca, Ba or LiF
can be used. Shaped substrates and novel hole transport materials that result in a
reduction in operating voltage or increase quantum efﬁciency are also apphcablé
Additional layers can also be added to tailor the energy levels of the various layers
and facilitate electroluminescence. _ - .

15 - The iridium complexes of the invention often are phosphorescent and
photoluminescent and may be useful in applications other than OLEDs, For
example, organometallic complexes of iridium have been used as oxygen
sensitive indicators, as phosphorescent indicators in bicassays, and as catalysts,
The bis cyclometalated complexes can be used to sythesize tris eyclometalated

20 complexes where the third ligand is the same or different. -

EXAMPLES _ _
- The following examples illustrate certain features and advantages of the
-present invention. They are intended o be illustrative of the invention, but not -
-11m1t1ng All Jpercentages are by weight, unless othermse mdlcated
25 : ' . _ EXAMPLE 1
This example illustrates the preparation of the 2~pheny1pyr1d1nes and
2-pheny1pyr1m1d1nes which are used to form the iridium compounds
- The general procedure used was descnbed in O. Lohse, P. Thevenin, 7
E. WaldvogelSynZert, 1999, 45-48. Ina typical experiment, a mixture of 200 ml
30 of degassed water, 20 g of potassium carbonate, 150 ml of 1,2-dimethoxyethane,
0.5 g of Pd(PPhs3)y, 0.05 mol of a substituted 2-chloropyridine (quinoline or
pyTimidine) and 0.05 mol of a substituted phenylboronic acid was refluxed
(80-90°C) for 16-30 h. The resulting reaction mixture was diluted with 300 ml of
- water and extracted with CH,Cl, (2 x 100 ml). The combined organic layers

35  were dried over MgS80Qy, and the solvent removed by vacuum. The liquid
products were purified by fractional vacuum distillation. The solid materials were
'récrystallized from hexane. The typical purity of isolated materials was >98%.

15



| o 3:59) , 8.75(111)N,6.07 (6.28) 2-a7.19(11),-60.82 (3F,s),C,59.56
gléz)(ll—b(-(lm 923 (IF, rr§(59) 75) 7.43(111),11,3.19 7. 98(212b DetehBer BoY

(111) N, SWOX28208(111)..(5.81) 2-b7.58(111),-62. 75 (3F, s), GCTAR0680539

7.66(1H),-63.10 (3F, s)(53.60) 7.88( 1;%21&)2261 573 gggﬁbl) gg gg)(s)c -

' 1 1) u - _
292%1%1235'(\'” 11?’}52*?%%3“}&? a]ilg(}mqs én%ndr amyntq@tbmewnma(rmmgrw 4, 88
8.38(111), (5 gi?n B Bablé 31mcatamnd7ané%&éﬂda¢a§% slbn(iBFaBR 83 3 _
7.64(1}1), H 2.89 7.90(111),(2.61) 8.18(11) N9 .99

TABLE 3
Preparation of 2-Phenvl Pyridines. Phenylpyrimidines and Phenylquinolines
Compound . Yield in % B.p./mm Hg (m.p.) in °C
2-s 70 o -
2-a : 72 - ' -
2-b - 48 . ‘ ' —
-2 75 - (76-78)
2-c ' 41 : (95-96)
2-d . 38 | | (39-40)
2-e - 55 , - 74.5/0.1
2-g 86 . T1<73/0.07
S 2+ 65 . - 77-78/0.046
2k - 50 . ) ' (38-40)
2-m 80 : o 72-73/0.01
C2f 22 SR 50-33/0.12
2-v 63 _ 95-96/13
2-w 72
2-x 35 ' ' 61-62/0.095
2-y i 62 o (68-70) -
2z : 42 o . 66-67/0.06 (58-60)
2-aa L 60 o
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. 830(111), (10.44) 5.53(111), 9.43(111) 2-d7.06(111),-62.78 (3F, s),C, 59.73
7.48(111),-112 (59.75) 61 7:81(311),.11,2.86 8.01(111), (126 D8:6/AbOIC04

8.95(111) W@ 050274 (5. 81) 17 WO 02/ 02714 29 Decenber 2004 pPEAfdgDSHss£039

TABLE 4 (continued) Compound iH NVR '9F NMR Analysis % found (cabs.) or.

| MB (M) 2-e3.80(3H)-62.63C, 61.66 6.93(2M (s)(61.90) 7.68(11),H, 3.95

7.85(11), (4.04).7.96(2H), N, 5.53 8.82(11), (538) 2-g2.70(31)-114.03C, 76.56
7.10(311), (M) (77.00) 7.48(11),H, 5. 12 7.60(L113,(5.30) 8.05(21)1°,N, 5.43
(7.50) 2-t7.10(21),-62.73C, 50.51 TABLE4 o

_ Properties of 2~Phenv1 Pyridines, Phenvlpyrimidines and Phenvlguinolines

' | 7 * Analysis %, found (calc.)
Compound . IHNMR 197 NMR _or M8 (M)
2-s  7.48(3H), -62.68 - C,64.50
. 7.70(1H), o (64.5T)
- 7.83(1H), H,3.49
~ 7.90(2H), , (3:59)
- 875(1H) | ' N,6.07
_ o (6.28)
2-a - 7.19(1H), -60.82 (3F 5), - C,59.56
7.30(1H), -116.96 (1F, m) . (59.75)
7.43(1H), | , - ~ H3.19
7.98QH), . . - (2.90)
8,07 (11) : - N, 5.52
© 9.00(1H). (581
2-b 7.58(1H), -62.75 (3F5), ' C,53.68
7.66(1H),  -63.10(3F,s) (53.60)
7.88(1H), - - ‘ H, 2.61
8.03(1H), o (2.40)
8.23(1H), _ N, 4.53
8.35 (1H) ' T (4.81)
. 8.99(1H) - . o
2u - 7.55(1H), 6289 (5) : C,69.17
- - 7.63(1H), - S (70.33)
C1T5RH), | : - H,3.79
7.89(2H), - (3.66)
8.28(2H), : N, 4.88
838(1H), - - | S CR )
8.50 (1H) - o g :
2 7.53(1H), -62.14(s)  ° C,53.83(53.73)
- 7.64(1H), o U H 289
7.90(1H), o < S 26D
S 818aH), TN, 999
8.30(1FH), . o (1044
. 8.53(1H), _ o - :
ST 9430H) , SR
2-d 7.06(1H), -62.78 (3F, s), S G,59.73
748(1H), 119 g - (59.75)
7813w, o 126l H2.86
8.01(1H), (1F,m) N X )
8.95(1H), . . .. | N/570
- - , (5.81)
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7.35(21), ( 3F, 52.17) 7.96(111),-113. 67H,.1. 97 8.78(111), (1F, m(2.17) N
5.09((5?0(7 2-?7.(08(21;',-62.-75C, 60.39 7.62(11), (3F, s) (5929 DbcerhBer0dd
7.90(31), WA 9200919 90), 8.80(11,(mN, 5.53 (5.51). 7.10(21)PCIo@s06R2653952. 13
7.80(21), (3F, s)(52.17) 8.00(111),-111. 241, 2.116C§.2Lz73(F§g)_i\é)n)(2.17) N, 4.85
5.07) 2-f7.55(311),-62.57(s)257(M, 7 . -
(8.06()111),-222(ﬁ/+C|) 8.87(11) 3.8(311),1‘4&@% ppm C,. 61.66 (61.37),

6.95(1H), 3.9.8. (3.67), 7.30(11), N(G@uffuéd.48) 7.50(1H), 7.58(1H),
7.75(11), 7.90(11), 8.87(11) 18 29 December 2004, W0.02/ Q2714
PCT/ USQI'/ 20538,y LARKFE 4 13 NMR I9FNMR or MS (M%)
| 2-e 3.80(3HD) -62.63 C, 61.66
' 6.93(2H), (s) (61.90) -
7.68(1H), H, 3.95
7.85(1H), (4.04)
7.96(2H), - N, 5.53
8.82(1H), (5.38)
2-g 2.70(3H) - -114.03 C.76.56
' 7.10(3H), (m) (77.00)
7.48(1H), H,5.12
7.60(1H), (5.30)
8.05(2H), "N, 5.43
o (750
2 7.10(2H), -62.73 | ¢, 50.51
7.35(2H), (3K, 9) (52.17)
7.96(1H), -113.67 CH,1.97
8.78(1H), (1F, m) (2.17)
. N, 5.09°
. (5.07)
2k 7.08(2H), 62.75 C,60.39
7.62(1H), (3F.5) (59.75), H,3.38
 7.90(3H), -111.49 C(290), .
3.80(1H), ( m) N, 5.53
. (5.51). -
2-m 7.10Q2H), -62.63 G, 5213
7.80(2H), "(3F.5) o (217
- 8.00(1H), 11124 o H2.16
© 8.75(1H), (m) . 217y
o T LN 4.85
: | o - (5307
2-f 7.55(3H), . -62.57(s) . 257QMY,
D 177¢28), - CoHF3CINY),
- 8.06(1H). 222(M-C1)
8.87(1H) -
2-v  3.3(3H), -62.70 ppm - C, 61,66 (61.37),
o 6.95(1H), ' L - ~H; 3.98.(3.67),
© 730011, U N,5.53.(5.48) .
© 7.50(1H), ‘
7.58(1H),
7.75(1H),
7.90(1H),

8.87(1H)
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continued) Analysis % found (calc.) Conpound 1H NVR 19F NWVR or MS M)
-w 8.54 (111, d), -63.08 (3F, s) 8.21.(2H, d), 7.70 (2129 DBcembér2d04 1H,

), 6.82W0pHedy14 3.91 (311, s) 2-x 6.9 (2H m, -109.70 hgmr%nm - 18
2H,m), 113.35(1F, nm). 7.68 (2H m),. 7.95(1H n), 8.65(IH W 22%
4(111), -62.72 (3F, s), 7.62(2H), -109.11 (2F, m 7.82(111). 8.03(11),

.9 :
.96(1H); 2-z 6.85(111), -62.80 (3F, 3};5 £H3(111), -107.65 (IF, :

.80, 7.90, -112.45(1F, m. 8. 05(31} SBUALL); 7.70(3H, M, " 7.85(3H, m,
7.80, 7.90, 8.85(IH mM. EXAWMPLE 2 Th| S exanpl e illustrates the preparation

of iridium coppounds, of i{rmFourt E nul a fac- | rAnadyses Yafownd.(cchn a
: . ; 1 f 0 Dmm(x]:
typical exper=REREE lél854(1H D, > 26308 (3F s? e :
821 2H, d),
770 H, d),
724 (1H. ),
6.82 (1HL, dd),
391 GH.s) S
2% 69QH,m),  -109.70 (IF, m),
718 QHm),  -113.35(IF. m),
768 QH m),
7.95(1H, m),
o 8.65(1H, m); - '
2y 6.94(1H), -62.72(3F, 5),
7.62(2H), -109.11 (2F, m)
7.82(1H), o
8.03(1H),
$.96(1H); o
27 685(1H), -62.80(3F,s),
6.93(1H), = -107.65(IF,m),
7.80,7.90,  "-112.45(IF, m).
. 8.05(3H), e
8.89(1H);

(

2
S
(

6
8
7

. 2-aa 7.70(3H,m),
7.85(3H, m),"
7.80, 7.90,
8.85(1H,m).

EXAMPLE 2 . :
Tms example ﬂlus!:rates the preparatlon of mdmm compounds of the

__ F ourth Formula fac-Ir(La)3 above.

'_ 5 " Ina typlcal experiment, a mixture of ECly nHzO (53 -55% Ir) AgOCOCF3
(3.1 equlvalents per Ir), 2—ary1pyr1d1ne (excess), and (optionally) a small amount
of water was vigorously stitred under No at 180-195°C (oil bath) for 2-8 hours.
The resultlng mixture was thoroughly extracted wﬁh CH2C12 until the extracts

_ ~were colorless. The extracts were filtered through a s1hca column to produce a

10 - clear yellow solution. Evaporatlon of this solution gave a residue which was
treated with methanol to produce colored crystalline ms-cyclometalated Ir
complexes. The complexes were separated by ﬁltrauon washed Wlth mcthanol
dncd under vacuum, and (ophonally) purified by crystaﬂmauon vacuum
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. (3.1 equivalents per Ir), 2-arylpyridine (excess), and (optionally) a

smal | ; ampbunt of water was vigorously stirred under N, aRgifieddel20@] |
bat h) foWQ4BMdtirs. The resulting m xture was. thoroughlpegtgipetnd wth
CH2Cl 2 until the extracts were colorless. The extracts were filtered

through a silica col um tglglfér oduce a 10 cl ear yell ow solution. Evaporation
of this sol utSPBlHn@Té%OaSP Herdraghipsh Yiddds: 10-8226edllnsterialtveanol to produce

col ored crystohhlabRfized by mob&ﬁﬁfs@éﬁ& asta Tha Ffé%g{a%gﬁ% sig R8d ﬁl%”Bsu es vere

separ at ed by f| |.t r at |{1 31 {;rrret hano Aaér and .
(optional | y) et &Y %ralél % & gﬁiﬂﬁ Grystal Xﬁé&ﬁtﬁaci‘geswgrm@m@fmzom WO
02/ 02714 PCT/hise t6RPER6s ofthblémat i on, or Soxhl et extraction. Yields:

10-82% ALl %o‘ﬁh% Nere char act eri zed by NMR - spectroscopic data and
el ement al 'S, and the results are given in Table 5 bel ow

Si ngl e- crystal X- Pagpigture el €l s:1Hy6) é%lmﬁﬁ&mgbcﬁ-@-ﬂh&oph&g _exes of the

H
;ezldfefsl uoropg ) - é{hy%ﬁc{f&}%?%&%@o% 2(%)’3@2 % (‘f”gﬁ%ﬁ “(drzgé‘ﬁ Lg),
AgOCOCF3 (1 llmé*b wag yigeraudy stirrad erﬂéb)‘?i(/bfjﬁz avitheyermparatueciwardewlya f | ow of
N2 as the ekl bioatapsh 03°C (o) logibgmegq@srﬁ@oaéﬁ}%&%bat h.
sol i

hé "m X s cool ed

After 2 urg 1 90Cthe mxt
down to p?oom be% ‘f al i g %soqqogeg dpzymuto raem teepergtuyg. t Fheliolids wemmet hane
until the exextgctesi wiit dichidramdthaidrentilahbenegts dbcﬁ!&h@éd) ”‘Pﬁé@ﬁﬂ) l'uti ons
were filtereg §|},9|§ ted After met hanol
(50 nL) was agfgmé&tﬂgﬂt r es(|;Il %énf-’ ﬁﬂ %ﬁ&gﬁ? 3@ ’&%fgﬁl? u‘I’GG“@)ver ni ght. The
yel | ow preci %‘fapaiaée%fAﬂﬁem@ﬂlﬂ%d@Q hﬂﬁew@lﬁﬁaﬂtocthapésﬂkm NS Asd tb, was -
separ at ed, vwcsmmt Wrdrhighet TROGAIovABd b Rb Aide el 07 g
(829 . ngtﬂjal I t é» W%St al 59é ° ﬁ,@ l?orrp | ex m#sg\ﬁg%k%%ngagﬁwp T{’OV\A y
cool i ng S?qu"ﬁe Wéﬁmﬁﬁ%@hﬁ@h@d@m@@uﬁ@ veewwA ni xt ure of
Irdl 3 n HZO Vst 1.07 g (85%9 Dy Ray qaauq% crylstald bf4RE e&rﬁﬁia 8%%1_@9
S-trifluorong w&%ﬁmg cg &?Q’ﬁé‘l %ﬁ%é and “Ag (1.01 g)
was Vi gorous yIStirr éifs r o5¥ terrperature was sl owy
(15 nin) - ompoun 1-¢ ;
A mixture of rCl-nH,O (54% Ir; 504 mg) 2—(3-mﬂuoromethylphenyl)-
20. S—trlﬂuoromethylpynmne compound bb (1.60 g), and AgOCOCF 3-(1.01 g) was
vigorously stirred under a flow of N, as the temperature was slowly (15 min) ,
“brought up to 192°C (oil bath). After 6 hours at 190-195°C the mixtﬁre solidified.
VThe mixfure was cooled down to room temperature The solids were placed on a
silica column which was then washed with a large quantity of dichloromethane. - -
25  The residue after evaporation of the filtrate was treated with methanol to produce
yellow solid. The solid was collected and punﬁed by extractlon with.
dlchloromethane in a 25-ml, Imoro-Soxhlet extractor. The yellow precipitate of
the ms-oyolometalated complex, compound e, was separated, washed with
| methanol, and dned under vacuum. Yield: 0.59 g (39%). X—Ra.y quahty crystals
30 | of the complex were obtamed from hot I 2—dlchloroethane
S Comgound 1-d -
A mixtire ofIrC13 nH,0 (54% Ir; 508 mg), 2 (2-ﬂuorophenyl)-5—-
B mﬂuoromethylpyndme, compound aa (1.53 g), and AgOCOCF; (1.01g) was
- vigorously stirred under a ﬂ_ow of N, at 190- ~195°C (oil bath) for 6 h 15 min. The
35  mixture was cooled down to room temperature and then extracted with hot
1,2-dichloroethane. The extracts were filtered through a short silica colutan and
evaporated. Treatment of the residue with methanol (20 mL) resulted in

prec1p1tahon of the desired product, compound d, which was separated by
- 20




- brought up to 192C (oil bath). After 6 hours at 190-195C the m xture :
solidified. The mixture was cool ed down to room t enper at 28 @ecEhbesp004ls
were pl ac¥®P 2414 silica col um which was then washed wit h @ f’lifﬁ Gagyant ity
of dichloromethane. 25 The residue after evaporation of the fi e was -
treated with ﬁft hanol to produce yel l ow solid. The solid was col I ected and
purified by eXf'f&R; WAskidiwith methenplorehdti¢dumsler nacsuls -Yieldyi 6Dg Si90h). et

extractor. Th&- Rej Lentitp lbg@teﬂls! 6fth€ c@ﬁn?lekf%?eré Eb&nl%ﬁ ‘ﬂoﬁ{'&‘éﬁmg %W%%npl ex,

conpound e, rate washed w and vacuUm
- Yield: 059\3&?’ X -Ray quality crystals 30. of the conplex were
~ obt ai ned fronﬂm_mLLdl chl oroet hane. Conpound 1-d A m xture of 1rC13

nH2O (54% Jr; 508 5-- triflugronethyl pyridine ,

compound ﬁs ( 53 % X&&%@%ﬁ@"% %ﬂ; & (gBreramettiogyphongl- under

a flow of N2 lyoomﬁmlmidmel@aompoweeqm@, mmgocec@'; (VLB Y gs Was

cool ed down tﬁcﬁl@ggﬂsrt t

1, 2-di chl or oet hane. ﬁm%%ﬁa%%a?ﬂs&aggg%?ﬂ?%rlgﬁﬁﬁo ghgﬁgmg, Tibga

col um and eg"éé'ﬁ B0 ﬁtm@m@meera@samdethwemmmm (20 n)
resulted. in dic ofopidihdrie0 IThefextri@s GRfd fiRseP R ngi gg@g&%ﬁ%g@d ch was
separ at eqgby. 9 004.. WD 2/0 717

fi.ltrati gr? aa %&gte% tllr?gk)t Hg?‘f © reside yyi r(2%;tldm¢ﬁu1twm d 0. 63 g

'<(:| 49:{? X- Fﬁmm Qfﬁb%d@shmdpfodubtecompamm woég\@gts@? H20 (549
i.chl or ome m xture n 0
Ir; 503 ng), o &I uoro tﬁogy%ﬁ%%ﬂ“ﬂ@ VPW%OT@%@F @Ene,
corrpound ee (Aé%é)%m&j e?(waigb@new@gevapcgﬂtmgjﬁbmﬂdrrred under -

a flow of N2ligt ﬂzﬁﬁl—&ﬂﬁfg didlea b 5 was cool ed.
down to ﬁ?omdoﬁ()@ gt;ure Iiémd ?hentmgﬁoﬁg%feggm\% tdl‘?m%'ll % o#%@%@ The -

extracts wer through-a short. silica colum and 10 evaporated.
Treatment "of the Pewiidue ofiltGl;mEL0a(5d% (2630 M), 2- @qagdhg H¥ recipitation

LAl L e
‘ vigorously stirred under a flow of N5 as the temperature was slowly (30 min) -
brought up to 185 °C (oil bath). After 1 hour at 185 °C the mixture solidified.
20 The mixture was cooled down to room temperature. The solids were extracted
with dichloromethane until the exiracts decolorized. ‘The combined
dichloromethane solutions were filtered through a short silica column and -
~evaporated. The residue was washed with hexanes and thex recrystallized ﬁom
1,2-dichloroethane - hexanes (thce) Yield: 0.30 g.- 9F NMR (CD,Clp, 20 °C),
25 8:-63 (5). 1HNMR (CD2C12, 20 °C), &: 8.1 (IH) 7.9 (1H), 7.8 (1K), 74 (1H),
' 6 6 (2H), 4.8 (3H) X—Ray quality crystals of the complex (L ,2-d10hloroethane
- hexane solvate) were obiained from 1. 2-d1chloroethane hexanes This facial
complex was orange-photolummescent :
| B Compounds 1-a, I1-c, 1f through I1-h; 14 thlough l-m and l-r were .
30 sumlaﬂy prepared. In the preparation of compound 14, a mixture of i Isomers was
obtamed with the ﬂuonne in elther the Rgor Rg position, '
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Addi tionally, O. 27'g of the conpl ex was. obtai ned by evaporating t he not her
| i quor and addi ng petroleumether to the residue. Overal |l 28ilscdmbér 284

(729 . YOO¥AFa4nd | A mixture of I1rCl3nH20O (54% Ir; S8O/O§1/20539
| 2-(3-nethoxyphenyl)-5- trifluoronethylpyridine (2 50 g), AgOCOCF3 . (1.12
g), and vvaﬁer (T ) was— vigorously siTrred—under—a—ftowof—N2—as; t he
tenperature—was-slowly (30 min) br E‘r to 185 C (oil bath). Affer 1
hour at 18% C the mixtdre soiﬁa@sfsj ed. RO The m xt urgpmmas cool €d down to
room t enpef atCorpotdie $0I |(dacav&b@ﬂdgxt r act ed W tbpg Cghj;gﬂ@m et hane | unti|
the extracts dqu& ori ze | ned %Q;' ﬂiﬁ 3”5 wer e
filtered.through a shor oI umm - %H : hFé resj due was
washed with hexanes.and crystal g%Rd gﬂcé i chl oroet hape - |
hexanes ({wi ce). Yiel dC,L 19F C12, 20 O, 25 5. -68 (s).
IHNIVR(CDPOZ, 20—€) 1:.“. A'“‘ 7Q”11\ 4 (LH) . 6.6
(214), 4.8|(3H) I-x- Ray 4I7|-4:§47(3|3ystal STHE 6t4I‘(éHj,cﬁrﬁ5 éi)H)(V’iZHH)ChSorbet hane,
hexane -sofvate) were aa@lé?dl)from 1, Zigéﬂ)c'h%l(ﬂd] B3 1H)hexanes. Thi s
facial copplex was nr bt ol uni Eenbdl 4@hﬁlﬂ9rﬁd€;idd}aa , Iac AN
through 1 ph, jj1-d hr—oum J47rm ngyl -r |vgr.es3Q1H 8 the
preparatiop of corrpounjHLgo@@ 2<ture H)sg,)Q HD gt aq?HZdﬁvm h t he
fluorine ip either: t'he R6 408 (43 posi t| er 2004
PCT/ USOl/23539 g%L Analk . . 1-aC
50.3 (50.1)1 (lHi) %?2‘1(5 1), ), 7.95
(111), 8.1(1H) 19 N , CeAlF: -6_ o -
' h I-e C: 441 (43.3)- , IH: 6.9 (1H), 7.1 (IH) 78(11-1) 8 0
H: 1.72.1) g2H) 8.2 (1H)
» N: 3.9 (3.6) . 9F: -63.0 (1F),-63 4(1F)
RIS & S I(i: 50.4 (50.5) TH: 6.9 (1H),7.1 (2H), 7.6 (1H), 7.8
: 2507 1H), 7.9 (1H), 8.1 (1)
N: 49(49) 59_1?: -62.£g 2,818
~TABLE 5
(continued)
S o Analysis | © 'NMR
Compound - | (caled (found) = - . (CDyCD, 25°C)
1-g | C:559(563) 1H; 6.4 (1H), 6.7 (1H), 70(1H) 7.6
TH:3.032) gIH) 7.7 (2H), 7.9 (1H) - .
_ N: 5.9(6.0) | 19F: -112.6 (ddd) :
" 1-h _ ]ECI: 311'0((435).2) RS 3 68(1H) 6.95 (1H), 7.05 (IH) 7.7
AH21@23) 1 ,801 , 8.9(1
" 1N:49@42) g H) ( ) ¢ H) :
1 I(-:I 49;1((49).3) 1H: 36(3H),63(}H),66(1H) 77 -
1 29(2.8 S (2H), 7.85 (1 7951 )
- iN: 44(4.4) EH) (H) (H)
14 {C: 4740474 {IH: 67(m),71(m),75(m),76(m)
H: 2.02.3) 77(m),80(m),82(m) :
N: 4.6 (4.7) { 19F: 8's resonances (-630--636)and‘
: 8 ddd resonances (-92.2 - -125.5)
1-k \ I(-:I: 438.5 (44;.0) 1H: 6.9 (1H), 7.15 (1H), 8.1 (1H),83
H: 1.8(2.1 1 ,845 1H), 8.6 (1
N: 8.5(8.4) g H) (15D, 86 (1H)
1-1 g: ﬁz( 1(432) 1 Iq: 65(1H) 6.7 (1H), 7.75 (1H), 7.85
: 1H), 8.0 (1H), 8.1 (1
N: 3.8 (3. 7) g £0- 30 (10 a0

9p: .58.1 (1F), 634 (IF) _
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1--bC. 47.4 (47.3)1H 6.4 (111), 6.75 (111),
1-cC 47. WQAZZ)4H 6.6 (111), 6.
©(56.1)1H. 6.6 (211), 6.8 (111), 7.0

7.7 (IM 7.8 H 2.0
.6 4. 49F; .4 (s) 29 DE@8mbedaizhs) .
H, 6.9 (IH, 7.8 H PC&/I@O(/Q{)SQ§(1K)
3.5s; -112.8 (ddd) 1-dC. 55.9

11), 7.6 (lH) 7.7(111),8.4(1H) H
3.0(3.2)9 ' N 5.9 5.81~: -115.0 dd .1 (43.3)1H 6.9 (111), 7.1

(111), 7.8 (111), Mdﬂmﬁleﬁlm&m&&ﬁé l)eflaaﬁ tién 611 uxﬁlcoxi?%%g‘s(?@% F 2 ba0 1
2. 56?247)1 (F ﬁﬁemggﬂﬁc}m%& ;@Iﬂl}() i 1) ? 7.8 H

q
(2.1)(111), 7.95 (111), 8.05 (1H) $(411 - 63
8.0 (111), 8.6 (111) N. 4.6(4.5)9F: -?

ORE: 4. 99F . -62.4 TABLE 5 (conti nued)
Anal ysi sSNVR CGompuomat tal cd foundCD Cl1 25C 1-gC. 55.9 (56.3)!H, 6.4 (111),

o8k el Byt B Al i b 7
2.1 (2.3)( 1|-|) quigoiine( (1180)g), Srdgsilpartitiflubkoadetdted ] A0FE) wab Vigdrdusy stitfeddt
(49.3)111: 3. fo(l 8JskIs fob 4 hofubl Ihe rébuflie! shiidl wak- cﬁrownatggrgp}{e% on) sﬂ%c@mﬂl 85
(111}, 7.95 (él&l)oromethane to produce a mixture of the dicyclometalated complex and the
unreacted ligand. The latter-was removed from the mixture by extraction with
10 warm hexanes. After the extracts became colorless the hexane-insoluble solid
was collected and dried under vacuum. The yield was 0.29 2. I9FNMR: -63. 5
(s, 6F), ~76.5 (s, 3F). The structure of this complex was estabhshed bya smgle
crystal X ray diffraction study.
‘Compound 1-0 S :
15 © A mixture of IrCI3 -nH,0 (54% Ir; 500 mg), 2—(2-ﬂuorophenyl)-3 chloro- -
S-trifluoromethylpyridine (2.22 g), water (0.3 mL), and silver trifluoroacetate .
(1.00 g) was stirred at 190°C for 1.5 hours. The solid product was 7
| chromatographed on silica with dichloromethane to produce 0.33 g ofa2:1
co-crystallized adduct of the dicyclometalated aqua trifluoroacetato complex ‘
20  compound 1-p, and the unreacted ligand. 19F NMR: -63.0 (9F), -76.5 (3F), -87.7
' (2F), -114.4 (1F). The co-crystallized phex_lylpyndme ligand was removed by
. recrystallization from dichloromethane-hexanes.. The structures of both the
. adduct and the complex were established by a 'sirigle crystal X-ray diffraction E
_ study. ' R
25 e | EXAMPLE 4 |
' This example illustrates the prcparatlon of an hydroXO mdlum dimer,
: havmg structure {(VIII) above. ' T
- A mixture of IrCly-nH, O (54% Ir; 510 mg), _.-(4~ﬂuoropheny1)-5-
_ mﬂuoromethylpyndme (725 mg), water {5 mL), and. 2-ethoxyethanol 20 mL)
30 . was vigorously stirred under reflux for 4.5 hours. After a solution of NaOH
(2.3 g) in water (5 mL) was added, followed by 20 mL of Water, the mixture was
stirred under reflux for-2 hours, The mixture was cooled down to room
- temperature, diluted with 50 mL of water, and filtered. The solid was vigorously
_ stirred under reflux with 30 mL of 1,2-dichloroethane and aqueous NaOH (2.2 g
'35 _in 8 mL of water) for 6 hours. The organic solvent was evaporated from the |
mixture to, leave a suspension of an orange solid in the aqueous phase. The
orange solid was separated by filtration, thoroughly washed with water, and dried

under vacuum to produce 0.94 g (95%) of the iridinm hydroxo dimer
- .23




4.4 4.49F: -63.2 | -jC 47.4 (47.4)111:. 6.7 (n'), 7.1(m, 7.5 (m, 7.6 _
m, H 2.0 (2.3)7.7 (m, 8.0 (m,, 82 (mM N 4.6 (4.7)198DeBembbESWAANCES .
3.0 - wod26)71and. 8 ddd r esonances (-92.2 - -125.5 1- k@cﬁﬁs@l,ﬁ)gﬁ 0)1H

(111), 7.15 (1H), 81(111) 8.3 H 1.8(2.1)(1H),8.45(1H),8.6(1H N: .
8.419F: . -62.9 1-1C. 42.2 (42.1)1H 6.5 (111), 6.7 (111), 7 75 (1H),
5 H 16. (Spesirpscepicaliy puiel1 TN NMRYDLN-1 3.8, (13, FOHE:5.5 &R, 2H),1F) ,

-63.4 IF 22 2% c;_qqrj)qrr;a / 919 LE 3 Thi.s
exanpl e Illuﬁb@éﬁzﬁ the E ar\gﬁ@ﬁ (ﬁ)’%yl rlménycom@%@ Eﬁﬁ{ig Second.
Formula IrL $2-7 (%8 ﬂlﬁlnSAmxture of Ird 3-nH20

(54% 1r; 510 ng), 2 (3- trlfluoronetmmlyg) qui noline (1.80 g), and

silver t |quoro etare 1. VI gor ous stirred at. 190-195C .for 4
hour s. The resul tﬁ%’és ﬁﬂkﬁ@ %ﬁﬁ%ﬁ%ﬁ%&ﬂ’n‘éﬁ%ﬁcg‘i lpmetglajgd; gemplexes
di chl or onet hﬁimnanmqmmdhmer a mxture of the dicyclonetal ated conpl ex and

the unreact %#ﬁ_"g‘ﬁ&q = The latter was renoved fromthe m xture by’

extraction wi hexanes. After the extracts becane-col orless the
hexane- i nsol ubl e fomiguregidheisidienhdroxadines €90 mg)drom Bxauple 4T by i el d was

0.29 g. 19F. M%aceése@omm@mei@es'é Gid aRloromh? H{445E, Ion&h{%cf(;;s

corml ex s SaLeB Lened o s a0 mpechistal Ry AT Al B
2- (2- f | uor ophiegyanii eSaydrhted to give tin uotdugemnemmham@h #8s wasied vigth, Water (0.3
<o bt b 8 ol s 530 3 i 25
di chl or omet hé{f:@la): pt.& diu €81, BS (gmofHg), 2:81(s, CH3COCH) 5.9 (m), 6.7.(m), 7.7
| - (m), 8.0 (m), 8.8 (d). 19FNMR(CD2(312) -63.1 (s, 3F), -63.2 (s, 3F), -109.1
15 - (ddd, 1F), -109.5 (ddd). Analysis: Caled: C, 44.9; H, 2.6; N 3.5. Found: C,
44.4;H,2.6; N, 3.3. '
Compound 1-w
- A solution of hydroxo iridium dimer from Example 4(0.20g)in THF
(6 mL) was treated with 50 mg of trifluoroacetic acid, filtered- through a short
20 silicaplug, evaporated to ca. 0.5 mL, treated with hexanes (8 mL), and left
' ‘overnight. The yellow crystalline solid was separated washed with hexanes, and :
dried under vacuum. Yield (1:1 THF solvate): 0.24 g (96%). 19F NMR (CD2C12, :
:20-°C), 8: -63.2 (s, 3F), -76.4 (s, 3F), -107.3 (ddd; 1F). 1I—INI\/JR(CDZC12, 20 °C),
| 692(brs 1H), 8.2 (dd, 1H), 8.1 (@, 1H), 7.7 (m, 1H), 6.7 (m, 11—1) 58(dd IH)
25 3 7 (m, 2H, TI—IF), 1.8 (m, 2H, THF)
Compound 1-x : ‘ . -
- A mixture of the ‘mﬂuoroacetate intermediate, compound 1-w (75 mg)
and 2—(4—bromophenyl) 5-bromopyr1dme (130 nmg) was stirred under N, at
150-155 °C for 30 min. The resulting solid was cooled to room temperature and
30 dissolved in CH2012 ‘The resulting solution was filtered through silica gel and
‘evaporated. ‘The residue was washed several times with warm hexanes and dned

N: .
(
(-6
6.9
8.5
7.8

under vacuum to leave a yellow yellow—photolummescent solid. ‘Yield: 74 mg
. (86%). 19% NMR(CDZCIZ, 20°C), 8: -63.1 (s, 3F), -63.3 (s, 3F), -108.8 (ddd,
© . 1F);-109.1 (ddd, 1F). 1H NMR (CD,Cl,, 20 °C), 8: 8.2 (s), 7.9 (m), 7.7 (m), 7.0
35 (d), 6.7 (m), 6.2 (dd), 6.0 (dd): The complex was meridional, ‘with the nitrogens
of the fluorinated 11gands bemg trans, as confirmed by X-ray analyms




-conpl exes  f ABmEtgd uﬁmdhérafuac%qaaaldﬁéec}

co-crystallized adduct of the di cycl onet al at ed aqua trifl uor oacet at o
conpl ex, 20 conpound 1-p, and the unreacted |igand. 19F NgBDecember 2609 ,

-76.5 (3FW0 0287714 (2F), -114.4 (1F). The co-crystallized pperghpysksli ne
|l i gand was renoved by recrystallization from dichl oronethane-hexanes. The

structures of both the adduct and the cogl ex were established by a single
crystal X-ray diffraction study. .2 4 This exanple illustrates

the preparation OleﬁBe 100, kibided R h TR &ﬁ{dw
above. A m xt g I 4%% %10 onoﬂﬁgiu?rg Eoro ﬁgﬂn%l\%&% :
trifluoromet 51’8?’ water (5 nL); and 2-et hoxyet hanol (20 i)

30 was vi gor(mued under refI ux for 4.5 hours After a solution of
NaOH (2.359) in foll owed h 0 nL of ter t he
Moxture was stl\rA?IggE Iglr&)w ?%‘T’e%?nﬁdﬁ?@er ci(‘f‘ﬁ?@‘\ﬂg R0l ed down
to room tenpieatdingto ﬂiﬂII\MBdTIaﬂt b UG datd, theatesulf wanen tipprogineskly The sol i d

was Vi gorOUS|ﬂmﬁ5bffEﬁ¢aHQ%drﬁ§£dlﬂ)ﬁ%]ﬂo 30 nmL of 1,2-dichloroethane and
aqueous NaCH wat er) 1or 6 hours. The: organi c sol vent

was evapor at m xture to. |eave-a suspension of an-orange solid

in the aqueous phaesal »ﬁiﬁeofm (ﬁ pgl X i on,
thoroughl m % hV‘@S,O%?FQagaaﬁ %QM&O};HE%%[Z?; 0.94 g

d
Y, SRR G H SaPio e o St
:DCTOI_D USo élgo?ﬁm@mm@k@r z 8bivyofiNy ®)the ﬂdmp\d&a?me%gléad (3@4@ hi%) 0 (d
.
oH): 9.1 (d, 21 %'i%if’ kﬁ%g"ﬁ?@%‘“’r%%&é%%é% Bc?[%ﬁﬁéd EF) .
EXAVPLE 5 5 ?H;%H%Wmféed dqmtqrapéstemmerapmpa?hamlm vafre bmactqcbwm‘ret alated -
i um

C
A3
z}lgglo)éo eg% es g?ﬁﬂ]igﬁ(‘)-ﬁdwn%) ‘ﬁf,‘ %E&%{”Eg h@;{ SE Eyol‘};agacagdloq%;iﬁed ?151]; remdue
was thoroughly washed with hexanes and dried under vacuum. Yield: 0.53 g
(49%). 19F (CD,Cly, 20 °C), 8:-63.55 (s, 3F), -63.57 (s, 3F), -63.67 (s,
3F), -89.1 (t, 1F), -100.6 (t, 1F), -102.8 (dd, 1F), -118.6 (ddd, 1F), -119.3 (ddd,
7 1F), -123.3 (ddd, 1F). IHNMR (CD,Cly; 20 °C), 6: 8.4 (s), 8.1 (m), 7.9 (m); 7.6
20 (s), 7.5.(m), 6.6 (m), 6.4 (m). The complex was meridional, as was also -~
-+ confirmed by X-ray analysis. : | |
- Compound 1-u .
-~ This complex was prepared and Isolated similarly to compound 1- -q, then
| - purified by crystallization from 1,2-dichloroethane - hexanes. The yield of the
E 25 purified product was 53%. The complex is mer, as follows from the NMR data. -
- ISFNMR (CD4Cly, 20 °C), 8: -63.48 (s, 3F), -63 52 (s, 6F), - 105 5{(ddd, 1F),-
105.9 (ddd, 1F), - -106.1 (ddd, 1F), -107.4 (t, 1F), -107.9 (t, 19, -109,3 (t, 1F). 1H --
NMR (CchIZ, 20°C), 5: 8.6 (m), 8.3 (s), 8.2 (s), 8.1 (m), 7.9 (n), 7.6 (m) 6.6
_ i(m),64(m),60(m) 5.8 {m)..
30  Compound I-v : R , . ,
; This mer-complex was prepared in a manner similar to corripo_u’nd- 1-w,
‘using the tiifluoroacetate dicyclometalated intermediate, compound 1-x, and
- 2-(4-fluorophenyl)-5-trifluoromethylpyridine.. 19F NMR (CD,Cl,, 20 °C), &:
~ -63.30 (5, 3F), -63.34 (s, 3F), -63.37 (s, 3F), -108.9 (ddd 1F), -109.0 (ddd, 15,
35 -109.7 (ddd, 1F). THNMR (CD,Cl,, 20 °C), &: 8.3-7.6 (m), 6.7 (m), 6.6 (dd), 6.3
- (dd), 6.0 (dd). This yellow-luminescent merisional complex isomerised fo the
green luminescent facial isomer, compound 1-b, upon sublimation at 1 atm;
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.10 at roomtenperature overnight. The solution was filtered through a short
silica plug and evaporated to give-an orange-yel |l ow sol i @9wWdcembergompshed
w th hexd®e/exndt dried. The yield of the conplex was 109 njgn(/@st%zosst NVR
(Cb2C12): 1.1 (t, CH3), 3.9 (dm CH2)24.8 (s, CH3COCH), 5.9 (m, 6.7 (mM,-

7.7 (m, 8.0 (m, 8.8 (d). 19F NWR (CD2C12): -63.1 (s, 3F), -63.2.(s, 3P,
-109.1 15 (ddd, IF), -109.5 (ddd). AE&&M}JSL__EFJ’CaICd C, 44.9; H, 2.6; N,

3.5. Found: C,  44This dandlSilldlrads & ﬁﬁﬁﬁl&ﬂﬂ‘bﬁﬂy fi@RmPf hydroxo
iridiumdiner fro a 20 g)e in THE fﬁs}ﬁgk%érﬁe‘lat ed with 50 ng

| e
of trifl uoroagg?]lp{gxssb?’gﬁz‘eﬁ“fef‘é?%d t hrough a short 20 silica plug,
e\éaporﬁt ed to ca Gh&lﬁhnOHmﬁedcwmbluﬂﬁﬁg&tE&Qeﬁﬁnsﬁe}tla @H‘TﬁlﬁierPVerm ght g
The yel |l ow cr hexan rie
unde?/ vacn\%m )é %’%@%@%I—é’e aglea\é\?? ot Of R 2,
O, S -63.2 é@er)s«mre fabrgated by, theﬁ)exmallempera@dudechﬂxﬁpe AnNDRVA CRRE 2, 20
©, 5. 9.2 (éﬂﬁﬁléli
1)H), 5 8 (dd(goﬁg;p%?tor%%%ﬁ SH Tkng\"%pjwa(ﬁ%?e& "he '%‘15%"5&““@?5%35@%
m xture of th&uE B?%%%Wé%@l&ﬁtf |9f6é01‘fc G\?p@ltloml(aﬁ@eng% and

2- (4- br onophetyablefoftiepositing fidh aﬁferérﬂcfﬂimmtmsth%tﬂeé& %Cbrﬂﬂgr%ﬁ mp2 at
150- 155 Cld‘or 81 n. The resulting solid was cooled to room enperature

and 30 dissol ved I'h CH2Cl2. The resul ti ng solution was filtered through
silica gel and evépdndiuetin Eﬁmde(ﬁ@)ohmated@asa@ab@ﬂt&iﬁmﬂ ﬁwmnm@ war m

ot 1 ar neseeh W#‘*S“W%m WS‘?@%&%%“”&%%E SR TR 20 ).

8:763.1 (s, 3fpunwanted areﬁ:wthl C8 selyden, to fﬁmaﬁmelem(;mmrtem:) IH NVR

(CcD2Cl 2, 20 Plyindid8 tﬁne(ﬁé&us@dgs ¥ mask-: 7fh(a'])atter¥1e9 ITE@ sﬁﬁjs)trate@ vzeré ﬁ'?efx > h -

(dd), e,co ex was neridi ona
fluori na'?1 d - % E Wﬁ’ﬁ ﬁ}‘ ghrauegus ‘S%WEF‘FWFSHJW )U]Féy Sér@aqsyfgqr@theg4 i 29
Decenber 20041.‘111933@\7@&1 ANl RaE, lﬂSﬂ)dwécQ@ﬁi&prEiS&W]—ﬁlcﬁhen degreased in

toluene vapor for ~3 hours.

- The cleaned, patterned ITO substrate was then loaded into the Vacuum ,
chamber and the chamber was pumped down to 10-6 torr. The substrate was ﬂ1en .
20 - further cleaned using an oxygen plasma for about 5-10 minutes. ‘After cleaning, |
multxple layers of thin films were then deposited sequentially onto the substrate by
thermal evaporatlon Finally, patterned metal electrodes of Al were deposited
: through amask. The thickness of the film was measured during deposmon usmg
a quartz crystal monitor (Sycon STC-200). All film thickness reported in the
25 Examples are nominal, calculated. assuming the density of the material depos:ted
to be one. The completed OLED device was then taken out’ of the vacuum
' chamber and characterized immediately without encapsulahon ,
* A summary of the device Iayers and thicknesses is given in Table 6. Inall
‘ cases the anode was ITO ds discussed above, and the cathode was Al having a
30  thickness in the range of 700-760 A. In some of the samples, a two-layer electron
transport layer was used. The layer indicated ﬁrst was applied adjacent to the EL
layer. ' :
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- faci al

| This exarrple illustrates the preparation of
Formula inei-lr(La)3 above.

Fifth

Conpound |

i ridi um conpounds of the

-s 5. Thi s 20qzlembenasod

synt hesi ze@ ézvo2z4manner simlar to conpound 1-n.

TLC, and TGA

dat a,

Accor di ng,ctIﬁfgolil,?G%%/R

the result- was an approximately 1:1 m xtur

and E4%
lr; 0.40 g),| 2-(3,5- dlfluorophenyl) STABLErﬁquororrethyl pyridine (1./140
g), AgOCOCF3 (0. 8i1f)= rRPdh difora s Vvigorously stirred under ‘a
flow of N2 as the %& mj Al ]ﬁa;g}g; 13 12 d’!ﬂ%br %gought up to 165C
(oil bath). |After ¢4 n&) n—?acag%?ﬁé&l r{éﬁ ég'“%‘ PI The m xturelwas
cool ed down [to roo i3 ) extracted with
di chi of omet Hane un %@1}5@? ?I%%?W@W“ylﬁ@e@b‘%m@ﬁmﬂe
di chl or onet hane 15 sol ut| ons vvere filter ed t hr ough a short silica coludm
and evapor atfed. The reS| d“ﬁTl thor dhed Wt ,[nlexanes and{dried
under vacuum Yg g e\([ ,12 221—?11 - 63. 55{(s,
3F), -63.57 (s A ‘EE‘C$3° 165 A).:\ _Jo2.8
(dd, 1F), - 11€omprative MPMR 6526)3 (oy); (Hﬂs) IE)BA((E}I@E)%—AE% G2 NIR
(CD2C12; 20|10, & 8.4 |(apmPesh 2 7 6 o b. 6.
(m, 6.4 (m}. The conpliex vvas(' r% Cgmg?iﬂl b Dﬁ@%ﬁ%%nf‘ﬁf%@%y X-ray
anal ysis. Compound 1-ulThis conple @82 oreoared and isolated simlarly to
compound.. | -iq, then pymnPhMEdsaY) cry@(Q d,dnaaltbon ﬁjm% di chl or oet hgine -
hexanes.. The yield of {the 25 puri 6 ~product was 53% The conplex {s -
mer, as fol loews—fromthe NVR-data 18F9NR (CO2C12, 20 C), 8. -63.48 (s,
3F), -63.52|(s, &).,:{MBMP (5¢dyld,|.CddRpound 1185. E’MQIE)*M&?% (dgd,
|F), -107.4{(t, 1F); -107.9 (t, 1F), 9%093“ | F cDzd 2{ 20
0, S 8.6 (M—83+sj—82+(sy 8@y 29y 76 (m 66 - (fy,
6.4 (M, 6.0 (m, 458 MPI\@CIS%)n Menmpbund\-Khi Dﬁi?AcmﬁpLéﬂag @#asg) prepared
in a manner [simlar to corrpound | -V ",(46@' ng the trifluoroacetate
di cycl onet alrated—Tnterpediate,—compound—1I—x—and
| 5 MPMP (570 7 ) | Compound 1- DDPA(107)+A1q3 (339)
(441) _
6 |MPMP (545) | Compoundl- ~ |DDPA (111)+ Algs (319)
' 1 (462) L
7 MPMP (643) _Compoundl:'g DDPA (112) + Algs (361)
| (409) . '
8 MPMP (539) | Compound 1-f DDPA (109) + Algs (318)
- (430) |
9 ‘MPMP (547) | Compounid 1-a- | DDPA (105) + Algs (300)
. @y S |
10 MPMP (532) | Compound 1-h B DDP_A_‘(I:OS)-I-Alq_q, 306) .
S @ N |
| 11 o MPMP (603'_)_ Compound 1-d =~ | DDPA (111) + Algs (303)
- ' ©1(415) ' S
12 MPMP (551) | Compound 1-¢c | DDPA (106) + Algy (313)
| | |65 T
13 MPMP (520) | Compound -1 | DDPA (410)
] (405)
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- Compound 1-u
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The OLED samples were charactenzed by measurmg their (1) current- .

voltage (I-V) curves, (2) electrolummescence radlance versus voltage and
3) electrolummescence spectra versus voltage The apparatus used, 200, is

shown in Flgure 2. The I-V curves of an OLED sample 220 weré measured mth

a Keﬂ:hley Source-Measurement Unit Model 237, 280 The electrolummescence
. radiance (m the unit of Cd/mz) vs. voltage was measured with 2 Minolta LS-110
luminescence meter, 210, while the voltage was scanned using the Keithley SMU.,

The electroluminescence spectrum was obtained by collectmg hght using a palr of

lenses, 230, through an electronic shutter, 240, dispersed through a spectrograph,
- 250, and then measured with a diode array detector, 260. All three measurements
. 'were performed at the same time and controlled by a computer, 270, The

device. The unitis in Cd/A.

28

efficiency of the device at certain voltage is determined by dividing the
'electrolummescence radiance of the LED by the current den31ty needed to run the



25 Exanples are nomi nal, cal culated. assuming the density -of the materi al
deposited to be ore. The conpleted. OLED device was then29&keambert20ii4 t he
vacuum cwantese7end characterized i mmedi ately wi thout encapgghbi/fise A
¢ sunmmary of the device |layers and thicknesses is given in_ Table 6. In all.

- cases, the anode was | TO as di scussed above, and the cathode was Al having
a 30 thickness in TherssuligrregiverdnTable 7.belowi n some of the sanples, a
two-layer electron' transport layer was used. The |layer -indi-cated first

was applied pdjacent to the EL |ayer.per 0 02/ 02714 . 29 Decenber 2q04
PCT/ US01/ 20539 TABLE 6 éi%a = tris(8-hydroxyquinol ato) al um num DDPA 4
2, 9-di met hyl .._4__7_d4_phﬁ] {ArireluminesaentBroparties of Hidipp(asypamedst ac- - tri s(2
phenyl pyridijne) iridiun I\/FB\?Pk: Efficiency atJE Peak Approximate Peak
- bi s[4- (NN-di fet hélgm no)|- Radiengsy || pealniadiangemet kificidnenyi )| metWandengBasn | dHT
| ayer EL | ayer player| (Ghikness, Tl/Aknes|s, AftMickness, A) nm ol
Conpar ati veNP, 2484 (pp (408) 4. A ({106) 4t g3 (320) VPNP—
(520)COnpounolkyF)ﬂngDD@&é 125 i(%Al 93(306 (499) 2nHKP (541) Conp¥ind | bDIPA
(407) (580) [3VPMP—{-540)Conpotmtt=eBBPA(—H2)—+A-G3(340)-(499) ANPNP
" (525) Conpour(d | r kbDPA 10?);41)%}9 (3414 (40d). 1t 525
a ‘ .
2 1900 59 13 525
at25v . -
3 830 1.7 , 135 525
: at 18V - ‘ '
4 7.6 0.005 013 [ 521
' at 27V | : A S
5 175 027 1.8 530, 563
at25V | _ .
6 514 1.5 22 560
at 20V
7 800 - 0.57 1.9 514+
: at26' V- ; .
8 i 1200 061 | 2 517
_at28V | : _ i o
9 400 | 11 4 o545
i atl8V : B S
10 190 2.3 33 | 575
- at 16 V- S | B -
11~ 1150 12 38 b 506,526
at2sVv_| S
12 340 | 049 . ] 21 . 525
| at20V o ..
13 400 3 5 1 - 520
: - at2lV _
14 1900 5 9 . 525
15 2500 |- 6 11 | . 525,
16 | 100 0.17 0.2 560
at27 VvV _ :
17 3.5 0.005 0.014 575
at28V - , ,
18 30 0.08 0.16 590
at 26 V- ' o
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SMPMWP (570) Conpound | -i DDPA (107) + Al ga (339) (441) 6MPMP (545) Conpound
1DDPA Elllg +rr2193 (319) (462) 7MPMP (643) Conpound | - DDPA 2810ébembeARgo4
(361) (48QP28KRNP (539) Conpound 1-fDDPA (109) + Al ga (318pcARG @M
(547) Conpound -aaDDPA (105) + Alga (300) (412) 10MPWVP (532) Conpound | hDDPA
(108) + Al.ga (306) (457) 11IVPNP (603) Conmpound | -d(lll) +. - Al ga (303)

415) | 2MPNP AOra _
E520)Conpo nd 1- 1DDPA (410) (405) 27 M88BE02714 29 Decenber 2004
PCT/ US01/ 29539 TABLE 6 (continued) Saisptighth)! ayer EL Iayer ET Iayer o
Thi ckness, Thi ckness, ((Thi PgRESS ] Refi I DU4MHPUUIUAprf’6%ﬂeP8§{{)/ (400) |
15MPMP (518) Conpound | “RRIIRE | BB radiance, |  efficiency, Wavelengths, |
Sample Cd/m2 Cd/A Cd/A nm
19 © 2000 -6 8 532
at21 Vv ]
20 350 0.60 1.6 595
, ‘ at26 V , -
21 1200 - Sl s 545
at22V | .
22 - 80 1 540
atiov | ' ) |

‘The peak CfﬁCICIlCY is the best indication of the Value of the
elech‘olummescent compound in a device. It gives a measure of how many
S electrons have to be input into a device in order to get a certain number of photons
out-(radiance). It is a fundamentally important number, which reflects thé
- intrinsic efficiency of the light-emitting material. It is also important for practical
applications? since higher efficiency means that fewer electrons are needed in
* order to achieve the same radiahce' which in turn means lower power ‘
10 consumptaon Higher efficiency devices also tend to have longer lifetimes, since a |
~ higher proportmn of injected electrons are converted to photons instead of
- generating heat or causing an undesirable chemical side reactions. Most of the '
iridium complexes of the invention have much higher peak efficiencies than the
_ parent fac-m:s(z-phenylpyndme) 1r1d1um complex. Those complexes with lower -
| 15 efficiencies may also find utility as phosphorescent or photolurmnescent L
. matenals or as catalysts as discussed above. - ‘
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- (153) 16MPWP (556) Conmpound 1- nDDPA (430) (416) .17MPMP (520) Conpound

ti nDDPA (420) (419) 18WPMP (511) Conpound | 0coDDPA (413) (422)DeRMBP2004
(527) Conpound 1- RDDPA (412) (425) 20MPMP (504) Conpound 1-qgDPA (407) (417)
21MPMPConpound 1-t DPA (416) (525)(419) 22I\/PI\/POorrpound 1- ubPA (405)
(520.___ D sanpl es were h '

curr gt L

his Wed| - V) curves, (2)cieHigg ks
vol t age, and (3) el ectrolumiiescence spect ra versus voltage. The
apparatus used, 200, is 5 shown in Figynem@ The IN curves, of an OLED
sanpl e, 220, wer neasur Wth a Keithley Sgmce-Neas nt _Uni tg Model
237,280. The ele ?S}?Hnﬁ tence radiance” (i Fh DI A D 5

vol t age was rreasured with a Mnolta LS-1 10 Ium nescence rreter bi | e

the vol tage was scanqedAg,J&J glg&goﬂ@dmg fég{#% Qﬁ% g%g&%&]ll nescence
spectrum was i akﬁg coI | ecti n gls al 230,

t hrough an el®ct® 8“"3%9‘5‘?‘@!’“‘902'&6 ‘é‘F’E@ Wr ough a spectrograph 250,
and then neasured with a di odBLEM, L&g,l-' ector,- 260. Al three nmeasurenents

were perforned.at thgpsanme tinme and control I ed by a conputer, 270. The
is determpned by dividing the

¥
g Ial:flrglnﬁ% ggsigﬁcgeﬂg?aﬂeé ertq’ hm@r V%ﬁggg?wewghﬂwwwat&ﬁgl ty needed to
run the 15 device. The urd*0ory+z=CTaidA. 28 WO 02/ 02714 The results are
given in Tabjpe 7 bel ow when y =2 then z=0; :
' : . L' = a bidentate ligand or 2 monodentate ligand, and is not a
phenylpyridine, phenylpyrimidine, or phenqumnohne, with the
proviso that:
 whenL'is amonodentate ligand, y+z= 2 and
15 when L'is a bidentate ligand, z= 0; _
' L" = a monodentate ligand, and is not a phenylpy;‘idinc,-and
phenylpyrimidine, ot phenylquinoline; and

_ LA, LD and 1.° are alike or djﬂ‘erent from each other and-each of L2,
20 Lb and L€ has structure (T) below:

: wherein:
2 adjacent pairs of Rj-R4 and R5-Rg can be _}omed 1o form a
five- or six-membered ring,
at least one of Ry-Rg is selected from F; CpFon+1,
OCnF2n+1, and OCFpX, wheren=1-6 and X =H, Cl, or. Br, and
A =CorN, provided that when A =N, thereisno Ry, -
30  wherein the iridiuvm compound is present in an amount of at least 20% by welght
of the emitting layer.
2. The device of Claim 1 whereinx=1,y=0,andz=0.
3. The device of Claim 2 wherein A = C and none of Rl-Rg is selected

frommtro
31
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. 29 Decenber 2004 PCT /USOL/ 20539 TABLE 7 Electrol um nescent Properties
of Iridium Conpounds Peak Efficiency at Peak Approxi mate ROdkecember 2004

Sanpl eRadl ance,
Conparg 90. 48522 at 22 V 4
A u'\l“

'25 at 21 V 5.9

4. The device of Claim 1 wherein Ry is CFs.

3. The device of Claim 4 wherein at least one of R5-Rg is selected from
F, CaFan+1: OCnFon+1, and OCFoX, where n=1-6 and X = H, Cl, or Br.

6. The device of Claim 2 wherein A = C, R3 = CF3, R7=F, and Ry, Ry,

5 Rg-RgandRg=

7. The dewce of Claim 2 wherein A =, R3 and Rg = CF3, and R], Rg,
R4, R5,R7and Rg =1H.

8. The device of Claim 2 wherein A = C, Ry = CF3, Rg and Rg =F, and
R1, R, Rgq,R5, andRy=H.

10 9. The device of Claim 1 wherein x=0and y = 1 having a structure (VI)
below:
|
CH;
N/ TN
A (VD
o s
ZN P I
) 0C,H;
CPs /2 |
\ :
- 15 - 10.  An organic electronic device comprising an emitting layer whereinthe

emitiing layer comprises a diluent and less than 20% by weight of at Ieast one
compound that has a Second Formiula below: '

20 ELALbL! oL,
L (Second Formula)
where:
y=90,lor2, andz 0 or 1, with the proviso that;
- wheny=2thenz=0; ‘
25 L'=a bidentate ligand or 2 monodentate ligand, and is not a

phenylpyridine, phenylpyrimidine, or phenqumnolme withthe

proviso that;
when L' is a monodentate ligand, y4z = 2, and
when L' is a bidentate ligand, z=0;

32
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! at 28 V 4001. 1545 at 18V 101902. 33. 3575 at 16V 1111501. 23. 8. 506, 526 at 25. V.

[ 123400. 492. 1525 at 20V 13400520. at 21 V 1419009525 152500@9 Cwetembtr 2004

| 161000.170.2560 at 27 V 173.50.0050. 014575 at 28 V 18300. 080. 16590 at 26V 29 -
WO 02/ 02714 29 Decenber 2004 PCT/ USOl/ 20539 TABLE 7 (continued)

:eakApprOX| nmat e #e 5 : e

L"= a monodentate ligand, and is not a phenyipyridine, and
phenylpyrimidine, or phenylquinoline; and -
L3 and Lb are alike or different from each other and each of L2and
LP has structure (I) below:

wherein:
adjacent pairs of Ri-R4 and Rs-Rg can -bé,j'oined to forma
10 five- or six-membered ring, |
at least one of Ry -Rg is selected from F, CyFon1,
OCyFon+1, and OCF2X, where n = 1-6 and X = H, CL, or Br; and
~ A=CorN, provided that when A =N, there is no Rj.
_ 11. The device of Claim 10 wherein the diluent is selected from
15 poly(N-vinyl carbazole), polysilane, 4,4 N,N'-dicarbazole b1pheny1, and tertiary
aromatic amines.
12.  The device of Claim 1, firther comprising a hole transport layer
selected from N,N'"-diphenyl-N,N"bis(3-methylphenyl)-[1, 1'-b1pheny1]-4 4'-
diamine (TPD), 1,1-bis[(di-4-tolylamino) pheny}]cyclohexane {TAPC),
20 N,N'-bis(4-methylphenyl)-N,N"bis(4-cthylphenyl)-[1,1'-(3,3" -dimethyDbiphenyl]-
4. 4-diarine (ETPD), tetralas-(S-methylphenyl)~N N,N',N'-2,5-phenylenediamine
(PDA), o-pheny}-4-N,N-diphenylaminostyrene (IPS), (d1cthylam1no)—
benzaldehyde diphenylhydrazone (DEH), triphenylamine (TPA), blS[4-(N, -
dlethylammo)-Z-methylphenyI](4-meﬂ1ylphenyl)methane (MPMP), 1-phenyl-3-
25  [Ip- (dzethylammo)styryl]—S—[p-{d:eﬁxyla:mno)phenyl} pyrazoline (PPR or DEASP),
- 1,2-trans-bis(SH-carbazol-9-yl)eyclobutane (DCZB), N,N,N' N'-tetrakis(d-
methylphenyl)-(1,1"-biphenyl)-4,4'-diamine (TTB), porphynmc compounds, and
. : combinations thereof.
y 13. The device of Claim 1, ﬁJrﬂzer comprising an electron transport layer
, 30  selected from tris(8-hydroxyquinolato)aluminum, 2 ,9-dimethyl-4,7-diphenyl-
o ‘ 1,10-phenanthroline (DDPA), 4,7-diphenyl-1,10-phenanthroline (DPA), 2-(4-
o biphenylyl)-5-(4-t-butylphenyl)-1,3,4-oxadiazole (PBD), 3-(4-biphenylyl)-4-
phenyl-5-(4-t-butylphenyl)-1,2 4-triazole (TAZ), and combinations thereof.
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203500. 601. 6595 at 26 V 2112005545 at 22 V 22801540 at 19 V The peak
effici ency is the best indication of the value of the el eoiDeebmbbneExRent
corrpound in a device. It gives a neasure of how many 5 el ectrons have to be
; in order to g6ldeG

Aot 2 fundanental |y {Eh8 ‘,
intrinsic eff|C|ency of the |ight-em ars NPOrt
for practical applications, since higher effici ency means that fewer
el ectrons are needed 14n Awmm&m@éﬁoﬂmﬂaﬁeh&e&mﬁbﬁﬂnﬁ%ﬂﬁ(mm chin turn

means | ower pO%ranﬁQoxﬁﬁﬁh%HﬁB{ﬁéréaﬂm&’bﬂﬁ%le&éJﬁo%&% G aha0 tend Lo
have | onger IlfetL%ngmqgm&g ,gagﬁ ;glp?lportl n |nj el ectrons are
converted to phot ghogp in dr £ ]?c"(‘,"hum ng an undesirabl e
chenical side reactions. Mst of the iridium corrpl exes of the invention
‘have nuch hi gher peak efficiemngies Rgﬂangf he

fac-tris(2-phenyl pyridine) iri¥iuy corrp\ﬁ
efficiencies may also find utilj

%ar ent )
./ Those conpl exes vmth | oner 15
rescent &r phot ol ui ni-nescent

materials, or as catalysts, ™S : ~R1 30° 29 Decenber 2004 9 s
CLAIM5S What is clainmed is: 1. Ape ic troni c device conprising an
emtting |ayer conprising b5 i rlﬂi um conpound having a formul a

bel ow. IrLalLblgXVYV z 1 10 15 where:

15. A compound having a structure selected from structures (IV) 2
(VD), (IX) and (X} below:

10
l ,
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x=0o0r 1, y =0,10r 2, and z = 0 or 1, wth the proviso that: x4. Oory
+z= 0 and Wneny 2t henz =0; L' = a bidentate |I|igand or a @xomxtenibat 2004
ligand, and is not a phenylpyridine, pbenylpyrimndine, 'or

phenyl quinoline; wth the proviso that when L' is a nonodentate Ilgand
- n L' ;l AL L ‘_:“-: f\% Z = 0, 1t = A
. gt a phenyl pyri didggieaaiziaheny| pyrim din
phenyl quinoline ; and ta, Lb and Lc are aI i ke or different from each ot her
and each of La, 20 Lb and,Lc has structure (1) below wherein: 25
adj acent pairs of R1-14 an RSFR& clan be joined to forma five- or six
menbered ring, at |least ong of |RL-RS is sel ect ed-from F, ChnF2n+1,.
OCnF2n+1, and OCF2X, wher ef. nd X =11, d, .Br, and A = Cor N,
provi ded that when A = N, }hf ho R1, éﬁ wher e| n the iridium conmpound
is present in an anount of| a : 20°ob |ght of the emtting | ayer.
2. ,The device of Caiml whereyn x~1/~x 0, and z = 0. 3. The device -of
i i i el ect ed f(VBm nitro. 31 .Xv 29
rein R3 is CF3.-S. The device of -
ect ed from F, 2n+le OCnF2n +1,

Decenber 2004 4. The devicle pfF
Cl aim4 wherein at |east onef of [R5-R8 is
and OCF2X, where n = 1-6 and™X a, or Br> 6. The device of dlaim?2 .
wherrein A = C, R3 = CF3, R7 = F, d R, R, 5 R4R6 and Rg=H. 7. The.
device of Claim2 wherein A = @3 R3,and R6 = CF3, and R, R2,

(9]
2
I b, GF3
“ N \0/—
)
CFs /2
(0.4

16. An organic elcctromc device comprising an emitting layer that
v 10  comprises a compound selected from the following (i) and (ii):
7 (i) 2 compound having a formula selected from fac-Ir(L)3, mer-ir(L)3, and
3 combinations thereof, where L is a group selected from 1-a throngh i-m. and 1-q
' through 1-v, as shown in Table 1 and has stracture (I} below: '

B

Em ‘Fw A 1




5_ phenyl pyri di ne, and phenylpyr{

R4, R5, R7-and R8=H 8. The device of Jdaim2 wherein A=C R3 = CF3, R6 and
: Rg': F, and Rl, R2, R4, R5, and R7 = H 10 9. The device qﬁ;@}dgmndrgmh¢reln
X 0 and y = | haV|ng a structure (VI) below 15 10. An organic
electrogt cylce conprising an emitti .Ia‘er wherei n the N
conpr i eS| edd and | ess than BBEEEGRE Nt of at | eaoHiBRbe
that has a 'ornula bel ow 20 TTLALBE™ yL"z ( SecontB™EoF i ar wier e:
y =0,1o0r 2, and z = 0 or 1, with the provi so that: wheny= 2thenz 0; 25 L
= a bidéntate 'Iigand or a -nodeqéatekllga , and is not a:
phenyl pyri di.ne, phenyl pyrirnith ne hhen qui nol i ne; mjth'the- proviso
that: when L' is a nonodentate 3 and when L' is a bidentate
ligand, z = 0; 32 29 Decenbk ntatédligand, and is not a
enquuinoline; and La and Lb
are alike or different frome afid eych of La and Lb has structure
(1) below. 5 a wherein: adjacéht pairs of RI R4 and R5-R8 can be joined to
forma 10 five- or six-nmenbered ring, at |east one of RL-R8 is selected
from F, CnF2n+l, CCnF2n+1, and OCF2X, where n =1-6 and X =H d, or.Br
and A = Cor N, provided that when A =N, there is no Rl.

(i) a compound having one of structures (IV) W, (VD, ({X), and (X)

5  below:

10
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11. The device of Caim10 wherein the diluent is selected from 15

pol y(N-vi nyl carbazole), polysilane, 4,4 -N N -dicarbazol ezghn&mmér,zogmd

tertiary aromatic am nes. 12. The device of Caim1, further conprising a

hol e transport Iayer selected from N N' Bi phenyl -N, N.-
T iXE wetdsdi.am ne (TPD), 1,

NN- bi s(4 et hyI phenyl )-NN - bi s(4- ' : : T

et hyl pl.aenyl)-[1,1"-(3,3" -tijinethyl )‘bi phenyl)- 4,4'-di am ne (ETPD),

tetral ds -(3 nethyl phenyl ) NN, , N + 2, 5-phenyl enediami e (PDA), a
phenyl -4 N, N-di phenyl ami nos yrepe TPS), p-(diethylamno)- benzal dehyde
di phenyl hydrazone (DEH), ; am ne (TPA), bis[4-(N'N - -

diiet hyI am no) 2-net hyl phe hyl pheggl ) met hane (ML' MP), 1-phenyl 3
et m no) phenyl] pyrazoline (PPR or .

DEASP) 1,2-trans bis(9H arb 4 ") &¥cl obut ane DCZB), N, N,
N ,N--tetral ds(4- nethyl phgny iphenyl)-4,4" >"di am-ne (1TB),
por phyrinic corrpounds and o] ereof. 13. The device of Cdaim

anspor 0G;Hyer 30 sel ected from

m Nu 2,P-di methyl -4, 7-di phenyl - 1,10

Wl - 1,110- phenant hrol i ne (DPA), 2-(4-

bi phenyl yl)-5-(4-t- butyI ph nyl )= 1, 3,f2- oxadi azol e (P13D)

3-(4-bi pheayl yl ) -4- phenyl -5-(4-t- thyI phenyl )-1,2,4-triazole (TAZ), and
conbi nations .thereof. J 33 9115, 29 Decenber 2004 ‘14. - A conpound having a
formula selected from fac-r(L)., ner-Ir(L)3, and conbinations thereof,
where L is selected fromgroup tj through 1-Mand j through | _v. as
shown in Table 1, and has styuet i
structure selected fromstruyc
34

(1), (V), (VI). 030 and (X) bel ow 10

O,
AN,
) Ir\\ ’,/——CFs
0 .
5 (IX)
F
“ "N
X
CFy3/ 2
X)
v 10 17. The device of Claim 16 wherein the em.lttmg layer fw:ther compnses a

_ diluent,
3 ' 18. The device of Claim 17 wherein the diluent is selected from
B poly(N-viny! carbazole), polysilane, 4,4'N,N-dicarbazole biphenyl, and tertiary
aromatic amines, _ :
_ 15_ 7 19. ' A compound selected from compounds 2-a through 2-d, 2-f through 2-

37
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29 Decenber 2004 F 16. An organi c el ectronic device conprising an emtting
| ayer that 10.conprises a conpound selected fromthe fol [20dergn{be)y 2004
(1i): (|) a corrpound having a formul'a sel ected fromfac Jr(L)3, rrer-lr(L)S
and genbiEne |

Decenber 2004 (i |) a conpound havi ng one of sfructures (rvy, :
(1X), apd (X) 5 below. 0 \O-CF3 (V) 10 36 29 Decenber 2004 5 LJ2NN CF3 2
10 17. The devi cersmd%!ltbm!ﬁh_ﬁ wainiabled, heving stiupigrel@kslowt ur t her conprises
a diluent. 18. the device of Claim17 wherein the diluent is selected from
pol y(N-vinyl carbazole), polysjlane, 4, 4WN -di carbazol e bi phenyl, .and
tertiary aromatic am nes. 157% %5 co 2sel ect ed from conpounds 22-a
through 2-d, 2-f t hrough 2 37 g 04 r, and 2-t through 22aa as
shown in Table 2, having stRpe R (1)) :

Rg Re Ry ’
5
10 :
20. A compound having structure VII below:
]I_}.
b c
I\ /O\Ir L
-
B
- wherein:
15 - B=H, CH3, or CoHs;
13 1b 1¢ and Ld are the same or different from each other; and
each of L4, LD, L°, and L4 has structure (T) below:
@
20

wherein:
adjacent pairs of R1-R4 and R5-Rg can be joined to form a
five- or six-membered ring,
at Jeast one of Ry-Rg is selected from F, CyFop+1,
25 OCyFon+1, and OCFpX, wheren=1-6 and X =H, C, or Br, and
- A=CorN, provided that when A =N, there is no Ry.
21, The compound of Claim 20 wherein:
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10 20. A conpound having structure VIl below B wherein: 15 B = H, CH3, or
C2H5; La, Lb, Le, and Ld are the sane or different from ea28Daxehder 2604 '
each of L% Lb, Lc, and Ld has structure (1) below. 20 wherein: adjacent
pa| rs of R R4 and R5-RS can be j oi ned to forma five- or six-nenbered
s of RI-Rg is sel, . _ '

2997 6 and X = H CHOUME ind A =
when A =N, theleis no R . 21 The conmpound of d ai m 20
w La=LR=Lo=Ld; B=H R3 = F&] =F;, R, R2, R4-R6 and RS =
December 2004 [A=10=[0=1% : ,

B=H;
R3 =CF3;
! 5 . R}, Ry, R4-Rgand Rg ~H,
"
y
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