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Description of the Related Art

.Organic electronic devices that emit light, such as light-emitting 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
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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
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

25

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

et al., Published European: Patent Application 443 861. Complexes of

‘8-hydroxyquinolate with trivalent metal i 10ms, particularly aluminum, have been

30:

extensively used as electrolummescent components, as has been dISCIDSed in, for
example, Tang etal., U.S. Patent 5,552,678, '

Burrows and Thompson have reported that fac—hus(z-phenylpyndme)

-~ .mdlum 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

35

. fac-trisf2-(4',5"- dlﬂuorophenyl)pyndme-C'2,N]md1um(I]]) (Polymer Preprmts
2000, 41(1), 770) -

However thereis a contmumg need for electrolumnescent compounds
havmg improved efficiency.
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"Q@ui d- ance Not gslo®n Codes andAbbrevi ations " appearing at the begin- ning
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ELECTROLUM NESCENT | Rl DI UM CONPOEDRE'IY,TH FLUORI NATED PHENYLPYRI DI NES,
PHENYLPYRI M DI NES, %&HENYLQJI NOLI NES AND DEVI CES MADE W TH SUCH
COMPOUNDS (57) Abstract: The present invention is generally directed to

el ectrol um nescent | r AT99r leBmloliords mndared e lpwith e proiso hayheny| pyr i di nes,
phenyl pyri m di nes, and pherddrgeiarodamdes that are used to make the Ir(I]I I)
conmpounds, and devi ces t%&f;gﬂgﬁggoyvith the Ir(l1l1) conpounds. RECERI Et

flasvl e-u CENT R L' =a bideniate ligand or a monodentate ligand, and is nota
phenylpyridine, phenylpyrimidine, or phenylquinoline; with the
proviso that:
whenL'isa monodentate ligand, y+z=2, and
when L' is a bidentate ligand, z = 0;
L" = a monodentate ligand, and isnota phenylpyridine, and
phznylpyﬁmidine, or phenylquinoline; and

A, LD and 1.© are alike or different from each other and each of L2,
~ LP and L has structure (1) below:

" wherein: :
adjacent pairs of Ry 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.




150 -140 --130 WD 02/02714 29 Decenber 2004 PCTI USOL/ 20539 TI TLE
ELECTROLUM NESCENT | RI DI UM COMPOUNDS W TH FLUORI NATED  PHBNAE¥BLP 08z,
PHENYLPYRI M DI NES, AND PHENYLQUI NOCLI NES AND DEVI CES MADE W TH SUCH
COMPOUNDS 5 BACKGROUND OF THE I NVENTION Field of the Invention This
~invention relates to el ectrolum nescent conplexes of iridium(M wth

. fluorinated phenyl pyridi nes, phenyl pyrimdines, and phenyl quinolines. It
also "relates to electronic devices in which the active layer includes an
10 el ectrolum nescent Ir(l11) conplex. Description of the Related Art
~Organi c el ectroni hadecdnde@etthﬁtheem'mud)ﬂ Glte is pracideddn driGid el@Fohit dBGeedi 0des

t hat nake up RI.es in m ifferent kinds of electronic
equi pment . glgﬁﬁhg %m\gl &Y %{ﬁm(.ril? geé‘?’l{g%‘g £ GoEPrisey 8 dilpent andlesgithage d

bet ween 15 t%@wughtlofalleasomﬁe&ompblmﬂemhasAlSeb@ﬂSionﬁlﬁleban.t he el ectri cal
contact layers is |ight- transm’tting so that light can pass through the
~electrical contact |ayer. eb or.gani ¢ active layer emits |ight throtgh the
light-transmtting el ectrll’g'ﬁ LLognzact | ayer upon application of
electricity across the el €ondFatmeddnt act | ayers. It is well known to use
organic el ectroIM?,@escent conpounds as the 20 active conponent in.
light-emtting diodes | ecul such as anthracene,

t hi adi azol e deri vati \/Oef @ﬁ% gﬁfﬁﬁwﬂh%wgﬁ%ves are known to show .

el ectrol uni nescence . WIEHTHHNET Dve conj ugat ed pol ymers have al so been
used as electrol umwﬁmm@mmﬁm@mghﬂgmmt@h sclosed in, for

exanple, Friend et al , , U S Pat ent
5, 408, 109, and Nakano Bwﬁﬁg%ﬁﬁh‘?‘?ﬁéz éﬁ’g“&%‘gﬁgﬂ%}"&ﬁﬁgmpl i cation 443
861. Conpl exes of S h¥HsRGui nolate with trivalent netal ions,

particul arly al um num -hawhehldre mexdeatateiligmdyy+aseonds el ectrol um nescent

conponents, as has been diwﬁ:@dﬁ%i&eﬂmeixﬁa[n 42@nple, Tang et al., US
Pat ent 5,552,678: Burrows and Thonpson have réported.-that fac-t ris(2

phenyl pyri di ne) _ 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.
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30. iridiumcan be used as the active conponent in organic light-emtting
devices. (Appl. Phys . Lett. 1999, 75, 4.) The perfornan%mécelmgr%é@d
when the iridium .conpound is. present in a host conductive nmateri al
Thonmpson has further reported devices in which the active layer is poI y(N
-vinyl " carbazol e) doped with
fac-tHs[2. ~(4,5" -dif henyl ridi ne 2 N di (Pol yrer
Preprints .35 2000, knlf’l%f? P?%Jf%%‘(ﬁém ererjg prgvid %C%W%%ﬂvﬁ@arf%@ﬂﬂ? or
2004 SUMVARY OF THE, | NVENTIO T & [11 ] epact ot 1 hg et Lohe L hare i
afirs ect of t |nvent|on there is
provi ded an or g%rﬁ}“?:—%%%ﬁ‘—]cm’gévg@é‘m é#p%%‘?%ma?? frupiae (D
conprising at |®edst: one iridi um conpound haV| ng a forrrul a beI ow.
I rLaLbLcxL yL" 'z, where: x =0 or 1, vy =0,1.0r 2, and z = 0 or 1, with
the proviso that: x=Dory+z=0gpd vlt;enyggt heng, -0; L' = a bi dentate |igand
or a nonodentate |igand, and\s fiot a \pheAyl pyri di ne, phenyl pyri mi di ne,
or phenylquinoline; with the £ i en Vis_ a m)nodent ate |igand,
y+z = 2, and when L' is a oog§ ‘ Y R+ 0 @ = a nonodentate
i gand, and is not a phenyl pyri p+re, and NgRenyl pyrim d| ne , or
phenyl kl ui noline; and L Lb ang/Lc are al /ke different from each other
and each ofLa; Lb and Lc has sftucture (1) bel ow. wherein: adjacent pairs
of RI -R4 and R6-Rg can be joined to forma five- or six nenbered ring, at
| east one of RI RS is selected fromF, CnF2n+l, OCnF2n+1, and OCF2X where
n =1-6 and X = H, Cl, naffoldfth asped of the invention, there is provided a compound having a

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

n
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A =Cor N provided that when A =
conpound i s present in-an anount of
| ayer. 29 Decenber 2004 In a second
provided an organic el ectronic devi
the emtting.layer conprises a dilu
| east one conpound that has a Secon

For mul a) mhere 'y =0;1 or 2, and
= 2 then z =0; L' = a bidentate
not a- phenyylpyridl ne, fphenylpﬂ
provi so that: when L' is aj nonpdent
bi dentate ligaud, z = 0; L"
phenyl pyri di ne, and pheny] pg

are alike or different frgmi

structure (1) below. wherdi n:~at0
joined to forma five- or] six| menb
selected fromF, OCnF2n+1,] - &P

Ccl, or Br; and A = Cor N,
Decenber 2004 In a third 4
conmpound having a fornul a

i he,

N, there is no RI, wherein the iridium
at | east 20% by vei ghtog Sdcelier bkt i ng
aspect of the invention, there is

ce conprising an emtting |ayer wherein

ent and.less than 20% by wei ght of at

d Fornula bel ow. IrLalLbL' yL" z -(Second

z =0or 1, with the proviso that when y

|gand or a nonodentate ligand, and is

rimdine, or phenyl qui noline; wth the

ate ligand, -y+z = 2, and when L' is a

hodentate ligand, and is not a

or ggnquU|noI|ne and La and Lb
ner _an ch-of La,and Lb has
YWIEEE of R R4 and RS-RS can be
;ﬂgd rijyng, . at l(¥Bst one of Rl -RS is
|, OCF2X, where n = 1-6 and X = H,
H t hat A= N thereis no RL. 2a 29
I he | nve on, there is provided a

fromf ac- Ir(L)3 mer-1r(L)3, and

conbi nati ons thereof, wher L.ﬂs segected from group 1l-aa through 1-m and
jg through 11 v, as shomnrln Tablq 1, and has structure (I) below
F
AN
Ir: b, CF3
“Z N \\tfr”
)
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 ﬁ:c-It(L)3, mer-Ii{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 bas structure (D below:

2c



(I') I'n a fourth aspect of the invention, there is provided a conpound
having a structure setected fromstructures (TV), (V), (@bkkxgh%%rg

bel ow. (V) 2b 29 Decenber 2004 1 In a fifth aspect of the invention, ere
is provided an organic electronic device conprising an emtting Iayer t hat -
conpri ses a conpound selected fromthe followi.ng (i) and (ii): (1) a
conpound having a fornula selected fromf ac- through 1-m and g through J
as shown in Table | and has structure (1) below 2c 29 Decenber. 2004 (n) a
conpound having one of strucffzres Nvgh (V), (V), (I, and (X) bel ow. (V)
CF3 2d 29 Decenber 2004 Q |n ™% si ect the invention,-there is
provi ded a compound sel ected fr conpo ATS 2a t hrough 2A, 2-f through 2
29 Decenber 2004 r, and 2-tR§ Rywn idDTabIe 2, having
structure (11) below. In a seve the invention, there is

provi ded a conmpound having s w. wherein: B WH, CH3, or
C2H5; La, Lb, Le, and Ld are e sane or diff¥®rent fromeach other, and
each of La Lb, "Lc, and Ld has structure (1) bel ow. wherein: adjacent pairs
of Rl Li and R5-RS can be joined to forma five- or sine nenbered ring,

(ii) 2 compound having one of structures (IV), (V), (VI),(IX), and (X)

below:

[, |

O

o |
/‘ <O>—CF3 )
" N

\II./OHz
N ™
(9]
F N/A }\
N o’ CF;
CF:
3 }_2
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at least one of R-R8 is selected fromF, CnF2n+l, QOCnF2n+l, and OCF2X,
where n = 1-6 and X = H C, or Br, and A = C or N, providgsbcehdler 26N A
=N, there is no Rl, 2f 29 Decenber 2004 WD 02/02714 PCTI U901/ 20539 The
present invention is directed to an iridium conpound.(generally referred
as "Ir(lll1) conpounds"”) having at |east two 2-phenyl pyridine |igands in,

which there is at |east one fluorine or fluorinated group on the | igand.
The iridium conpound has the follow ng First Fornmula: IrlLalLbLcxL'yL "z
(First Formula) where: 10 . 20 x ¥ Oor 1, y =0, 1 or 2, and z = 0 or 1,
with the proviso that: x= d wheny= 2thenz =0; L' = a bidentate

| i gand or a nonodentate. | ifjgand is not a phenyl pyri di ne,

phenyl pyri xni di ne, or phe
a nonodentate ligand, y+z
L" = a nonodentate |igand,
phenyl pyriniidine, or phe
di fferent fromeach other
bel ow. wherein: adjacent
five- or 25 six-nenbered
CnF2n+l, OCnF2n+l, and OCF

ifne; with the proviso that: when L' is

when Logis a bidentate |igand,

enyl pyri di ne, "and '
La, Lb and Lc are alike or

a, b and Le(Mhs structure (1)

a{d R5-R8 can be joined to formm

R1-R8 is selected fromF

n =1-6 and X = 1=, d or, Br, and A =

z = 0;

P
B,

Cor N, provided that when ere is no Rl
2
F
o)
/ ‘\
] I P CFs
“ "N \0/—
s
CFy /2
)
F Br
ir '
“ N \N/
_ N \~I '
CFy /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



I n one enbodi nent, the present invention nmay be directed to substituted 30
27phenyl pyri di ne, . phenyl pyri m di ne, and phennyl qui no i ne poasdtehiNer 2004
conmpounds from which the above Ir(l111) conmpounds may be made. The
precursor ~conpounds may have a structure (u) or-(lIl) below 2 s 29
Decenber 2004 : WO 02/ 02714 PCTUUSO1 /20539.R8. RO R4 5 where A and RI1-R$
may be defined in structure (1) above, and RO may be H R17 R16 R1D, Rl11
R13 10 at .l east one of R10-R19 may be selected fromF, C'F2~ 1, QOCnF2n+1,
and CCF2X, wher e rend 24 tigough 2-axasshewn i@iTable?, hixing strnciure @®elowy be H. It is
understood that there is free rotation about the phenyl-pyridine, 15
phenyl -pyrimdine and the phgnyl-quinoline honds. However, for the
di scussion herein, the conpot¥ ma | O] deg@ribed in terns of .one

&s€nt invention may be directed to
. h—ome em@ing |ayer conprising
the above Ir (Il conpound, or of the-above |Ir(DlI) conpounds.
20 As used herein, the term"cghponnd" is inended to mean an electrically
unchar ged substance made up of8 nol d®ul es that4further consist of at ons,
wherein the atons cannot be separated by physical nmeans. The term"ligand"
is intended to nean a nolecule, ion, or atomthat is attached to the
coordi nati on sphere of a netallic ion.. The term "conpl ex", when used as
"a noun, is intended to nean a, 25 conpound having at |east one netallic
ion and at | east one |ligand. The term "group"” is intended to nean
apart-of a conpound, such a substituent in an organic conpound or a
ligand in a conplex. The term"facial" is intended to ~nmean one isomer of.
a conpl ex, Ma3b3, hawi sryenshasicetchf Hie igieotiern; there i proyjidpd # cqmpgound having '

structure VII below:

an organic electronic devig

* 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



WO 02/ 02714 29 Decenber 2004 PCTI US01/ 20339 three "a" groups are all

adj acent, i.e. at the corners of one face of the octahedr ®a.pecEifbeat 266
"meri di owabbzm:&u ntended to nmean one isonmer of a conpl ex, ﬁ?@/’ﬁorz osfAVI Ng
oct ahedral geonetry, in which the three "a".groups occupy three positions

such that two are trans to each other. The phrase "adj acent to," when used
torefer 5 to layers in a device, does not necessarily nmean that one | ayer

is-imediately netheﬁrQseﬁf‘El ori§ Ectecgb%hﬁ tH@@ﬂl é}lﬂe?a rase

"adj acent R er to ne to each
other.in a c%é %i{asffg&ﬁﬂp%mwur@s ) lRving s Jeas melmdmﬁdmlﬂ@mw by a
bond) . The t ehioh'theativacldastene TRHEAS of Budiiated %b%%bﬁihetl%%hd exhs Ridi

el ectrol n cence hat o tivity. SCRI PTT ON OF THE W NGS
15 20 Irtge;]Lb ﬁaﬁ% ‘HPW%EF&% B‘iﬂe z, La, Lb,L', and L"are as
‘defined in the F| rst For mul aIrIa%bIaecL')lUgJU) Corrpc@ilﬁchktmdl g the follow ng
Third Forrrulals %Tfrequently referred 25 to as a tris-cyclonetal ated

conpl ex.: frlLaLbLc. hird Fornula) where: La Lb and Lc are as.defined in
the First Fornula dedctPOsed }ﬁfi&dé Orﬁﬂaﬂd%‘plcgdsmthtmpmvmohhatatl c di agram

of a light emtting devbg:-_eo(df dpgure 2 is a schematic di agram of an
LED test, o9 appar at us. TAIl L SCRI PTI ON OF THE PREFERRED EMBODI MENTS
The Ir(IIII) conmpounds of%W ‘H’ey’f 358 have the First Formula Ir(111)LaLbL

CL'y above. The abovE'#a@ddﬁa@ﬁg@ﬂ%d&n@h&ﬁtﬁ@]@ﬂaj dﬁ@h@f;{ ed to as

cycl onetal ated conpl exe ounds,.havi n | | OWI n Second
Fgrmjl 2 is also P ien lp)(mémg p pyrimidine, orpgenyE1 o €; |

proviso that:
when L' is amonodentate ligand, y+z=2, and
15 -when 1 is a bidentate ligand, z=0; '
‘ ' L" = a monodentate ligand, and is not a phenylpyridine, and
- phenylpyrimidine, or phenquwnolme and
L3, LP and L¢ are alike or different from each other and each of L3, 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‘



frequéntly referred to as a bis-cyclonetal ated conplex.: The prefer red
cycl onet al at ed conpl exes are neutral and non-ionic, and ng&gn@gpm@gad

i ntact. Tyoprozforfmas of these materials obtained via vacuum %
exhi bit good to excellent electrolum nescent properties. uctron of
fluorine substituents into the Ii gands on the iridium atom i ncreases bot h-

of t Iex . As a result, vacuum

the stability and volatili
r%ltures and deconp05|t| on of

deposition can be carried out at omer enp.
t he conpl exes can be avoided/ T roduct| oy
the I'igands can often redy @ ,
sel f - quenchi ng phenonenon in Whei/ i . 4 29 Decenber 2004 WO

02/ 02714 PCT/US01120539 Thesg reductions caf | ead to enhanced | uni nescence
efficiency. Variation of s8Bstitdents with eRectron-donating and

el ectron-wi thdrawing properties allows for fine-tuning of

el ectrol um nescent prv@,gperAh&pquigglmqummg&@ag P RRe opt| m zation of
the brightness and efficienc | n an el ectrol um nescent device. 5 Wile not

Rlecay rEye and the

wi shing to be bound BydRn@ayle is believed that the emission fromthe
i ridiumcgnmpounds is |igand- based_ resulting fromnetal -to-1igand  charge
transfer.” - Therefore, conpounds that can exhibit el ectrolum nescence

include those of conpoungs, of ti&{% ﬁ%ond E\?f mJI a IrLalLbL' yL "Z above, and
the Third Formula IrLalLb Above, \W La, Lb, and Lc in the Third
Formul a are 10 phenyl pyri di/pes) - i m d 2s , or phenyl qui nolines. The
R -R8 groups of struBjgies - = rd the RIO R 9 groups of
structure (111) above may by ; n enkl onal substitutents for
or gani ¢ conpounds, such as/ ‘ -. oger, ni trdand cyan groups,
as well as fluoro, fluor uorinated al koxy groups. The
groups can be partially or fully quoar ted R§4(perfluor| nated). Preferred.
i ridium conmpounds have all RI-R8 and RI.OR19 substituents selected from
fluoro, perfluorinated alkyl (CnF2n+l) and perfluorinated allcoxy groups
(OCnF2n4l1), where the perfluorinated al kyl- and allcoxy groups have 1-6 .
carbon atons, or a growgepd: the fornula OCF2X, where X =H d, or Br. 20
It has been found that the el ectrol umi nescent properties of the ,

cycl ometdl ated iridi um conpl ¥4 oz ef Rodneraxprasleated fromd, 6xFanpr e of the RI

R8 . OCyFopyy, and OCFyX, 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'mpéund; 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



and RIORI9 groups is a nitro group. Therefore, it is preferred that none
of the RI-R8 and RIO-RI9 groups is a nitro group. The ni by egeameendgiqi ng
ring camtezee7pyridine ring, a pyrinmdine or a 25 quinol p@@msbmdagg
preferred that at | east one fluorinated substituent is on the '
nitrogen-containing ring; nost preferably CF3. Any conventional |igands
known to tr§ﬁ§¢t$oﬁ0m&1€aﬁ@dﬂd¢m;ﬂ¢ @htheadvendrs bf ynd facs uf thabkehadrohhe L' and
L" Iigands. Thx & d avi ng two
coordi nat i n&%a%%% Iq'(]i?}((:){;’)édag{melt% fed ?%?ﬁ)%éeiaiﬁgpgoacg@e@g{lﬁ%}%éhat e, which
may be subs gé’ﬂtah ahef Oél?t‘é!fmnﬁh’ﬁ thae" I%W@CCMMCMQOSWOOSI de and

nitrate i onsuchifan®uoaraMfanet. cabli oilsr., pTEé MaSéj“édj'aﬂJe {138 Whdi iy ﬁﬂﬁpl ex be
neutr al sand s%bl i_mabl ent at ﬂd is usedeld oul d

have a riet Sharvgs Bf d%“r‘f&sdoc‘?ﬁgc’t(&f?ssmg ‘f‘G‘\i‘P Y%ftlélqlm@@ﬁw B used,
they ‘shoul tb am:rﬂ&rdamnﬁ]nrthei othet hmdat@@MiseMadjasem Regfoups,” ishized to

b | f ul
Crios syol onr aosgrous AP AR EAR Bls & Hond B ALBRAe: R rowssane. 11
a preferr ed%ﬁ%&%@@squ@ by & bonshh ddeierom Splivdeactive” fHtiirs tb dor mul a

| rLaLbLC asnggsil tlﬁe&cﬁbﬁyaectﬁﬁn%ﬁsé@ﬁeé ar@BfphafRdetiOry 14 PCT/ USAI /20539
In a e preferred enbodi g t = = Le, ese nore preferred :

conmpounds frequently exhi term ned by. single :
crystal - X-ray dFig‘urcad:ﬁswﬁchemﬁutv\hiagfanihﬁa[ighf-@ﬂﬁﬂn@&&ff@e ganydi nated to the

I ridiumare trang, ﬁh reciloectté ao car € @Ef)ms coordinated to the iridium
These nore preferr%# (1550% R7E i P For mul a:
fac-1r(La)3 (KL EaBODIRIBOVES 10 The

conpounds can al $Re &M bty r ORI whi ch, two of the
v di ngt eélpta%ﬁ%hdﬂf@g!:%%ﬁlareet&ahgsto“é“% ot her. These

nitrogen ato
conpouﬂgs @ﬁ)lf%eLFﬂPyébﬁ‘ﬁg Fifth Formula: nmet'- Ir(La)3 (Fifth Fornul a)

15 where La has Thé alsdveTR(IN) doradames arkGrdaaniy %Teﬁ)éd ©URGERAR tfref NE Fourth

I
Formul a andcoﬁiﬁcléﬁes F‘i (ﬂlll) %n?p%un&s 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.



are given in Table | below TABLE 1 Conp ARIR2R3R4R5R6R7R8For nul a ound

1- aCHHCF3HHHHHFour t h 1- bCHHCFHHHFHFour t h 1- cCHHCF3HFH H He@ WelcBmber 2004

1- dCHHHHFEHRs214h  1- e CHHCF3HHCF3H. HFour t h - 1- f CHHHHHCF3 HHF Qigrtifso /20539
1-gCHHHHHHFHFourt h "1-h . CO HCFHHHHHFourt h 1-i CI—IHCFBHHHGZHBEEgurtPh

1- ] CHHCF3HHF :L- kCHHN@HHCFBHHFourt h 1- 1CHHCF3HHHOCF our

1 - CF3HHH:E JF Yooy ersiaobapigdivminascanes efficharys Vagiatecefiber 2004

PCT/ USOL/ 20 3ﬁ1b'Eﬁ&eEts mmm&a%@% eIt SH A PpRYBHick hidwk CHOCH3
HHHHCF3HFour t P ﬁn'é ng og‘ elec H%%Eg?nq:%n@e%es of the compound and hence
optimization of the brightness and efficiency in an electroluminescent device.

5 While not wishing to be bound by theory, it is believed that the emission -
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 partially 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. It is preferred that at least one fluorinated substlment is on the
- nitrogen-containing ring; most preferably CF 3. '
Any conventlonal ligands known to transition metal coordmauon
: chemlstry is suitabl¢ as the L’ and L" ligands. Examples of bidentate ligands .
, 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



|

1-t CHHCF3HH FHFFi fth | - UCHHCF3HFHFHFi ft h 1- vCHHCF3H HHFHFi ft h Exanpl es
conpounds of the Second Fornula |IrLalLbL'yL"Z above incl udg p&emerness!in,
1-0, 1- IW@ @Nd7- x, respectively having structure (1V), (YcrudoYkdsze(1 D)
and (X) below 5 OH2 0 29 Decenber 2004 WD 02/02714 PCT/USOL/ 20539 1.0..
{ "3 The-iridium ﬁlorrpl exes of the Third Fornyla IrLalLbLC above are
general |y prepar et 3 19F PsEresdsmebndiment, Bl d it Lt cBheze praaprefemeddi ne,
phenyl pyri m digiepoudds EefiRndR/ R Biblta PRiDeeRAE), _a@_@&émnﬂgby%#e?&?sﬁﬁ .

phenyl qui nol IL#? . d#ﬂre ,[%ubstl ute Z.Qhen%b%yrl dd,neS' Ewghen I'pyrim di nes,
and ~phenyi qui*néY THEEC IO, &t §) ? Ritesizep glogiseoprginated tn e mgiumsre faed, | n
good to exceivitemespgitad darbusiatgnd deorSmawt to theupdiung Tiest hfrs pReériddut ed
2-chl or opwri di = £l 0 | AL di @r _2-. chloroquinoline with

aryl bor on%sc a%%oﬁa%ggg%%g#qvﬁhg%&Egﬁgﬂéﬂa? Thevenin, E. \Val dvogel
Synlett, 1999, 45-48. This reaction is illustrated for the pyridine
derivative, where X and-Y re nt_ substituent s, gl F‘%Hﬁﬁ on (1) bel ow
10 (HO 2B [Pd] Exanples of 2- gﬁ%% ?3pyri di ue and g%ﬁ’éhny rpyrfli)r ai di ne
conmpounds, ~ havi ng st r u¥pele a.k(aifg;‘-‘%/@,abgﬁ’@ given'in Table 2 bel ow TABLE
2 CompoundARI 12- R3RAR5R6R7RgR9 2-.aCHHCF3HFHHHH '

10 The compounds 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 | ¢ |l |' 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
1fjclH B H |{H{H|ck 5 al roun |
1g |- Cc |H |H H |alalg {F |H! Foun
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
lm | N |- |CF3 |H | H | HIJH F | H| Fourth
Iq | C |H |H CF; | H | H {OCH; |H H | Fourth

o



2- DCHHOF3HHCOF3HHH 2- ¢ CHHNORHHCF3HHH 2- d CHHOF3HHFHHH 2- e CHHOF3HHHCH3OHH
2-f CCl HGF3HH. HHHH 2- g . CHHHCHBHHFHH 2- hNHHHHHFHH 2- | CHH. Coghdela o004

2- ] N- - CFRPHRldRY 12 - KCHHCF3HHHFHH 24 . . CCF3H HHHHHHH 2- nCCl Hepeeirhddo 1/

2-.u, CCF3HHHHHFHH 2- oCC F 3HHHCH3O . HH 2- pCd HCF3HHHCH OHH 9 WO 02/ 02714 29
2004 —PEF—/USEH26539-TARLE-2 (‘nwpmmdA\D’lP’LDQDAD?RQ

Decenber PCT—1 oS0y
2- gN- CF3HHHHFIH 2- r CCLHCF3HHHHHF. -2- sCHIm%HHH 2-t cd HHHFHHHH
2- v CHHCF 3 HHCH3 GHHH—3=WwEHEHS GHHHHEF 3 HH—2 *EHHHH-HRFHH—2-y GHIHCE3 HHEHEH
2- 2 CHHOF3HFHF HHORWPa g C4HBY RitHer B4 OheRexarbd ¢ 85 h Repsti tRyed Ry | Formula
phenyl qui nol i neggEM@ound] havi ing strucfure (111) above, is co éund a-g
whi ch has R17[="CF3 arbd Rl I-%:o and -
_ 1-r 10O H H| HIH CFy H | Fourth
.- | C |H |H H H|F |H F g | Fourth
' _ : : and
_ | Fifth
1-t C |H |H CF; | H | H{F H F Fifth
1-u C |H |H CF; { H| F |H F H Fifth
1-v. CIH |H. CF; | H| H |H F H | 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),

'(VI), (IX) and (X) below:




R18-R20 = H. 5 The 2-phenyl pyridi nes, pyrimdines, -and quinolines thus
prepared are used for the synthesis of the cycl onetal at edgige:8nbEr 2004
conpl exesWOA2@B¥eni ent one-step nmethod has been devel opegcenaodyisng
commercially available iridiumtrichloride hydrate and sil ver -
trifluoroacetate. The rea¢tions are generally carried out wwth an excess
of 2-phenyl pyridine, pyr{mdigne, gr quinoline, wthout a solvent, .in the

10 presence of 3 equivalents ¢f AJgOCOCF3. This reaction is illustrated for
a, 2-phenyl pyridine in Hquatt ) below 1rd 3, AgOCOCF3 190-195C 15
The iris-cyclonetal ated ifri conpl exes \APdf_E i sol ated, purified, and
fully characterized by ¢l ef ahal ysi s and 19F NMR spectral data,

and, for, conpounds 1-b, | e.crystal X-ray diffraction. 1In
sonme cases, mxtures of {i somgr d. Often t{¥m xture can be
used without isolating the | N rs. 1~0 29 Decenber 2004 WO
02/ 02714 PCT/ USOL/ 20539 |The irjdi uym conplexes _havi ng the Second Fornul a

| rLaLbL' yL"Z above, may,\§y.n _song cases, Qfeztlsol at ed from the reaction

m xture using the sane dynthgtic grocedures as preparing those having
Third Formula  IrLalLbLc gbovesp, Thg conpl exes can al so be prepared by first
preparing an:internediate iri d1|:3Um b2di mer having structure VII below. B b
| L~ 1r/O/ L La/ \Q \Ld | B 10{wherein: B H, CH3, or C2H5, and La,
Lb,Lc, and Ld can be the sanme or different fromeach other and each of La,
Lb, LC, and Ld has structure (1) above. . ' - : :

10 | l(X)

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

8



The iri diumdieters can generally be prepared by first reacting iridium
trichloride 15 hydrate with the 2-phenyl pyridine, phenylbp\idcaRibBE20G4
phenyl quiW@l02§2714and addi ng NaOB. One particul arly useful pcrdisunrdseter is

t he hydroxo i ri di um di et er havi ng structure VI11 below 20 This
i nternedi ate e.u e oynd pbythe addi tion of ethyl
acet oacet ate.P fﬂt%ﬂ |SE %d%ﬁ’gg@at’m e Phanyimraydies.ands to an

el ectronic dqxhenquﬂnmmmes,laﬁgh@sﬁnﬁﬁsﬁnﬁﬁﬁ’e (Hpﬁ:@hp&@@ﬁépﬂ&l iray®d tgosi ti oned

bet ween two eI cont |n t ast | ayer of
t he device ngl %e %’?ﬂg usﬁ% ”%%ﬁﬁ?‘gg}%& ﬁ%%t%ﬁlﬁ Eﬁn

Devi c e\s/:c r eq:Je%t:hlyrdmmdmmrﬂmhﬁromnh@mam pxyﬂboramd aeidexstdesnmbaﬂ ansport
ayers. AslYRdCalnss! pUGUhfn 12 WABYSE) Bkl YioBo 1is IBCTHRYLARRO Nas an

anode | ayer él an a cat ayer. anode is a | ayer
120 11 29 DedEnBecdfuihewyndingderiativemheso anﬂo%annr@agmbsmtngatmne
transport matRfuatibn (AdpadeeNt to the cathode is a layer 140 conprising an
el ectron transport material. Between the hole transport |ayer and the .
el ectron transport |ayer is the photoactive |ayer 130. Dependi ng upon the
application of the deyihce 100(HORB, photoactive |ayer 5-130 can be a
light-emtting | a |s activatgd By an ad]i ed{volte Q ych as in
.a light-emtting Ilght em . Eiecrroth."cal %glli, a layer of
naterlal t hat respon A ¢pdi ant emecgy and gener at & 4 signal with or
wi thout an applied bias voltage (such. as in a phot odetlect or). Exanpl es of

phot odet ectors i nclude photoconductive cells, photor -J ; tors,

phot oswi t ches, phototransistors, and 10 phot otubes, tovoltaic
cells, as these terns are describe in Mrkus, John, ¢k roni cs and

Nucl eonics Dictionary, 470 and 476 (McGawH Il, Inc. ¥966). The iridium
conmpoundggof the inventi on are particularly useful as the phot oacti ve
material in layer 130, or' as electron transport material in |ayer 140.

Preferably the irikKagmalecefihPstulpygfinerad 2rrhenyipsrintdise sempoursist he

light-emitti h@vmé%&ﬁ&ﬁﬂé(l@'aﬂoﬂe%@@@@nuﬂ?aﬂl@ﬁb%% found that in these
applications, the fluorinat ed

T . TABLE2
|Compound |A |R; R, |Ry {R; |Rs |Rg Ry Rg |Rg
|2 c|H |u J|c|u |F |l - |=m 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
2d c |w |=m CF3 |{H |u |F H H |H
2-¢ clg |m crs [H |H |H CH0 |H H
2t cla |= cis o | |8 |H  {m |H
l2g cla |lg |H |cm|u |= F H |H
2 Int~ |g |u g |u |= F H |H
2. lc g dm cr; |l |H |m CF0 |H B
25 N |- J|c/ |H |m F |H H- - |H .}H
2k cC{H |=m cks lu lu lm F H |H
21 C |cry {H H |H {H |H H H |H
‘z-m J4c la H CF; |H H [H- F - H |H
21 C |cFy [H - |H !H | [H F H |H
20 clck |H B |H | |m CH0 |H |H
2-p Cc {cl H CF3 |H |H |H - CH;0 |H |H




- conpounds of the invention do not need to be in a solid matrix diluent in
order to be effective. A layer that is greater than 20% by Daee@bér 2004di um
conmpound, wioead7i4on the total weight of the. layer, up to ¥&%sdi20539m
conpound, can be used as the emtti ng llayer. This is in contrast to the.

non- f | uor i nated—+idi-tm-conpounth—26—t+is{-2—pherytpyr-ei-Re)y—ridium (111),

whi ch was flound to achi eve nmaxi mum effABEE@ncy when present in an anpunt of
only 6-8% Ryconphaiat |jg| tﬂ@1e emptti MRy I AN Er - l1’h| SR6vvas rigcessaﬁpg; T Rgr pduce

N nr.o

t he sel f- gyenchimg—efftect—Addrtignat—nat-et FaHs Cean—Be pH-eisert--a— he
emitting | dyet with jtWel+ridi s cdibouht. Ho® -[dkanpl|&f a f|Hior ¢scept dye
.may be prgsant to aI@erCI t hegcol crcpgf gm ssg{or g A 25 &l ue nmhy a| so be
added. The uent can e a porymaricateriatsuchas—paby{N—viyl
car bazol e) 2rd pol \/qq:l e I¥ can@ksofbe |Hsmdl | : ndfecul eI*,I su8h_ps

4,4' -N, N -|dicar bazoI@ beipheny | on g ertHary Iarcrrfltl C igg nes|. HV\haﬁ al di | uent

is wused, tffhe Tridiym conpound s art rgsent T a - shert—anount

usual Iy | es €Y t han 3des hﬁi \/\Pi%hf , flf ahi Vaid | a<dhhdd 10% 10y weHght , based
I

on the totalzw0 wei dht |off thecka@ye;H N SOMEy C4S$ES the:p’sri-di}ym APl exes
may be pres nt I'n mgre jthan e I[songrj ¢ Tjorm| or mijxtureyg of —¢rfferent -
conpl exes HEY—beprds C’S t}? !tQI{I:',: o E’g__ﬁdergnrﬁ that{fin.tHdl ahplle |
di.scussi on G*y C]_EDs Q helterri"t he GFg i jdil um] ronpound't £ S i ritendpgd tjo

enconpass ,étur es cfgf%é_ppqugs an%gr ﬁsomi;_s. 35 T4 Facn! ave a |g]h

effici ency |y " 2 the TG g stoce rJ'r ed culag-orbit ) y the h0| e
transport péterial gkodlH allifgn wiBh tjiFe. vdIk Hfunct impn off # he janolde, t he
LUMO (| owest un- occupi ed nol ecul ar orbital) of the electron transport - -
mat eri al- shoul d al@hgieWnidle LM Htddneh 29 Decenber
2004 VD 02/ 9p714 PEIIUSOL e o pulBited 2 %Iﬁﬁ%'gi")l&&b“"%?f‘%g%a"i“ i mation
temp of the SHFSHrIE) abovegiscomppyes £amvhi lfﬁﬂéil’“aﬂFQr@leﬂws%I@md ng the
el ectron andRyg-Ro4 &&msport materials. The ot her Iayers in the OLED can be
made of a gy mater| are known.to be usef in such layers. The
anode 110 is an eﬁgéP Yﬁgfnefspngﬁef”cﬁdaﬂq Li’é‘@ﬂbéﬁsé’ﬁﬁpa? arg Bkt i ng
positive: chaf@tethc ayunthesis of the cpcombialatedizididm cbmplexexamdoﬁvﬂﬂéﬁrdnaisﬁe
cont ai ni-ng a Bt gﬁgﬁ oxi de,
%aﬂe’éﬁ‘&e@ @é&g]ﬂl@ﬂﬁ%a ICi gvaﬂoé e L}Hﬁm[trhg{rﬁond

or i t can be_ a_ conducting po
- hydrate and silver trifluctoacetate. 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



Goup 11 netals, the netals in Goups 4, 5 and 6, and the G oup.9-10
transition netals. |If the anode is to be Iight-transn‘ittizgggeo@mb@dzam@al
oxi des of w@ames14d2, 10 13 and 14. netals, such as indiumtg &E%ﬂ B30l €
general |y used. The | UPAC nunbering systemis used throughou ere the.
groups fromthe Periodic Table are nunbered fromleft to right as 1-18

( CRC Handbook of - ChE}rtﬁlﬂdﬂyna@mﬂeﬂtwmvmgﬂﬁ&toﬂdeﬁﬂahE@Q@ L h@oagiode 110

"H eni EFJFI’S’%{@E%%?P?L%&: e S PRERI G (G5 BRHATSLLTR, Spelescr bed [
Nat ure vol . 3%# %PJW%W%R@PWT@QMVmg ﬂﬂr{i@a}smuiadiﬁiﬁ’u heowenode and

cat hode shoumhdaeomplemmauarbrel a¥ed bR RsR JFSAtin IJEF@@ er at ed
light to be o‘%% \ﬁg p%ﬁho‘lae fr an?port %ﬁterl al's %tg'ﬁl ayer 120
o Y8iine i S Peto

have been 'sunmari ze O%'n Kirk- O hner Encycl opedi a of Chem cal
Technol ogy, Fourth 20 Editi on, VoI 18, p..837-860, 1996, by Y. WAng. Both
hol e transporting nolecul es and pol'yners can be used. Cbnnnnly used hol e
transporting nolecules are:
N, N- di phenyl - N, N - bi s( 3- et hyl ph yI) -[1, 1' - bi-phenyl ] - 4, 4— - di am ne (TPD),
1,1-bis[(di-4 - tolylam no) phem§\] | ongxane (TAPC),
N N bi s(4 net hyl phenyl )- N; N - bi s([#)@ m/l phen [

- (3, 3" =di net hyl ) bi phenyl ] 2524, i gm i ne PD),
tetrakl s- (3- net hyl phenyl)-N, N N, N =R, 5- phenyl enedi am ne (PDA)
a- phenyl - 4- NN- di phenyl ani nost'yr ene (B'PS) - (di et hyl arni no)- benzal dehyde
di phenyl hydrazone (DEll), tripheny-I|am ne (TPA) bi's[4-(N N
di et hyl aﬁbno) 2- et hyl phheng/ ] (4- nethyl phenyl’) met haue (MPMP), 1-phenyl -
[ p- (di et hyl ani no) st yr yI12Fp- (di et hyI am no) phenyl ] pyrazoline (PPR or
DEASP) , - 30 1, 2-trans-bi s(9HR &) Hcy,gd obut ane (DCZB), .
N,N N, N -tetrakls(4 rrethyl pﬂgz ¥l henyl ) -4, 4" -di ani ne (TTB)
and porphyr| ni c compounds, sUt O'Ep ‘h%ﬁl%%%ﬁ*iffﬁéeﬂt@@why used
L

hol e transporting pol yr@éhesaadachplﬂly‘y Cpmdﬂaizhhﬁstrucmrea)above _

(phenyl nmet hytr},g & I Sible. to obtain
hol e tra t| (ri:ill E‘iﬁﬂnlglr'ss&%% %&%%Iﬁ%h&%gmd ngol??glﬂ fichdo ré%h 35 as
t hose rre %o er?t‘BheﬁéﬂIVﬁ'éP@ phenylpgimid lrses:tr)phenndqamdlmlaudar bonat e.

Exanpl es of edidmgMﬂ)Bransport mat eri al s for Iayer 140. include netal -
chel at ed . oxi noi d c§ oundél suc Lris(S- hy roxygui nol at o) al urmi num
(AI ga); phenant hr o %ﬂ%“ﬁmé 1ydroxo iridium dimer,

, 9-di net hylhmvmgaarwmwmlbemls 29 Decenber 2004 |
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' 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 '
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WD 02/ 02714 PCTI USO 1/ 20539 phenant hrol i ne (DDPA) or 4, 7- Bi phenyl - 1, 10- .
phenant hrol i ne. (DPA), and azole conpounds such as, 2 -(4- RPomhaseyiver pods (4-t

but yl ph®i@®/02/021143, 4- oxadi azol e (PBD) and 3-(4- bi phenyl vl Ypcirrodienudse5- (4
t-butyl phenyl) -1,2,4 triazole (TAZ). Layer 140 can function both'to
facilitate el ectron trans ort, and also serve as a buffer 5 |ayer or

conf i nement “91ERRNE Bolg iren %@ﬁé}ilﬁ@a@?ﬂt%@e@ﬁ@ﬂ@)w slayradfér i nterfaces.

Preferably, cdrhpmm@meéleafmﬁxﬁpoﬁhﬁzﬁéﬁﬂn B&ﬁbéénltﬁé/hélﬁ'@'abﬁﬁﬂf@ﬁ Sy@itors.
s.an.electro IS particu aryefficient'

quenchi ng. 0 P
for injecti ng eeim%{1 G %P°6fr5‘a}€%rdafl}%‘é {}1 ers. The cathode can be any
metal or nonnet aIDepmdmgglpanIﬂm/@plmmdnéﬁihedexoce Iﬂmmetﬂi}m@[&ﬁ@@laybﬁterl als .

for thescathgpen e.g.,

i, G5)) the Goup e 160 Mol QRN Yy p TBfenling Biches it

i ncl udi ng  theek a@l@ﬁ@wdlﬁdoo@p@me@mamq entiobbamnigalsell), aridymefmmam des.
Tagnes| Um g el g e “’ﬂ“*"‘g* o R Thigh Wi w AR ch AR

or ganonet alqlﬁyﬁggﬁgﬂﬁﬁ&é Hb%ﬁ gﬁteﬁ@r)dgﬁé@ﬁeé@f phetadeiactorendndani c | ayer-
ﬁnd 15 t he mmtdroddudtapesll, @hbm@istoﬂa cplepeiraiched p Hgﬂoﬁggﬁesmlst ?ﬂ(§ mown to ]
ave ojRer ro evices.. Far . exanple ere can be
a |l ayetrlb( nc}J S)E%%lgmﬁ@‘ln&tt X ce@%’rﬁ[}hﬁ 3%@?/@“?’%%MMWO-R&% t he
active |ay e@zefmzmﬂftcbﬁiwaleafm@wsmnwémmir@es (l\/[ca}mwomu and1966)and- gap

mat chi ng of the Simtltarly,
there can be 20 %ﬁ%%m?%#??ﬁﬁ?wgﬁl&?m#é%‘fv@%ﬁ %"Xg%s[tpe,e | ayer 130
and the catHeWaciyywateriabin layerilde; ox Qsaﬁl@ﬁne@anmﬂetmbﬂangb{nﬂamslpmt and/or =
:oand gap rrﬁ&eﬂarabgyﬂﬁtﬂﬂ@@ﬂlé 1ek@syﬁft§e1t1ﬁénﬁdhir%§é&a§%@§% %%ﬁ@f t'Vgn of
ayer ay c use : y. O
t he abo%e- l?ar Bléglqd%/gﬂg‘ B?F”bi{? %@ t%FWPBPCWé the fyerigated

~Alternat i v@bmposmfahe aiventidn doneotgasi to Bapdesolidyestrit hfaueﬁthﬁ ofAdyICti \ée 25
ol ynmer |a t 1 andcthea may be
gur?‘/ace t?’gat e%t%{o zf)%a gis?gg gar%glcrafh%%r%&ﬁ’ey‘f’?lﬁ i 8‘? H’Iéﬁg?edThe

choi ce of RBitRs {okalyvaight OféléﬂzlﬁY@f up ﬁel@,(%mmdmmr:ok@pane das hensédaadhey
det er m nedenﬁﬁﬁﬂ@@é}@i‘cﬂ'ﬁﬂ i& hﬁccﬂﬂ?@gtstoﬁe ndfi‘f ﬂﬁ(}%ﬂ{ﬁ@l ﬁdflﬁf{' S }%Ibcf' hi gh deV' ce
unctiona

ef fici S nde st.ao, ayer é made up of
nore than %s(%)ﬁée‘f' me\)H gﬂ’éﬂ‘/%&@ whishpes *P‘é!}ﬁ‘atpééhll@yemweml al l'y vapor
depositi ngeﬂ’fooencydwhdn(jnﬁent ﬂn&m@m&omﬂ] ofloslyict g%l \ﬁéigﬁttlﬁ%@emﬁtﬂ?t rates such

as gl ass apdepOTyaRL %egésgé}? 1§ 3488 the self-quenching 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 1o 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—oceupled molecular orbital) of the

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




- used. Conventi onal ‘vapor deposi tion techni ques can be used, such as therm
al . . evapor at I on, chem cal vapor deposition, and the I|i keg December 2004

Al ternati m;v,m:nme organic 35. layers can be coated from FRITWi09REs30"
dlsperS|ons in SU|tabIe sol vents, using any conventional coating
t echni que. de eral, the di fferent | ayers will have the follow ng range

of thi cknesse 60131‘ o %Umﬁﬂbma@?@ﬁ%@lﬁlf@ﬁ m@@@]@@m}also ithjodreant
t ransport Iayebnsi,d’dﬂatlcﬁl@nlgﬁ feﬁé@&ﬂéhd%@@e@ g% ot 10§mttl ng | ayer 14

100- B00A; €l eotr on 1EF SHEpGPE 3 q@&&%@zﬁm o b Rpicb ot 500K
cat hode 150, kﬁ@wﬂﬁomeﬁﬂm{smrallayqrﬁwm 5&1&1'@?10 1’:2%3{&@6@& fHapisof ; h?on
Spect rum of Rmﬁ%ﬁt@ﬁ%‘%ﬁf@ﬂiﬁc@%ﬁ&ﬁﬁ% ol opt 55 hp redB 06 184 “oach s
| ayer. Thus tﬁéﬂnﬂ £ Blatrainds etaipimge metek, mxﬁdrraﬂebeﬁmy,llmtdro*aﬂmdxﬂnded- chosen
so that the ﬁie%bfd@l@ 61% Earl F&Q@&l&ﬁ@%ﬁﬁﬁb&%@éﬁé%@% .%é}slsllga mtting

| ayer. The de er t e exact

nature of t he%J%‘EPeH %‘P Sa@?omeqa 1Ip O1oseh 3t 3P @h‘éthet(ﬁ@@f&-l%trmt}omf
devi ces nmade wictahs. tmelamodemmb@mghwa@emmfg MR ALAMENGiQ8s off @ geqiurt her

tproved Ry Op3 il 74 Btald, B6erCh B hiunt B bRHE! Se bty SoeuC e JupRs
_ -numgermg system is used throughout, where the groups from the PCI'IOdlC 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-ern1ttmg 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 -tetrak13(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);

phenanthrolme—based compounds, such as 2,9-dimethyl-4, 7—d1pheny1—1 10—
13 s




c en cat o es such as Ca, Ba or LiP can be used. Shaped substrates and.
novel hole transport materials that result in a reductiong meRfierbbid
vol t age WO G2rier@ase quantum efficiency are al so applicabl ecT/¥di2b439nal

| ayers can al so be added to tailor the energy levels of the various |ayers
and facilitate el ect rol um nescence. 15 The iridium conpl exes of the

i nventi on of PRssautheo %Wﬁwﬁmlml-]pmmmmmthanMe usef ul
in applicati eigpsindebudhar-@&EPsenytd)-5- (azgad{;gj!,lghe Pf‘@mﬁlﬂz‘ﬁ | exes of

i ridium have S,.0 Itive’l at ors escent

i ndi cators i %ée@ag?gﬁ%ﬁ %g%ykg't(% yéphen?‘

conpl exes calﬁﬂmmfsmhdmbcﬁ]ytdlfasihzaie tletBorc i alspoR} ﬁicﬁil%l s&@e Qé)é"f'ﬁﬂlﬁ’é’res wher e
the third LES T follo

exanpl es i | I%g&g)étcén%]gg?al N 92&% {één%gﬁ Cgﬁ%ﬁp&m&n @’eb?‘ Egﬁ‘ﬂeg

i nvention. ThEferade thisteyet prometepelectronmpbiity amiddutémemcﬂumqﬁ&@Mgbut not

limting. Al PErERIGABRE [0C; by, \I&hfaaé o nqi:cated. 25
EXAMPLE 1 Thiis exanple i, usilrsat ees th ]E')hragPS ration o%ﬂqtcﬁent rﬁwgaw pyrl di nes

~and  2- phenﬁ1WWHP?@§V%h%e SHECISs @aletcﬁ ofie cam bpeny miethl onnerongelinds . The
general prodesinpe lased woas igRG6S Hadhd Mmdde. MeRsSEals Bor (IPEMENd ban

Bhe
00 s My L ) IR SR A
% 2- di i et hcﬁgﬁe}ﬂfhnﬁroul@lzn@tm maﬁegmwm&m%agemaﬁdﬁ?ﬂﬁtﬂdegt o
chl oropyri éf%“ of a substitute
phenyl bor oni CH;‘.(% Wwas re ?}%%S&{‘ %r&%gn?ﬁ’? “mTh%mP’é’sul ting
reacti on ni ¥fBPRURASd aNIeReEEmAY welleocombinafionswearshe used. e[x{cbataim@vm th

CH2C12 (2 X of ﬂ‘i):alla'&ﬁnﬁ&iﬂa L MySHA4,
and the §o| ﬁ@ﬁo fﬁq\ied vaggﬁﬂ%ﬂ%g@aélfoc?g?d%%‘?eo‘gucté@\?\a%r (!ﬁ%ur%?‘{ I ed by

fractiof Y619 lqwet ibe qnrzating voliagat eri al s were recrystalli zed
~fromhexane. TheItigfinoah tphaid sthef lajaslindrgenitRl @hoalcdeass >R§% 15

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 7 additional layers (not shown) between the active layer 130 and the cathode layer
150 fo 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
B 'prowdmg a device with high device efﬁewncy :
Itis understood that each fnncttonal layer may be made up of more than
30 - one layer a S o
.+ 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
7 . 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



29 Decenmber 2004 WD 02/ 02714 PCT/ USOL/ 20539 The starting materials,
yields, nelting and boiling points of the new materi al s ape pDegkyeer Ptnalabl e

3. NVR daw® @nd7ianal ytical data are given in Table 4. TABLEc3Bipmasation
of 2-Phenyl Pyridines, Phenylpy, rimdines and Phenyl guinolines Conpound

g : _ : . - B R Z7
| -\2”- §|4c11( 5. ?6;3 ', gloﬁiégﬂ(r?ﬁgg Aé%é%@&%mﬁ%oéﬁ Z&éogéédsiﬁgﬁgyeél%i(ﬂ;? %)2-2 78/ 0. 046
D 562 a1 0. L A D0 04 Dediodd 1HETRR- ENRA ot OTOAAR T2,
Decenber ZOOJOCWFQZ#EWWIWQ@@@@ zapegpithe 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 applicablé.
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 bioassays, and as catalysts,
Tﬁe bis cyclometalated complexes can be used to sythesize tris cyclometalated
20 éomplexes 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 to be illustrative of the invention, but not -
limiting, All percentages are by weight, unless otherwise indiéated.
25 - EXAMPLE1 . |
This example illustrates the preparation of the 2-phenylpyridines and
2-phenylpyrimidines which are used to form the iridium cona:p'ounds.
. The general procedure used was described in O. Lohse, P. Thevenin,
E. Waldvogel Synlert, 1999, 45-48. In a 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



~ Properties of 2-Phenyl Pr dines, Phenylp ii idines and

Pl i enyl c3ui nol i nes Conpound 111 NI\/R19F NVRAnal ysi s % found Oeeahde) 2001 I\/IS
M 2-s7. 48YV910£)027162 68C,64.50 7.70(1H), (64.57) 7.83(111), 1Ppc3/@Kd1/305390
211) . (3: 59) 8. 75(111)N 6.07 (6. 28) 2-a7.19(11),-60.82 (3F,s), C, 59.56
7.30(1H),'-11 5 11),11,3.19 7.98(211), (2. 90) 807 .
(111)N, 5.52 ﬁ%"}‘{’ﬁ)ﬂr&% f?‘ glé elé%% atd hoiligg Pvgttq@ﬁg%yemna&l |
7.66(1 H) , - 63.di0er{ BFTals} BSNMR)da%,aBﬂ(abmmaida&’a@é Bvehdh ki A 2. 40)
8.23(111), N, 4.53 8.35 (111)(4.81) 8.99(111) 2-u 57.55(1H), - 62.89 (s)C

69.17 7.63(111), (70.33) TABLE 3
Preparatxon of 2-Pheny] Pyridines, Phenylpyrimidines and Phenylquinolines
Compound _ Yieldin % B.p./mm Hg (m.p.) in °C
s 70 T —
2-a : 72 - ' —
2b 48 S
2 75 (76-78)
2c 41 : (95-96)
2-d . 38 | (39-40)
2-e - - 55 , - 74.5/0.1
:_2—.g 86 . T1<73/0.07
' .‘_*2—t 65 . - 77-78/0.046
2k - 50 - (38-40)
2-m . 80 : o 72-73/0.01
2 _ 22 S : 52-33/0.12
2-v B 95-96/13
2-w 72
2-x. 35 ' ' 61-62/0.095
2-y 6 (68-70) -
2-z g 42 o . 66-67/0.06 (58-60)
2-aa o 60 o
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- 7.75(2H), H, 3.79 7.89(211),(3.66) 8.28(211),N, 4.88 8.38(111),(5.12) 8.50
(111) ..2-c -7.53(111),-62 14 (OC 53 83 3 73 7.64(1}1); H 28 Rember 2004
7.90(111) W@0BW718. 18(11), N, 9. 99 830(111), ( 10. 44) 5. 53(111)PCT&,54,§§@3;91)
2-d7.06(111),-62.78 (3F, s),C, 59.73 7.48(111),-112 (59. 75)

| 7.81(311),.11,2.86 8.01(111), (1 F, ) (2.90) 8.95(111),N, 5.70 (5 81) 17 WO

02/ 02714 29 Decenber 2004 PCT/ USOl/ 2039 TABLE 4 (continued) Conpound iH
NVR ' 9F NWMR Analysis % found (cabs.) or I\/Bél\/}) 2-e3.80(3H)-62.63C, 61.66

6. 93(2I\/l(s)(61 90) 7.68(11),H 3.95 7.88BLB4 (4 04) 7.96(2H), N, 5.53
Propemes of 2~Phenv1 Pyridines, Phenvlpyrimidines and Phenvlqmnolmes

S 7 * Analysis %, found (calc.)
Compound . IHNMR 19F NMR _or M8 (M)
2-s 7.48(3H), -62.68 - C,64.50
| 7.70(1H), . (64.57)

. 7.83(1H), H,3:49
- 7.90(2H), , (3:59)
- 8.75(1H)  N,6.07
| ' B (6.28)
2-a - 7.19(1H), -60.82 (3F,3), - C,59.56
7.30(1H), -116.96 (1F, m) - (59.75)
7.43(1H), | , , - H3.19
7.98QH), . B - (2.90)
8.07 (1H) \ - N, 5.52
~ 9.00(1H). o (5.81)
2-b 7.58(1H), -62.75 (3F.5), 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
835(1H) ' 7 (4.81)
) 8.99(1H) - .
2u - 7.55(1H), 6289 (5) : C,69.17
- - 7.63(1H), - I (70.33)
C1T5RH), | : - H,3.79
-7.89(2H), - (3.66)
8.28C2H), : N, 4.88
8.38(1H), - - | G 1”)
8.50 (1H) - o -
2 - 7.53(1H), -62.14(s) . C,53.83(53.73)
- 7.64(1H), S H289
7.90(1H), o < . (2.61)
S 818, TN, 9.99
830(1H), . . . (1044)
. 8.53(1H), _ o -
T 943(1H) , , I
2-d 7.26(11-_1), -62.78 (3F, s), S, 59.73
7.48(1H), 119 : - (59.75
- 781(3H), - "H26l %IZ 7.
8.01(1H), (1F,m) X))
8.95(1H), . . ' .. N,s5.70
: - , (5.81)
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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(11),(5.30) 8.05(21)1 ,N, 5.43 (7 50) 29 December 2004
2-17.10(2WO0BRTFBC, 50.51 7.35(21), (3F, s)(52.17) 7.96( 11 PCHUE6, 1. 97
8.78(111), (1F, m(2.17) N, 5.09 (5.07) 2-k7.08(21),-62.75C, 60.39
7.62(11), (3F, s)(59.75), 11,3.38 7.90( 11.49(2.90), 8.80(11, (MmN, 5.53
(5.51). 7.10(21),-62.63C, 52.13 7.80( 234 £ s) (52.17) : _
8.00(111),-111.241,2.16 8.75(1H), (n) (ZchBipudd) 4.85 (5.07) ,
2 f7.55(311),-62.57(s)257(M, 7.77(21), Cl2H7F3Cl N} 8.0 %11 gﬂaz@mo)_
cijﬁx 3.67),

¢TI S0 ekl AR S CLPRGD
e

7 30( 11) . IUL 1T, IO LT

8.87(1H)

18

3.80(3H) -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, 543
o (750
2 7.10(2H), -62.73 . -G, 50.51
7.35(2H), . (3F,9) (52.17)
7.96(1H), -113.67 CH,1.97
8.78(1H), (1F, m) (2.17)
o N, 5.09
. (5.07)
2k 7.08(2H), -62.75 C, 60.39
7.62(1H), (3F.s) (59.75), H,3.38
~ 7.90(3H), -111.49 - (2.90), .
8.80(1H), ( m) N,5.53
| . (5.51). -
2-m 7.10(2H), -62.63 - C,52,13
7.80(2HD, "(3F.5) (52.17)
© 8.00(1HD, -111.24 H,2.16
| . 8.75(1H), (m) . 2.17)
o o N, 4.85
. | . - (5.07)
2-f 7.55(3H), - -62.57(s) , 257(M+,
7.77(2H), - CioH,F3CINY),
- 8.06(1H), 222M-CY)
8.87(1H)
| 2-v  3.8(3H), =-62.70 ppm - G, 61.66 (61.37),
: 6.95(1H), S - H, 3.98 (3.67),
- 7.30(1H), ' N,5.53.(5.48)
- 7.50(1H),
7.58(1H),
7.75(1H),
7.90(1H),



~ 7.75(11), 7.90(11), 8.87(11) 18 29 Decenber 2004 WD 02/02714
PCT/USO /20539 TABLE 4 (continued) Analysis % found (Qalmec)ambéonmummd
1H NVR 19WO0WR014 M5 M)  2-w 8.54 (111, d), -63.08 (3F, )Pf%’&}]g é@]—%
7.70 (211, d), 7.24 (1H, s), 6.82(1Hdd), 3.91 (311, s)
-109.70 (IF, m, 7.18 (2H m, 113.35(1F, m.  7.68 (2H m,. 7. 95(1H m)
8.65(1H m; 2-y 6.94(111), -62.72 (3FTABLE47.62(2H), -109.11 (2F, m
7.82(111), 8.03(11), 8.96(IH; 2-z c‘ﬁéﬁ%@), -62.80 (3F, s); 6. 93(111)
-107.65 (IF, m), 7.80, 7.90, -112.45C1F, m. 8. Op?éa?l} 0/8f89(111)
' - : Si
7.70(3H,m, Eb%%@én'ﬁ m)IH | 19F NMR yof'l\;fs?l\u;%(calc)
2w 8.54(1H, d), ~63.08 (3T, 5) -
: 8.21 (2H, d), -
- 1.70 2H, d),
- 7.24(1H, s),
6.82 (1H, da),
'_ - 391(H,s) : _
2x.  69(@H,m), -109.70 (IF, m),
718 2H,m),  -113.35(1F, m).
7.68 (2H, m), '
7.95(1H; m),
- 8.65(1H, m); - -
2y 6.94(1H), -62.72( 3F, 5),
7.62(2H), -109.11 (2F, m)
7.82(1H), I
8.03(1H),
8.96(1H); o
2-z 6.85(1H), .  -62.80(3F,s),
6.93(1H), = - -107.65(IF, m),
7.80, 7.90, '~112.45(1F, m).
- 8.05(3H), e
8.89(1H);

. 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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. 7.80, 7.90, 8.85(IH mM. EXAMPLE 2 This exanple illustrates the preparation
of iridiumconpounds of the Fourth Formula fac-lr(La)3 20@&entbet 20U

typi cal &¥%@erdiveht, a m xture of 1rCh3-nH20 (53-55% Ir),pcHaédsess (3.1
equi val ents per Ir), 2-arylpyridine (excess), and (optionally) a snmall;

amount  of water was vigorously stirred under N, at 180-195C (oil bat h) for
2-8 hours. ‘FHEIHP%%MT%QXH@R@%?%H%SYMIMrHh&?%yAébmatanaledvm th CHd 2

til th tchagkh b NOZR teped th h
glnl : ' Cgl %n ?g t%nzdue ¥ %pé&ﬁ)%eo T@saﬁéh& %lt%%ﬂg‘géﬁgéé% &Sg ﬁsugﬁ,?;ugh 2

| ow _so
sol uti on gavé™%® ?’ %ﬁs\g b(?ﬁ’% mgk’r%{ﬁté’dxﬁi FTRARITRRYYETC Qhﬁalmdcfﬂmce col or ed

crystalli ne thmesomplehesmfmbaém Ti  conpl exes. The conpl exes were
separ at ed ddy | y1, washed with methanol, dried under vacuum and

(optional ?y) pu =5 eu —Dy stal lization, vacuum 19 29 Decenber 2004 WO
02/ 02714 PCT/ USO1/0tgere @ﬁi{cignﬁ{gwfﬁ4vdir, so&higagtz -(BRudraphdyn-5-Yi el ds:

o ot al TR I8 find DBLAGLEN L B, MBOGRET BPGCRpalE * 21
Si ngl e- cryst Zi ”jébf”%‘f‘;? VEZQrgBs Hﬁ%ﬂm@éﬁw ﬂﬁﬂz a:oﬂ:le terthparetucowpd dowly of t he

series. 5 Co(albm i) bloudht Ap b X84PCE r l4lane

2-(4-fl u ph gd Sﬁithrl ?I uoro O(;Ffbatﬂ) ?éi?eﬁg%%g(éﬁgg# O é%%ﬁ g)
AgOCOCFS 6@% %‘ w,rg@péggpva@m r Fleassoli @lmerea f1 ow of
N2 as the tempmcmmmhdmmbmﬂmemma&mmbfmﬁm tPhel&afbihgi | bath).
After 2 hour d.. Th m Xt yre was cool ed
down to rooma%cgf%%@%%]%l?eggalﬁjﬂ& %%é c%;'itg{/\é(%%r f?;l cﬁ‘nﬁ"? H8i28%| or onet hane
until the extYareratedd etBeioneihanp! (maﬂdomsladddi tmeltﬂml‘tm flaskevas3@lptit i ons

were filter e@t.ump%%h he Q Aft er met hanol
(50 m_l) s added d&theﬁrgg aldwﬁﬁ @?tg%@fd?é‘&fc&%&&ﬁ&i%@%@ & ni ght . - The

yel | ow preci ViaR deRaraied %ﬁ%ﬂ@l%@tb@%mﬁéldélﬁd usderoeopomnd b, was
separ at ed, V\Hﬂmdl 07 gh(8RE) h ahRhy qadltly dfvisells SHS EoBlRK Wore o%ai‘ﬁle&‘ by 1- 07 g

(829 . X- Ray,18h3) ddtiof 5 3hhhoRlioh 5 1P RRA oo, 001 2 et

Compound 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 solidiﬁod
The mixture 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, Imcro-Soxhlet extractor. The yellow precipitate of
the tns-cyclometalated complex, compound e, was separated, washed with
methanol, and dned under vacuum. Yield: 0.59 g (39%). X—Ra.y quahty crystals
30 ofthe complex were obtamed from hot I 2—dlchloroethane
' ., Compound 1-d
A mixtire of IrC13 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 Ny at 190-195°C (eil bath) for 6 h 15 min. The
35  mixture was cooled down to room temperature and then extfdct_ed with hot
1,2-dichloroethane. The extracts wefo filtered through a short silica colurun and
evaporated. Treatment of the residue with meﬂianol (20 mL) resulted in

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

- slowy cooling its warm solution in 1,2-dichloroethane. Conpound 1-e A.

m xture of 1rd 3 nH2O (54%Jr - 504 ng), 2-(3.-triflucedeempepbemy!) -
20 5- trlfﬂlbﬂi?@mélhyl pyri di . , conpound bb (1.60 g), and PR (1.01.
g) was vigorously stirred under a flow of N2 as the tenperature was slowy
(15 mn) . broblﬁft up tQ 92C (oil bath After 6 hours at 190-195C the
mixture solid Wﬁmﬁﬂmmls Sliestuntlnmacuony Otield: €168 M9%6R. The

solids were plS{aR@dq@ahtﬁc tdid 68hE bHPIRx WhirE hedﬁﬁﬁ‘éﬂe a | arge
gquantity of d}t_ﬂ aﬁ I(d)rret hgﬁe 25 The irﬂe}}sil dtﬁeggt;&ﬁ%r bfltea)\‘r;]gﬁioo ?f"“& r}t he
rea

wi th nethanol to produce -yellow solid. The solid was
col | ect ed andCpmpptdd-iby extraction with. dichloronethane in a 25-nL

m cr o- Soxhj et extr the tris-cycl omet al at ed
conpl ex, ?orrp und %%@eﬁg?rgéww(%ﬁﬁ&dé% é S%Imgwmemmﬁ under
vacuum Yi el ﬂeﬂmogw(hmﬂmdme cRapoundade (Q;ﬁchjyaida&g)@@apg 1he g5oupl ex were

oo ”?345/53?“§@‘*°§§*5’%t‘n@m5g %‘2?’2;) a8 PRR ol f@ébﬁ%ﬁaﬁi. Yne
conpound as (l_iil n% QRte d(ﬁ Fadorean (emparagye swithe exjmctedsiivh st i rred un’derr

a flow of Nzchcmm&ﬁﬁﬁamlx&aétb\)vf 5 was .
cool ed dgyn tLQ.%9! ¥ andeéﬁglrﬁégg#‘g% e%Shv?AH@J%%O%gHCF
1,.2-di chl'or oet ﬁ% he e g °fyith ethanql (2@ mdp resulthdint sil i ca

col um and. é\?%fbﬁfﬂéloelcbfth&é@nmépmduttbhmpbmﬁhdmdmw& s@?érﬁl%ﬂ%r (20 m)
' | t ed d t V\:h h
separated by m‘f 5 6‘9{3@‘%‘%%”@2&4‘%2%@8@6 Vit hey eiombe s

filtration, et Absorompl e was Db@n@ddbgrevamamugthh(mjﬂgbr O 63 g ‘
499 X- Ra otadndt doxd _
(499 . Yiquoredrict addirigysdtal S bhbN® BOPRIEX. VRLET QL ﬁelg@l@wﬂw O (54%

di chl oroget h t hanol . Conpound 1-i 5 A mxtu

lr; 503 ng) @@EQHQ@QI uor onet hoxyphenyl )- 5-trifl uoronet hyI pyridi ne,
corrpound ee (2. 00Agnixtarehf RGIGEEER(54% k0530 m Q-(3vmglg5 )[,Zy rred under
a flow of  N2u#ucldBe &g,agﬂ(ig! re was cool ed
down to roomieurrpe at U andé(tzheng}j g@?@éﬂ hg) Vind water(lmL ) was |

\mgorous stirred under a flow of N5 as the temperature was slowly (30 mm)
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,

21




» yi el d was

E

di chi or onet hane. 7
and 10 evaporated. Treatnent of the residue w th nmethanol 2028cembe) 2004

resul t edV@#2/0F¢ci pitati on of the desired product,
~washed wi th nethanol,

separ at ed by

filtration,

The extracts were filtered t hrough a short.

silica colum

conpourair/usonsh was
and dri ed under vacuum The

ﬁ). 86 ¢g. Additironalty, 072 gf —the—conptex—was—eobtat+nree; by
evapor at i ng r —liquor and g=netrol eum ether to the residue.
Overal | yield: 1.13 g (72% .Adklysfsonpoupd | A m xtyggr of 1rCl'3nH20  (54%
Ir; 530 nmg), Cémpdart Noxyphledytoand- tfifl uoromeehybpysidhne (2.50) g),
AgCXIIIFS 1.12 , ang 0 nderi a fl ow
of N2 as .tlhe ter%g%ratur Cwavgs@p%r ﬁ\g 8%’;’ Egﬁi’mggdéﬁﬁe’ggc (oil
bat h) . After 1 -hour “at %3 : The m xt urej was
cool ed down to roomtenpfr@ . re extracted with
di chl or oni etthame—unt- —the CI\L acts - '
di chl or omet hane I-&ol ut | a4 MeEE.3i | ter ety ﬁ;‘kﬁ]éﬁ @75 fdy 751 (1H,w.80l urm and
evapofated. The resk d@@bs wash (ééiﬂ)l?l%éklﬂhéﬁﬁe(mﬂ)then :
recrystal | {zed from - 31MN-4% t4ablqr oet h 35 -ﬁéﬂe(ﬁ)eslﬂ%&@dd)a) Yield} 0.30
g. 19F NWR (CD2GLl2, 20COM7. 5y -63 (- skH1 ), [8: 8.1
(1H), 7.9 [11-), 7.8 ( lﬂ;;)g,_o%f@ % 1H), : ﬁI)Ggg ?I—Q)Hggy gay qual ity
crystals of the conpl ekt l4.&¢5)chl or ot gne635 aﬂg h at e) wer €
obtained ffrom 1,2dichlfare 3 heXy 518‘3? | |exv S
orange- phpt of uninescepfr: dhds | - % Hﬁh?@ jili
through 1-mand I -r- we e mlarly g]_'“_ep m prepar at | on of
conpound | fr—a—pixtut-erof-FSoters—was ta h-the fluarine iln either
the R6 or RS pobiction. | €144 @23D2714 | 26 @ecﬁmmamms(mpmm/ 20539
TABLE 5 Anial ysi SNVMR Copfodrib@al)cd (fOLn{ ZUH) 25C " 1-aC 50.3 (30.1)1H:
6.8 (1H), 6.9 (111), 7\N: fPIB)6) 7.8 H: 2F5—@07{_1)@2-153)4'(1F)95 (111), /8.1 (1H)
-~ 1-f ' I?I 305.4((5%5) TH: 6.9 (1H),7.1 (2H), 7.6 (1H), 7.8
12527 1H), 7.9 (1H), 8.1 (1K}
N: 4.9 (4.9) g911;1) 452.4& . 81018
~TABLE 5
(continued)
 Analysis |  NMR
Compound {calcd (found) (CDyCly, 25°C)
1-g | C:559(563) 1H; 6.4 (1H), 6.7 (1H), 70(1H) 7.6
{H:3.03.2) ng) 7.7 (2H), 7.9 (1H) ,
_ N: 5.9(6.0) 9F: -112.6 (ddd)
" 1-h 1 C: 51.0(45.2) 2= 68(1H) 6.95 (1H), 7.05 (IH) 7.7
[ H2.123) 1 ,80 1H), 8.9(1
" . N:_ 4.9 (4.2) g H) ( ) ¢ H) :
14 7 I(_:I: 4219;1( 2(4;;9).3) 1H: 36(3H),63(}H),66(1H) 7:7 -
T 2.5 (2. S (2H), 7.85 (1 7951 )
. IN: 44(4.4) EH) (H) (H)
14 | C: 474474 |IH: 67(m),71(m),75(m),76(m) |
H:2.002.3) 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: ?38.5(?4;.0) 1H: 6.9 (1H), 7.15 (1H), 8.1 (IH), 8.3
H: 1.8(2.1 1 ,845 1H), 8.6 (1
N: 8.5(8.4) g H) (11D, 86 (1K)
1-1 C: 42.2 (42.1) Iq: 65(1H) 6.7 (1H), 7.75 (1H), 7.85
H: 16. (1.8) gIH) 8.0 (1H), 8.1 (1H)
N: 3.8 (3. 7) 9F: -58.1 (1_) -63 4(1F)

2




-63.4 (s

19 N 4.9 (4 9)F: -63.4 C: 0.0 0.2) 1--bC: 47.4 (47.3)1H 6.4 (111), 6.75
7 (I

(111), M 7.8 H 2.0 (2.1)(111), 7.95 (111), 8.05 ( 26{Dehembe620DHIF:
WO § 754 ddd ). 1-cC 47.4 (47.2)1H. 6.6 (111), 6péTfistl/zes8e 9

(IH), 7. %s H:. .0 (2.0)(1K), 8.0 (111), 8.6 (111) N 4.6(4.5)9F. -63.5 s ;

© -112.8 (ddd) ldC 55.9 (56.1)1H. 6.6 (211), 6.8 (111), 7.0 (111), 7.6
(1H),7.7(111),8.4(1H H 3.0(3.2)9 'E&é@ﬁﬁﬂb : _-115 0 ddd 1-eC 44.1

(43.3)1H 6.9 (111>ms7exambm&[sua7esahéﬂr%émggn 9 it o %1&%4@@%118 2 (111)

(N21§) ! ";’ g) (lsl)gi‘")‘mg%"ém 2 I%%%?ﬁfhﬁmaweq 9 (111), 8.1 (111) ' N 4. 99F
-62.4 TABLE _(gp_o_mﬁd_nmed) Anal ysi sNVR CorrpOlind( calcd foundCD C1 25C 1-gC
S50t 30 3 . S b st Cidhpopmeonpienn
(45.2)111: 6 gu(lqlmg) (1.8, @5andisiiyys triflubBacdibie, (110 %) bas 2igbr¢RlB3tidddat 8. O
(111), 8.9" (1199-19¥°C*oP 4908RF The fdufting solid was chromatographed on silica with
dichloromethane 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 . | EXAMPLE 4 |
' This example illustrates the prcparatlon of an hydroXO mdlum dimer,
: havmg structure {(VIII) above. ' T
- A mixture of IrCl,- nHQO (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




. 1-C. 49.4 (49.3)111: 3.6 (311),:6.3 (111),. 6. 6 (i11), 7.7 H 2.9 (2.8)~2H),
7.85 (111}, 7.95 (111) N .4.4 4.49F. -63. 2 | -jC 47.4 (429ﬁegé.que,62d)4(m
7 A(m . Wi 7.6 (m, H 2.0 (23)7.7 (M, 8.0 (M., Spérkmhydisd. 6
(4.7)19F. 8 s resonances (-63.0 - -63.6) and. 8 ddd resonances (-9

-125.5 1-kC 435(440?1H 6.9 (111), 7.15 (1H), 8.1 (111), 83H.

1. 8(2. 1) (1H) (segispsodpicallp pusd). N (@D}g@fj -1. 0(6,2119 ROHY:S. ﬁ@idzzﬁﬁz. 1) 1H:

6.5 (111), 6676(&1211{) 77(?:[5, :ﬁI—ﬂ"ﬁQ(ﬁd@HﬂSs Glﬁkgiéh@g&%@ 89 1(1H
N 3.8 (3.7 63 29 4 /02714 .
PCT/ USO(ll 20)5 gD?-ngXNF@(ES & 7h)-s 1@ Af¥% IF) - ust rates the preparation of

i ridium corfpl exes of the Second FormAm]j,EgaLchxL yL"Z above, Conpound
1-n 5 Anmxture of.Lrcl 3- :
2-(3-trif uor onet %’Sp‘??@ﬂzﬁﬂl%ﬂﬁaﬁﬁ(’tﬁ%ﬁeﬁééf(a{% bis-gdometalatad qomplexes

rifl uoroacet ftom giiridug)dimers vi gorously sti rred at - 190-195C. for 4 hours:
The resul ti n@oﬁohggiﬁ chromat ographed on silica with dichloronethane to

produce a mXture e di cycl onetal ated conpl ex and the -unreacted
I'i gand. The | at.t el Wiwecfiheridivs hydroxodinen(lo0mye) feor Exemplert, wiliyh 10 vvar_m

hexanes. Af t gfetddreta®xX it @St 6 K olid
was col Iﬁs:t ed e;;nd drlgd un%%?ﬁgagﬁggliiahga?}gllﬁsmg g %hﬂ?%g%{rﬁg& -63.5

(s, 6F), 2 76750pR teaipfratugs gvern Lo @Bﬁﬁ?ﬂé&@%@aé@r&@m@ hed by a
single cr ysphag axd esypatattf tagive an osdrigdyyellGarsetia Rehidh Qaslﬁaﬁewglur e of

S L1 aor o BRSOy 36 Bl BB RN o Vol o
trifluor oace(céﬁ)zc ok 11 ML §Hadak9 £dmr€Ed) 48 (B9OELCACH), 5. 9r(ﬁ1)f67 (hher.pol i d
product was (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). IHNMR(CD2C12, 20 °C),
| 692(brs 1H), 8.2 (dd, 1H), 8.1 (@, 1H), 7.7 (m, 1H), 6.7 (m, IH) 58(dd IH)
25 3 7 (m, 2H, TI—IF), 1.8 (m, 2H, THF)
Compound 1-x : : : L
- A mixture of the ‘mﬂuoroacetate intermediate, compound 1-w (75 mg)
and 2—(4—bromophenyl) 5-bromopyr1dme (130 nmg) was sturred 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

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




chr omat ogr aphed on silica with dichloromethane to produce 0. 33 g'of a 21
co-crystallized adduct of the dicyclonetal ated aqua trifl gomraesibat 2004

conpl ex, WO @eapaund 1-p, and the unreacted |ligand. 19F NVR-taRershséPF) .
-76.5 (3F) -87.7 (2F), -114.4 (IF). The co-crystallized phenylpyridine .

| i gand was renoved by recrystallization from.dichloronethane-hexanes. The
structures of both the adduct and t BEXAMBRE®&x were establi shed by a single

crystal X-ray dlff’I‘lﬁﬁEk e $thtiiMtes ¢ @M&Eo iy h;l{; ates
t he preparat| E%gﬁ 0 |r|d|1?uér3np I mer, )ﬁgvfﬂr?gc@ ucture tﬁﬁl :
above. A m xt m?’“ V(‘354% lr; 510 nmg), 2-(4-fluorophenyl )-5-

trifl uoronmet Womppaindi ke (725 ng), water (5 nmL), and 2-et hoxyet hanol (20 m.)

Nt (2/3%9) 1 vl SR Bt ool omniher TR
m xture was z%@qorctre@ltm éMReTLGxaﬂCbTGA datay rtise reﬁhie“mxhamﬁomtél?qkled down
to room terrgﬁﬁﬂrgbgﬂlegh&glt rﬁﬂrﬁmﬁa@ eg%owater, and filtered. The solid

was Vi gor ousl stirre ux wt mL of 1, 2-dichl oroet hane and
aqueous I\laO—If(&’me%&Ué—é‘é in 8 n1_ of water) for 6 hours. The. organic solvent
Wastﬁvaporat ed fLQfmﬁl'ﬂl@re(EﬁIX(C Ml @(54**/@&\/@4@@%@%%% ??1 %{ange solid
in the aggeo ase s ate ati.on
thoroughltig Léél‘ﬂlllﬁl)cf WCPW &Q@ d‘g‘g@g:ovéﬁ‘sﬁoér‘go\ﬁécWﬂSf&%aﬁdé”@ 94 g
(95% of the Vﬂgqrdulalmthym&mdor adflowrof 28, AAhOragRir eaiwsloaf@ 614@%?11351

IO 56 ( ey LN B S B0 B s oty el

2H); 9.1 (d, "EKjure warcaqlad dovwy toREMAPmpeBAs. e sAlids, werd 8gtrbtdciatiih | F) .

"EXAMPLE 5 5 BIHh&rSfﬁ@ﬂiﬁh@uﬁth'th@é}&?&tc%sdebgl%n é@pm@éon%n&{ ﬁh%lﬁr&xl\{ etalated .

Py oxo. B e POIPHE Wifp T Escagp e hat stiohgplomdsnepested. (The0agiurt .
4-fol d excess@as tlemoghty Wasied veithisssanéSandrtsledwadestdcii®d Yield: 0.53 ¢
(49%). I9F (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 - (8), 7.5 (m), 6.6 (), 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, ©F), - 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;

25




.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 2004r1n946®vﬁﬂi it WEIE, tﬂsmdwécmﬁ&epﬂamj-ﬁl&hén 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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This exanple illustrates the preparation of
Fornmula inei-lr(La)3 above.
in a mnn®o &iarridar to corrpound 1-n.
I data,

Conpound |
According to the NVRp

t he result was an approximately 1:1 mxture of the fa
meri di onal - 9 9)
2-(3, 5- dlfluorophenyl) 5 10 trlfluoronﬁﬁﬁyEpﬁ/rldl ne (1.40 g), AgOCOCF33,
(0.81 9g), advvateA O;él Uh&AWS YiinYir irred under a flow of N2 as
t he tenperatjure Sm_ q h%) OZQ{,I pé h ﬂlféSC (oil bath).
After 40 m n at 1 e_ﬂcx&gg ﬁé%ﬁ r:rdﬁl?e Ke mxture was cool ed down
to roomte eraturgvln? gp Lr fn HWith dichi or onet hane ynti l
the extracts decol o5 2ed! ‘S[W%%WI%%P}&“FFW{BP%W{‘ ratdrienyamsibarei ons wer e
filtered thriough a short silica columm and evaporated. The residue . [was
t hor oughl y shed w th fhex g%nd dr 1 eg jler vgcuum™ Y - 0.53
(49% . 19F I\/Réa Cl2, &ﬁﬁ@i A) 35) -63 ?lzlf?slay%fF -63{67
(s, 3F), -8%+% LFSME s Y, g MlF),
-119. 3 (ddd, Cvmparahm" MPlvﬂﬂeﬁzsb ). Ir(my}gl\moamcmPAQ1®)+mq3sszn)(s), 8.
(m, 7.9 (mf. 7.6 20 (s wldip 6. g;p Wi
"meridional,] as was al g con&l ?29 (ﬁ% E( ray‘—gnal éjsllﬁlgi(g Rﬁ’angfgﬁ Thi s
conpl ex was {prepared ‘ard isolated di@PParly to conpound. 1-q, then
purified by icrystallizanpr (5am 1, [2=shediner et hcllj]ﬁ:)PAfe nes.. The yield
of- the 25 pgurified prgduct was 53O g’&e conplexf{is ner, as foIIovvs from
t he NWVR dat a—19F - NVR ((CD2C12,. 20 (\(5 63.48 (s, 3F), -63.52 (s, _
6F).,:-105.5 :(ddd, . | FPMPMPIGE0P( dCompdond 1406 mma,ujmq%mg- 4qt,
1F); -107.9{(t, 1F), -1.093 (t, IF) &5 NVR: . (CD2(:12 20 C .6 (m,
8.3 (s), 8.2~{sr—8-t—{m—79 (1Y () 6.4 (m__60[(m,
5.8 (m. 30{Com -“4ound MP/W'GS@SMV&W@M I\Ahs )Dénmema)m% qmm)ﬁer
simlar to ¢onmpound |-\, usi ng t he t(ﬁd)g)l uoroacet at e di cycl omet al at ed
i nt er nedi at ¢,—conpounds-t=—x—and
2- (4-f1 uorophenyld) - 5- t | MEMEEAR: hyIGmpagindd-i 19 M(memgm%), 8:
-63.30 (s, BF), -63.34|(s, 3F), -634)(s, 3F), $108.9 (ddd, IF), -10p.0
ddd, IF), [~ _ ‘ —
( ) 6 |MPMP(545) |Compoundli - | DDPA (111)+ Alg; (319)
' 1 (462) L
7 MPMP (643) _Compoundlgg 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 DDPA_‘(1:08)+A1q3 306)
S @ N |
| 11 o MPMP (603'_)_ Compound 1-d DDPA(11'1)+A1q3 (303)
12 MPMP (551) | Compound 1-¢c | DDPA (106) + Algy (313)
| | |65 T
13 MPMP (520) | Compound -1 | DDPA (410)
] (405)

i ri di um compounds of the Fifth
-s 5. This conpl ex9vEzempet RBG4 zed

-'H‘l%m o TGA
cial an ]

1



STC-200). Al filldhthioc

|

l

35 -109.7 (ddd, IF). 1H NVR (CD2Cl2, 20 C), 8: 8.

3-7.6 (M, 6.7 (m, 6.

6

(dd) 6.3 (dd), 6.0 (dd). This yellowlunminescent nerisi @d&lecembpt 2004
i somer i seWQ e/a2et green | um nescent facial isomer, conpoumdTiuini/2u$on
sublimation at 1 atm 25 29 Decenber 2004 WD 02/02714 PCT/ US01/ 20539

EXAMPLE 7 This exanpre iitostrates—the formation

transport layer (HT layer), 5 el ectrotauﬁﬁﬁ@agent

| east one elgectron transport layer (ET layer) were fabricated by the
war-d—Aut-0—30 '

t her mal evap aton—techni gue- An_Edy
di ffusion punp was used} THE lpere vacuuBLflayeral |

: jof the Bhlagefilm
deposi ti on was Bampke r aﬂﬂﬁclﬁ’fess'l,@:)G tO]Tlﬁckn'EbgeAerom t i gThickadEhed) was

UI u_I:Ua usT11y LhC f

“layer (EL layer) and

5 di um
conpl exes of{the invention. Thin film ABBE 6 devi ces i ncl udi ng a hole

at

capabl e of deposifjing f { hout d to break u
10 vacuum An |nd%4umt| h oxI dg(ﬂ gé;%dy\%bass %@E‘E&(?g e was used,
having an I TO_ | ayer o.f about 1000 @@0:0 A The substrate was. first

patterned by} etchjyg awaMPI\Elhﬁﬂ%ﬁ' n@&g Bhea (v

forma first] el.ectrode patter é
patterned | TO-substratels were then {1 28) eaned ul't

%llgd solution,
de tape Was use t he mask.

rasonically in agueou

detergent sqglutiormp The W(%es \p@(glgp(t,ﬁﬂnl ol FWPAA Rﬁbgd' stilled wa

fol |l oned by [i sopropanol) and then e(%i ased n
The cl eaned,!patterned.yl TO substrat t hen_l 03

tiol uene vapor for -3 h
ded into the vacuum:

chanber and the cd¥anber| M@3MPEPRd |dOMApdtdIOn 6 t
then 20 farjther-cleandd using an ox(éi;ﬁ)n pl.asnma f
e 'g\lers of t“: 2. f: ! s SEERVY =Y

Q]sﬂ)PA'(l;m))subst rate wg

a fhpn dpnnc|tpd

Af t er cl eanifg—AeH-tphe- -+
sequenti al Iy} ont d8 he sudEMRa{SE1py | Cdrapormid leyap(
met al el ectrlodes of Al jwere dep05| te(glz)through a

)ﬂ}il)]PAtrQ413§| nal ly, patt
mask. - The thi ckness ¢

t o Ayt al nmonitor. (9
AV | L UAT rmonTrsTr T T

or about "5-10 m nut es.

p the
to
The

ter,
ours.

erned.
f the

fil mwas negsured durit Mc Uﬁ%étall)uréé)alﬁl%ﬁuyuun
r t|ePmipp 5 |

cal cul ated. |assunming tHe density -dfipdye material

L

SR €46123r e noni nal

deposited to be org.

dycon

The

RS A et ot R g T
— | CuR |
21 | MPMP Compound 14 | DPA (416)
1529 (419) | |
22 | MPMP ' Compound i-u | DPA (405)
(520) (421) |

The OLED samples were charactenzed by measurmg their (1) current- .

voltage (I-V) curves, (2) electrolummescence radlanc

e versus voltage, and

3 electrolummescence spectra versus voltage The apparatus used, 200, is
5 shown in Flgure 2. The I-V curves of an OLED sample 220 weré measured with
. a Ke1thley 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'coll'ecting hght using a pair of "
.10 lenses, 230, through an electronic shutter, 240, dispersed thiough a'sj)ectroéraph,
- 250, and then measured with & diode array detector, 260. All three measurements
. 'were performed at the same time and controlled by a coniputer’ 270. The
efficiency of the device at certain voltage is determined by dividing the
'electrolummescence radiance of the LED by the current denmty needed to run the

15 device. The unitis in Cd/A.
- | 28




- was applied adjacent to the EL

A summary of the device layers and thicknesses is given in_ Table 6. In all
cases, the anode was | TO as di scussed above, and the cat hgd®esambéd 200evi ng.
a 30 thi cWite®02i13 t he range of 700-760 .~I. In sone of thepgafdhESs;d

two- | ayer el ectron' transport Iayer was used. The layer indicated first .
26 WO 02/ 02714 . 29 Decenber 2004

PCT/ US01/ 20539 TABIEBB%SMPg@egI\temm%gblnydqe@wqm nol ato) al um num DDPA =
2,9-dinmethyl -4 _7-diphenyl -1, 10- Dhenanth roI ine Ir(ppy)3-= facr_f-trl s(2

phenyl pyri dipe) iridium MPMP =
bi s[ 4- (NN- di fet hyl ami no) - 2- net h I 5%1 thyl pheny| ) rret hane Sam | eHT
| ayer EL | ayer—ET laye Ef E*Lﬁﬁ er@mda)
Conpar ativel\1Pl\/P (528)Ir(§§Fﬁlﬁ (4083t OIWAt(loe) PeakAl q3 | (B2poxiaaPRPak
- (520) Conpounid | i bDDPA (j1R&diancep| g@eis@@)an@a,gg) effivitviey ( 541) Wapdenpths, b DOPA
(407) (580) BNvAmRIE40) Cofguhd |1=eBBIPA(] 12) +CéiAg3(340) (498n 4NPMP |
(525) Conpound ﬁlgggﬁge 106 ga (3401 (406) 5NP (570) Conporngd =T DDOPA
(107) + Al ga ?33 41) 545)Copound (11]) + ALYS (319) |(462)
. 1400 34 11 T 525
at21' Vv ' ‘ :
2 1900 59 13 525
at25 Vv . -
3 830 1.7 , 13.5 525
: at 18V - \ '
4 7.6 0.005 013 | 521
| at 27V | : I
5 175 027 1.8 530,563
at25V | _ .
6 514 1.5 22 560
at20 V
7 800 ° 0.57 1.9 514
: at26' V- ; .
8 i 1200 061 | 2 517
_at28V | : _ i o
9 400 | 11 4 o545
| atl8V : o .
10 190 2.3 33 | 575
- atl6 v S | B :
11~ 1150 12 38 ol 506,526
12 340 | 049 . ] 21 . 525
R - at20V - : 1 :
13 400 {3 - 5 | - 520
: - at2lV :
14 1900 5 9 . 525
15 2500 |- 6 11 | . 525,
16 | 100 0.17 0.2 560
at27 vV a :
17 35 0.005 0.014 575
at28V - , ,
18 30 0.08 0.16 590
at 26 V- ' a
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7MPMP (643) Conpound |- DDPA (112) + Alga (361) (409) 8MPMP (539) Compound
1-fDDP(A (12)9)@ Al ga (318) (430) 9MPMP (547) Compound - aaDRADEckBer 2084 ga
(300) (AXQMATWPNP (532) Conpound |~ hDDPA (108) + ‘Al ga ( 308rrfibesisd VPVP
(603). Conpound | -d(111) +. -Al ga (303) (415) |2MPMP (551) Compound 1- cDDPA
(106) + Al.ga (313) (465) 13MPMP (520) Compound 1-1DDPA (410) (405) 27 WO

02/ 02714 29 Decenber 2004 PCT/ USUJ.I 20539 —TABHE—6 \\JUIIL; ||ueﬁl} Saup: aHT
| ayer EL | qyer ET | ayer Thickness, ThidABEES, (Thi ckness, A 14MPMP ‘
(504) Conpoynd 1-bDDPA (393) (400) 15(wahﬁnﬁ@}8)00npound | - bbDDPA (418) (153)
16 MPMP (556) Conmpound T- mMpRA (2 RHdiéhE)at - TP 520710 Lﬁﬁﬁ%ﬂfﬂatbﬂpé PRA
(420) (419 Radiance, | peak radiance, | efficiency, Wavelengths, '
Sample Cd/m2 Cd/A Cd/A nm
19 © 2000 -6 8 532
at21' v )
20 350 0.60 1.6 595
, ‘ at26 V , o
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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- 18MPMP (511) Conpound | 0oDDPA (413) (412) 19MPMP (527) Conpound 1- RDDPA (412)
(425) 20MPMP (504) Conpound 1-gDPA (407) (417) 21MPMPConpo@9deketiD2A2(346)
(525) (419) 22MPMPConpound 1-uDPA (405) (520)(421) The OLED sanples were
char act erlzed by neasuring their (1) current voltage (I-V) curves, (2)

el eCls se radi ance ver g 3, and (3) ele ]
specE'- ¥t age. ‘The appar & 200 I's 5 sho
The I N cur.ves, of an OLED sanple, 220, were neasured with ,
Source- Measurenment Unit Mdel 237,280 ¢pkipgagel ectrol um nescence radiance
(in the unit of /n2), . vs, voltage was neasumfeg, ) M nal -
| umi 'ne'scence"rret%a“%%me ile the voltage wad-2E4 e LELC R
SMJ . The el ectrol um nescence spectrum was obt ai ned by coll ect |ng

' [ f 10 | ' “
using a pair o qnsﬁorgﬁz?\pelec&ml@&égﬂe&ﬂndﬁ 'lwg {gg% gﬁ%ﬁpﬁs 4 ode
re

di spersed thr ugh spec. 250, .an
array det ect %H ?‘“F‘% g@ﬂﬁgém performed at the same

time and control led by a conphL@.rch}JJYy&"z,The efficiency of the device at

certain voltage is. dghgem ned by dividi ng the- el ectrol uni-nescence radi ance
of # he LED. by the current fs'“tdf neeg@d QC,) run _the 15 device. The unit is
in Cd/A 28 WO 02/ 02714"Tﬁé’r 35l 4 8 7 Verls wigh hgprogisy el | ow. 29 Decenber

2004 - PCT /USOL1/ 20539 TABLE=QForydzefmml uni nescent Properties of Iridium -
Conpounds Pegk Efficiency vilen y =2 then z=0; :
' : o L’ = a bidentate ligand or a monodentate ligand, and is nota
phenylpyridine, phenylpyrimidine, or phenqumnohne, with the
proviso that:
 whenL'isa monodentate 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

e

c:l‘

_ 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

from nitro.
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. Peak Approxi mate Peak Sanpl eRadi ance, peal s radi ance, efficiency, 7
Wavel engt hs, Cd/ n2Cd/ ACd/ Anm Conpar at i ve5400. 390. 48522 at 29Dedember 2004

114003. 411525 at 21 V 5.913525 1900 at 25 V 8301.713.5525 at 18 V

0863 a0 25 V 5141, 52 2
ey o, A eh1. 1545 at 18V
at 16V 1111501, 23. 8. 506, 526 at 25, V. |

4. The device of Claim 1 wherein R3 is CF3.

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,

Ry, R5, R7and Rg = H.
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=0,1or2, andz 0 or 1, with the proviso that:
o 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, y+z =2, and
when L' is a bidentate ligand, z=0; -

32




123400. 492.1525 at 20V 1‘340052(.) at 21 V 1419009525 1525006_ 525 11
161000. 170. 2560 at 27 V 173.50. 0050. 014575 at 28 V 18300. 28MeLehidRr 2006V 29

WD 02/ 02714 29 Decenber 2004  PCT/USOL/ 20539 TABLE 7 (conti nued)
PeakEf fi ci ency at PeakApproxi mate Peak Rad| ance, peak _
radig £y, Wavel engt hs, | gCd/ ACd/ Ai-nn 19
VvV 2G ¥ at 26 V 2112005 5 g O ADUDAG LR o
efficiency is the best indication of the value of the elect rol'um nescent
conpound in‘a device. It gives a neasure of how nmany ‘
: L"="a monodentate ligand, and is not a phenyipyridine, and
phenylpyrimidine, or phenylquinoline; and -
L3 and LD are alike or different from each other and each of L3,and
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 [p-(diethylamino)styryi]-5-[p~(diethylamino)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-
' 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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5 electrons have to be input into a device in order to get a certain nunber

of photons out (radiance). It is a fundanentally inportan Duceireer 208 ch

reflects the intrinsic efficiency of the Ilght emtting material. It is
%;practlcal appl d-cati.g

& ghs are needed i rnoybEGNEES $

ich'in turn nmeans | ower power 10 consunp ron. ngher ef fTCrency d ‘

also tend to have longer lifetines, since a higher proportion of |njected

el ectrons are convertHd Ammuﬂ&hamgafoﬁmmﬂeaédﬁmﬁe{rm)g,%ﬂmm or causing
an undesirabl e chggi. b Ak Shdr DA Gl Sd&ﬁgﬁ&g%&@]_a&{hgi &%nplexes of

t he i nvention hav gher encl e
fac-tris(2- phenylﬁ%ﬂgﬁghg}= “BPU @d#ﬁﬁb¥5“¥wggg3ﬂﬁﬂblexes mnth | ower 15

efficiencies may al so find ut|I|ty as phosphorescent or phot ol ui ni nescent
‘materials, or as catalysts, agdi scgsseg,abovg, 30 29 Decenber 2004 9 s
CLAIMS What is clained is: 1. AN 0fgan|c‘gle'tron|c devi ce conprising an
emtting layer conprising 5 at “ dlun1co ound having a formul a
bel ow. IrLalLbLcXVYV z 1 10 —R vy ,10or 2, and z'= 0
or 1, with the proviso that: and mheny:Zthenz :0; L' = a

bi dentate |igand or a nonode , gl 1S not a -phenyl pyridine,.
pbenyl pyri m dise, 'or phenylquinoline; wth the proviso that when L' is
a nonodentate ligand, y+z = 2, and when L' is a bidentate Ilgand z =0
1:'=.a nDnodentate | i gand, and is not a phenyl pyridi ne, and :

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

10
l}g
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phenyl pyrim dine , or phenylquinoline ; and La, Lb and Lc are alike or
different fromeach other and each of La, 20 Lb and Lc ha9 Decenmbenpeoq 1)
bel ow. wherein: 25 adjacent pairs of Rl1-14 and R5-R& can be joined to form
a five- or six nenbered ring, at |least one of RLI-RS is selected fromF,
' o @'-umf. and CI:FZX zof and X =1l ¥

conpound LS present in-an amount of at Ieast 20% by wei ght of the emttl ng
| ayer. 2. The device of Claiml whgrein x =1, y =0, and z = 0. 3. The
device of Ctaim 2 wherein C and %one of RL Rg is sel'ected fromnitro. 31
. Xv 29 Decenber 2004 4. The deyice pf Caiml. wherein R3 is CF3. S. The
device of Claim4 wherein pat st pne of R5-R8 is selected from F, 2n+le
OCnF2n +1, and OCF2X, wher and X I_JHH’ CI, or Br. 6. The device of
Claim2 wherrein A=C, R3 = /| =.F, R2, 5 R4R6 and Rg=H. 7.
The. device of Caim2 whefei ./ ~ndR6:CF3 and R, Rz,

R4, R5, R7 and R8=H 8. The devicg of }Iﬁi m_ 2 wherein AVD C R3 =CF3, R6 and
Rg = F, and Rl, R2, R4, H5, &nd = 9. The device of Claiml wherein
Xx %0 and y = | having a sfructdte (V) e, 15 10. An organic

el ectroni c device conprising™s ifting | ayef wherein the emtting-|ayer
conprises a diluent and | eps D% by wei ght of at |east one conpound
that has a Second Fornul a pel dvli's 20 ol rLaLbL' yL"z (Second Fornul a)

(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




=N, there is no RL. 11. The dev

where: vy = 0,1 or 2, and z = 0 or 1, with the proviso that:
: wheny 2thenz:0; 25 L' = a bidentate Iligand or a nonoderabedmmganrdosand

is not a:'. phenylpyridine, phenylpyrirnidine, or phenylquinoline;, with
the proviso.that: when L' is a nnn--entate‘llgand y+z = 2, and when L'
is a . ; gicbgdand, z = O; {32 JBEEr 2004 LM = af

| i gand, - not a phenyl pyri di n€, ““Htrenyl pyri m di n®

phenquU|noI|ne and La and Lb are alike or different f rom each other and
each of ‘La and Lb has structgﬁe (Hi beﬁomr é%a wher ei n: adj acent pairs of
RI -R4 and R5-R8 can be joine o §orm ah 10 ve- or six-nmenbered ring, at
| east one of R1-R8 is selected [/ ) CCnF2n+1, and OCF2X,

N, f®ovided that when A
10 wherein the diluent is
selected from 15 pol y(N-vi nyl oarb zol e) / polysilane, 4,4 -N N -dicarbazol e
bi phenyl, and tertiary aronatfc am nes. 12.RThe device of Caim1l, further
conprising a hole transport |layer selected fromN, N - Biphenyl -N, N -
bis(3-nethy|phenyl)f[l,l'fbiphenyl] 4,4' - di am ne (TPD), l—bis[(di-

tol yl am no) phenyl]cycl ohexane TAPC) 20

NN- bi s(4- met hyl phenyl ) - N a-coin having one of structures (IV), (V), (VI), (), and (X)

et hyl pl aenyl ) -5 1,%efowt 3, 3' -ti i met hyl ) bi phenyl)- 4, 4'-di am ne (ETPD)

tetralds -(3 nethyl phenyl)-NN, N, N -2,5-phenyl enediam e (PDA), a
phenyl -4 N, N—dlphenylanlnostyrene (TPS) p- (di et hyl am no) - benzal dehyde
dlphenylhydrazone (BEH), tri phenyl am ne (TPA), bis[4-(N, N

di i et hyl am no) 2- nethylphe%yl Wylphenyl)nethane (ML' MP), 1-phenyl 3

where n =1-6 and X = H, O ,Rg

0 B
Pt
N

10
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25 [p-(diethylam no)styryl]-5-[p- (diethylam no)phenyl] pyrazoline (PPR or
DEASP), 1,2-trans bis(9H carbazol - 9 yl ) cycl obut ane ( DCZB®)Deddmber 2004
N ,N -tetral ds(4- nethyl phenyl)-(l,l" biphenyl)-4,4"- diamne (ITB),
por phyrl ni c corrpounds and conbi natl ons thereof. 13. The device of Caim
apEiesi Ng an el ectron dgeansn « ayer 30 sel egle
R gaegol at o) al umi num BENSE, 39/ - 4, 7- di phen
phenanthroJrl ne (DDPA) 4, 74phenyl - 1 10- phenant hrol i ne ( DPA
bi phenyl yl)-5-(4-t-butyl phepyl)-1, 3, ‘4 oxadi azol e (P13D), - :
3- (4- bi pheayl yl)-4- phenyl - pb- (4Ft-butyl phenyl)-1,2,4-triazole (TAZ), and
conbi nations thereof. J 33 P115) 29 Pecenber 2004 14. A conpound having a
formul a selected from fac-f( mef-1r(L)3, and conbinafions t her eof ,
where L is selected from grjou t hf ough lepand j through _|I _v. as
shown in Table 1, and has gtrs S ow. -5 15 A corrpound having a
structure sel ected from strfuct uf es *{%’ ., (V1), 0 and (X) bel ow. 10
34 29 Decenber 2004 F 16. An q ani/o \ep_l; oni ¢ devi conpri sing an
emtting layer that. 10 co a d selected fromthe follow ng -
(i)*and (ii): (i) a conpourd @vi g a fo‘rmﬁ](aH§eI_ected fromfac Jr(L)3,
mer-1r(L)3, and conbinatigns ereof where L 1s a group selected from1l-a
‘through 1-mand I-- through 1 as shown in Table 1 and has structure (1)
bel ow. 35 29 December 2004 (ii)>a enpound havi ng one of sfructures (IV)
vy, (\),. (IX) and (X) 5 bel ow

F
O,
R
} iz F CF3
2 g
s
CFh /2
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-
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0\OCF3 (V) 10 36 29 Decenber 2004 5 LJ2NN CF3 2 10 17. The device of
Claim 16 wherein the emitting layer further conprises a 28iDeteniber 2804t he
devi ce of CI aim 17 wherein the diluent is selected from poly(N-vi nyI
car bazgkekrs = ane, 4, 4W N - di gasd | phenyl , and } ,
ar omafit ;~.-:»a 19. 'A corrpoun% : ‘
2-d, 2-f t krough 2 37 29 Decenber. 2004 r, and 2-t through 22aa as shown
in TabI e 2, having structure (!1) bel ow 10 20. A conmpound havi'ng structure
VI bel ow B wher®%pust2-t thrgugh 2-aaas shopg in Tsble 8 hawing stauctunelflD) Yelow: and Ld are the
sane or different fromeach other, and each of L% Lb, Lc, and Ld has
structure (1) below 20 wherein: ad'acerfzll pall{s of R R4 and R5- RS. can be
‘4

joined to forma five- or si et ed 2at | east one of RI-Rg is

selected fromF, CnF2n-,-1,
' oS |
N

R{¢ R ’
5
10 .
20. A compound having structure VII below:
]I_}.
b ¢
L\ /0\11- 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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25 OCnF2n+X, and OCF2X, where n =
N, provided that when A =N, thele is no R

wherein: 38 J x w La=Lb=Lo=Ld; B=H, R3 = CF3;
= H 39 29 Decenber 2004 '

R S R
B i e e g F_“.
pat SR

" " La=rb=L0=L§
B=H;
R3 =CF3;
" Ry=F;
: 5 R}, Ry, R4-Rgand Rg ~H,
._1
~

39

H

1-6 and X = H d, or Br, and A = C or

21. The corgdswambir Zb@i m 20
R7=F; R, R, R4-R6 and RS






