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It is well known to use organic electroluminescent compounds as
the active component in light-emitting diodes. Simple organic molecules
such as anthracene, thiadiazole derivatives, and coumarin derivatives are
known to show electroluminescence. Semiconductive conjugated

25 polymers have also been used as electroluminescent components, as had
been disclosed in, for example, Friend et al., U.S. Patent 5,247,190,
Heeger et al., U.S. Patent 5,408,109, and Nakano et al., Published
European Patent Application 443 861. Polymeric materials with stilbenyl
or oxadiazole side chains have been reported by Holmes et al., U.S.

30 Patent 5,653,914. Complexes of 8-hydroxyquinolate with trivalent metal
ions, particularly aluminum, have been extensively used as
electroluminescent components, as has been disclosed in, for example,
Tang et al., U.S. Patent 5,552,678. Complexes of Iridium with
phenylpyridine, phéhquuinoline, or phenylpyrimidine ligands have been

35 disclosed as electroluminescent compounds in Petrov et al., Published
PCT Application 02/02714.

Electroluminescent devices with an active layer of polyvinyl
carbazole (PVK) doped with metallic complexes of iridium have been
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PCT Application 02/02714. Electrol um nescent devices with an active |ayer
of polyvinyl carbazole (PVK) doped with netallic conplexes of iridiumhave
been 1 W00200401825025 PCT/ US2003/ 023690 descri bed by Bamrusas3aasbodhonmpson
i n published PCT applications WO 00/70655 and WO 01/41512.
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enbodi t, the present in 25 el ectrol um nescent
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20 is covalently bound to at least one of the plurality of first-type inert spacer
groups, which first-type inert spacer group is covalently bound to the
polymeric backbone , and wherein at least a portion of each of the plurality
of first-type functional groups is coordinated to at least one metal.
In one embodiment, the present invention is directed to an
25  electroluminescent material containing at least one polymeric metal
complex.
In another embodiment, the present invention is directed to an
organic electronic device comprising at least one polymeric metal complex
of the present invention.
30 As used herein, the term “conjugated” is intended to mean an
unsaturated organic system having adjacent atoms with pi electrons where
there is extended pi overlap across the system. The atoms can be sp? or
sp hydbridized carbon atoms or other atoms with unshared electron pairs
which can be hybridized into p orbitals. The term “inert spacer group” is
35 intended to mean a connecting organic group that does not provide direct
conjugation from one end point to the other end point. The term
“compound” is intended to mean an electrically uncharged substance
made up of molecules that further consist of atoms, wherein the atoms
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where the functional group atom is a Lewis base donor atom, and the
metal atom is a Lewis acid acceptor atom. The prefix “hetero” indicates
25 that one or more carbon atoms has been replaced with a different atom.
The term “arylene” is intended to mean a group derived from an aromatic
hydrocarbon having two points of attachment, which group may be
unsubstituted or substituted. The term “heteroarylene” is intended to
mean a group derived from an aromatic group having at least one
30 heteroatom and having two points of attachment, which group may be
unsubstituted or substituted. Unless otherwise indicated, all groups can
be unsubstituted or substituted. The term “luminescence” is intended to
mean the emission of light without high temperature or incandescence.
The adjective “luminescent” refers to materials which exhibit
35 luminescence. The phrase “adjacent to,” when used to refer to layers in a
device, does not necessarily mean that one layer is immediately next to
another layer. On the other hand, the phrase “adjacent R groups,” is used
to refer to R groups that are next to each other in a chemical formula (i.e.,
3
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20 conjugated polymeric backbones of the invention.

Figure 4 shows Formulae XllI through XV for ligands useful in the
invention.
Figure 5 shows Formulae XVI through XIX for ligands useful in the
invention.
25 Figure 6 shows Formulae XX and XXI for ligands useful in the
invention.
Figure 7 shows Formula XXIl for a ligand useful in the invention.
Figure 8 shows Formulae XXIlIl through XXVII for ligands useful in
the invention.
30 Figure 9 shows Formulae XXVIII through XXXl for ligands useful in
the invention.
Figure 10 shows Equation (1) for preparing a ligand.
Figure 11 shows Formulae XXXIII and XXXIV for iridium precursor
complexes; and Equation (2) for preparing an iridium precursor complex.
35 Figure 12 shows Formula XXXV for a platinum precursor complex;
and Equation (3) for preparing a platinum precursor complex.
Figure 13 shows Formula XXXVI for a ligand useful in the invention.
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metallic complex, can be luminescent itself, or it can be non-luminescent.
Conjugated polymers are well known and have been studied
20 extensively. The polymeric backbone can be a homopolymer or a
copolymer, and can be substituted or unsubstituted. Examples of suitable
conjugated polymeric backbones include polyphenylenes, polypyridines,
polyarylamines, polyphenylenevinylenes, polyfluorenes, polyoxadiazoles,
polythiophenes, and copolymers thereof. If the polymeric backbone has a
25 non-conjugated portion, that portion may also provide charge transport
properties, such as with vinylcarbazolediyl or triarylmethanediyl
monomeric units. Other non-conjugated segments can be, for example,
acrylic, methacrylic, vinyl, or other known monomeric units. The
conjugated polymer is preferably a polyphenylene vinylene having at least
30 one repeating unit having Formula I, shown in Figure 1, or a polyfluorene
having at least one repeating unit having Formula I, shown in Figure 1,
where:
R1 is a substituent on a carbon atom which can be the same or
different at each occurrence and is selected from hydrogen,
35 alkyl, aryl, heteroalkyl, heteroaryl, F, -CN, -ORZ, -CO,R?2,
Cn(H+F)2n+1,
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20  More preferred R1 groups on the carbon atom in the 9-position of the
fluorene repeating unit are linear and branched Cg through C4- alkyls.
More preferred R1 groups on the phenyl rings of the fluorene repeating
unit are H, Cg through C4» alkoxy, phenoxy, Cg through C45 alkyl, phenyl
or cyano.
25 Suitable fluorene copolymers can include additional repeating units
selected from Formulae Il through XIll, shown in Figures 2 and 3, where
R1 and R2 are as defined above, and
in each of Formulae Ill, 1V, V, VI, VII, VI, IX, and X:
E can be the same or different at each occurrence and is a single
30 bond or a linking group selected from arylene and
heteroarylene;
in Formula V:
A is independently at each occurrence C or N and y is 0 or an
integer selected from 1 or 2, such that when both A are N, then y
35 is 0; or when one of Ais N and one of A is C, thenyis 1; or
when both A are C, then y is 2;
Qis O, S, SO9, or NR2 ;




20 More preferred RL groups on the carbon atomin the 9-position of the
fluorene repeating unit are linear and branched C6 through Cl12 al kyl s.
Mor e pr efworea/®302gr oups on the phenyl rings of the fl ueCErEs2003pebé ng
unit are H, C6 through Cl12 al koxy, phenoxy, C6 through C12 al kyl, phenyl
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heteroar%l ene; ir‘nlf;or | vl A is independently at each occurrence C or N
and y is™0 or an —i |l ected from1 or 2, such that when both A are
N, then y 35 is toe teo kibare omtheot,4A 1,5-, M,&na,oner @ 6-Apasitiads; t hen y is 1;
or when both A ar; Is 2, Qis 0, S, S, or NR2 ; 6 WO

2004/ 015025 PCT/ ) O in Fornmula VI: Ql is a carbonyl group, 0, S,
S, or NR2 ; W ithefwodt'gyre by theet.dr.clabkyli8-, 813-bdBnh @79,10t pogitions; can
represent one SiiAARMEK: 5 in Formula VII: the two E s are in the 1, 4-,
1,5-, 1,8-, 2,3-, or 2.6- positions; i, Formula VLII; the t 's are in

t he 1,4-1f8 1,5, 1 ﬁr-s,t%iséf-‘ ?h‘?z?ﬁ--,oro? P@?‘ﬁ@f-" %6%‘?9'1%‘%? in e G @B | X 10 a
first Eis in the 1lpo&iiony 3 position, a second Eis in the 6, 7, or 8
position; in Forrml r?ﬁhlaaxfirSt Eisinthe 2, 3, or 4 position; a second E
Is in the 7, 8, - josttion. 15 The first-type functional group is a
group that is capafitséEds in the2d8.ren4 pgsition;ea aeccend Els if the 7,i& or &t ype

functi onal groups 998§i[i6h.| y

15 The first-type functional group is a group that is capable of
coordinating to a metal. Useful first-type functional groups generally
contain at least one nitrogen, oxygen, phosphorus or sulfur atom.
Examples of suitable first-type functional groups include: carboxylic acid
groups, or the acid salt; sulfonic acid groups, or the acid salt; groups

20 having an -OH moiety, such as alkoxyl and phenoxyl; primary, secondary
and tertiary amines; imines and diimines, such as pyridine, bipyridine and
phenanthroline, and derivatives, including their oxides; phosphines;
phosphine oxides; B-dicarbonyl groups, nitriles and isonitriles, cyanates,
isocyanates, and any other coordinating groups. Preferred first-type

25 functional groups are carboxylic acid, sulfonic acid, alkoxyl, bipyridine,
phenanthroline, and B-dicarbonyl. It should be understood that the
composition of a first-type functional group in the functionalized polymer
may be identical to or different from the composition of another first-type
functional group in the same functionalized polymer.

30 The first-type functional group is attached to the conjugated
backbone with at least one first-type inert spacer group.

In the polymeric metallic complex, at least one metal ion or atom is
coordinated to a plurality of ligands, at least one of which is the first-type
functional group on the conjugated polymeric backbone. The nature of the

35 other ligands can, in some cases, affect the luminescence strength,
wavelength, efficiency and other properties of the electroluminescent
material. The other ligands are discussed in more detail below.




contain at |east one nitrogen, oxygen, phosphorus or sulfur atom Exanples
of suitable first-type functional groups include: carboxylic acid groups,

or the acwo 2e@la15028ul foni ¢ acid groups, or the acid sal PCTErSeeE2300 havi ng
an -COH noi ety, such as al koxyl and ghenoxyl prlnary, secondary and

tertiary am nes; Rrefafess @ﬁtﬁ'@lﬁf@dhﬁé nthanid¢e metalgr thei Geoupb? 849, di0ne and

phenant hr ol ipgt 1 RRENSIESH MRAAISC Bind S HBUPA2LAIY 13 REEIRS PARTIGRAMNY " eyanat es,

phosphi ne oxi des; f3-dicar nitryles and isonitri

i socyanat es,P %‘eﬁtﬁr %\I*’h@'fe %Wyé’Pﬂﬁﬂ ?th”btti?ﬂlb’é'” rBERILSY. TN - t ype 25
fﬁnct i oEaI | grsnupm anedigmr bmfmhl latiniih, ﬁauzlhcglog go&ﬁla%mmulgﬁ)éﬂa ,znrhﬂhpyrl di ne,
phenant heol i ou e understood that the

conposi tléon “@&tﬁ?fjﬁffsétddﬁfﬁp@%?ﬂﬁ&ﬂdo?{aﬁ“ﬂPoup in the functionalized pol yner
may be identical Raymericiniétal eamnplexesof tee prsposinventiomtaatet her first-type

functional gipsRel frohl EodBlifing UPfesPBRE k@gcgpgghyégg%ﬁ%rm 4f1Ead Lype

functional group Is at one Wt | east one
first-type iONErRrespeeEMeAlRAMPoYNd-he pol yneric metal lic conpl ex, at |east

one of i oh T R IS PARRER! 150 onal Br ol on’ L he "ga”dit ea o

pol yneri't backbon gﬁ’ c?ﬂ;é“\égg p&ﬁyf‘ﬂﬁféc §%m89ﬂ8‘33 ﬁ]agé‘ﬁ‘ﬁé'sﬁ sone cases,

affect the Ipne@erﬁsnmmlensilalndn@géneraﬂwiebemmmas ablingt oy o@hﬂjgagéwr
roperties um (A t lgands are

B obussed | DoMBEnebaghioRe FBE Ry, B Iy unbpldtBlns 53650

Preferred nélesty0fdirstdype inarhapacir greups.syherain eaduef the Myardty of0, and 11

transition rms&taty Be fw.ohaﬁgr%ggws dita il f?g afTBA& She ﬁ\%@ Jﬂuﬂaﬁ@) df ther ef erred

hodi i TIPS SPEESTAIRUP paPICHAIrEhYPEANert SERGRR GraRPR A BtAGNOGIAypst
preferred, ahe polynéricbaskdopkpand optiomsllyy(@s ai slurakityedf supopbayes of the
present i anj %#t g]l ﬁ@’ t&% obt ai ned from conbi ni ng at | east one
functional i 28 |(c)9 EE/ MPRith at 1east one precursor netal conpound. 1.
Functional i zed Pdihenwrmber aifarst-iypetfunctidnat gcoypsl iyrtbeifmatbmplimdjs that are
o) g A DR ER R PR )
gr oups; 2@c) QéOURﬁ’r uwAh qdetornainefthe s smawp'ému ﬁ@fﬂmg@éﬂ@%mejamm@ple @¢hein each of
the pluaritanfdunt of metal that can be coordinated to the functionalized polymer).
The functionalized polymer can also have second-type functional
groups. The second-type functional groups can be present to modify the
physical processing properties or the photophysical properties of the final
25 polymeric metal complex. Examples of groups which modify the
processing properties include plasticizing groups, such as alkylene oxide
groups, and reactive and/or crosslinkable groups, such as terminal vinyl
groups and epoxy groups. Examples of groups which modify the
photophysical properties include charge transport groups, such as
30 carbazole or oxadiazole groups. The second-type functional groups can
be covalently attached directly to the polymer backbone, or it can be
attached to second-type inert spacer groups, which is covalently attached
to the polymer backbone.
Both the first-type inert spacer groups and the second-type inert
35  spacer groups are spacer groups that are not conjugated with the
conjugated polymeric backbone. Preferably, the inert spacer groups do
not contain any atoms with pi electrons. Examples of useful inert spacer
groups include alkyl chains of from 1 through 12 carbon atoms, preferably
8




first-type functional groups is attached to at |east one of the plurality
of the 15 first-type spacer group, which first-type inert spacer groups are
att ached wo 200418551 yneri ¢ backbone; and optional ly (d) paTaiseaewlopicgo of
second-type functional groups. The nunber of first-type functional groups
in the functdbmeaidghzdd. Theliyenkspacds gloupb cancdso bentdissethehesbters t he "density

of functiongk; r ALY erm " ' I | f the netal
conpl ex (t naoShdH AR, imite, prfife i dicTorb Rt R proded it

funct i onal i AHgh@EPYREEP not exient the copivaatioe @f g palymerigrbagkbenade e

second- t ype thelelissita ceftc? 8Pthe iealcemqiext ype functional groups can be
b oporti ds of t it fuacloraizgdrReree mantantiB it soaet oves IER. of otps
wlhlkclh nodi f yare ftite pameesrdiffigrept inpedrhpesition frordeach Ié_ﬂ'fe'lE.Cill):f)ir@ﬁanp%!p& SECh as
a ene Ooxi | n £ crosslinkabl e ups, such as
ter ?1/1 nal vi r’g@?fur&t@ﬂ%EZeacﬂgg‘g%l%Eﬁ@Zﬁ%\gesﬁ{s%%%§%asce&gr%%w%% aﬂ{?%h nodi fy

t he phot oplepsipasitignsogiffencné foimeachiethenaVyleerersacopditypeodinest, such as 30
car bazol e or, ' r = ; ' can be
coval ent |y SPELerRtisard e ros iE S EORtdHRR PO SphEEF b REy

at t achedOt o bedbsrame pedifieeant iR gaawosiionfpam eashaihers apd\eare the firskt t ached
to the pol ynpse M&?ﬁtﬁé{gﬁmd&t&'@cﬁ inest sgacee ghdilfy s Hii2RAeH t8bRABsy and the
a

d- ) e, h t
conj ugat ed WoE trRstPedRGieR o, RuFI R SR SRe S A Ingd Sptehe 1 ner

spacer grougsouipis aitacheuitbaine @myosd second-typefunetional gooups. Hkdrepl es of
L hon opcnopSEBEBlour b R AL Kb PRl BB M BHAY 12,
The inell® sparetiongt gigupse dhisgiossibie thatithe samerspaser group maydwt her, ami de,
i mine, am n%onFenﬂ?Fb%hHQo 68154 FiFtaphé furthionbiGSupiid £ 468os-Bipes do not
extend the conj.u i on of the, pol ri.c backbone to_ the em ssive center of
the metal c¢ %#tp%_a §0HRe 'PW*?%%T‘HE‘Q@H’%’I ‘?ﬁFg'\'Of ¢ fiEedriYB®n i nert spacer
groups that furctivnialized groupas cdivhlieatig bound te ompdisitype ingrospgearh ot her. For
have compodSmictBRLineHi BE HEEhuBEy HENS bk bR RIRBR Rt " e
spacer g0oupes the suaibeo offirsttype, spdver geoumis-t:fpe i nert spacer groups may
Similarly, in another embodiment, each of the second-type
functionalized group is covalently bound to one second-type inert spacer
group such that the ratio number of the second-type functionalized group
to the number of second-type inert spacer group is 1:1.
25 It is further understood that the term “plurality of” component is
intended to encompass components of the same or different composition.
Therefore, for example, in one embodiment the functionalized polymer
may have first-type functional groups having the same composition from
each other, while in another embodiment the functionalized polymers may
30 have first-type functional groups having various compositions, which
results in polymer metal complexes having first-type functional group
having various compositions. The present invention further encompasses
second-type functional groups having identical and various compositions.
The functionalized polymer can be made by polymerizing
35 monomer(s) having the desired functional group(s) attached with a spacer
group, using conventional polymerization techniques. Alternatively, a
polymer can be formed having spacer groups that are covalently attached
to a first reactive group. The functional groups can be added to polymeric
9



10 be the sane or different in conposition fromeach other, and fromthe
first- type inert spacer groups. Each inert spacer group is attached to one
or nore Worsev/aiyes functional groups. Simlarly, each Perarsdomsyppssod nert
spacer group is attached to one or nore second-type functional groups. If
the spacer bgckbpnesbyreantings compound dabingdbe dlrstiongl mupdarcanor e t han
one 15 funcigees r@é(g%sgrohpw‘itﬁ th8 I)%ér ﬁé\ﬂﬁg&ﬁ@fi%@?@a&i@%‘@%u&m”p may be
covalently und to both a Tirst-type functional group and“a Second-type
functional gib@¥Fampie.hepmepUBHhavingdhe furclionabgralmand ar ecidy pe

functional i mbr@reo%@ubs:a@wh%téd/whﬁmﬁblmwmhfsipfa%br gdopsi digichegpacer
group, spch, that r

t N f th nb f f t-t f tionalized group
20 o tnd ninburl rEbeialieles 8oy P steinkage Hefyeeiig Spaeeranot her
embodi nent , geahand thé éurstionaldgroupe Alfenmativiety) dhé aeid griorige gRuposs epntjl y f
b dt = | t rati o nunber o
the second. CeoraneiarEh atdlilahaab o 59R S b rolBehitipe T ner
spacer gr oupei reagtet withs ajqompounghawving andwidsoxyb graupat Atvagetyesfm “pl ural ity
of COWPO”e”tsyhﬁweti'b%ﬁt‘é@eé?eté?/aﬁélﬂeWﬁ%o@é‘ﬁﬂ?&%%ﬁ?ﬁitér@ﬁjr ame or different

conpositjion. ™ Therefore, for examle, 1T one ¢ nent the functionalized
polrrsmer%bmay hav & oF ithe pPolypgtic Mg PBHR’G)EJF’&W@I%QHWW%@'%W conposi tion
from eﬁch omaheityoﬂhrislt—ts]gjenfumm:iufrrgr@ms)i@id&teﬁmmba byuRetrelanas i Z_efl_ pol y"ﬁ,[, S ]
may 30 have fi] .= nct i on d Vi g arious .conpositions, iC
re)s/ul ts in 8&4’@%?}1ﬁ&?”@‘%@ﬁ@gﬁﬂgg%&hﬁ%?@&%@&“Rﬁj%ﬁ‘isf'gﬂ%ﬁ gr oup

havi ng var i dunrctiopapowinomers) toThenpmesenot hawieg furctiohak groaps ¢monrpasses
second-type s ' Vi ident | : | > QRROSi tions.
The funch | ofrengPREnoies i Ut b pEfiorelire YA0 BERSERBRC” <) *havi ng
the desi? ed fYRglionabmenogiess be spn-dunciionalimanomers sgadw in the sapge abi ng

]g:onvegt ihonabbbut YU@:Oi(ﬁ@tﬁdPﬂfuP@ﬁd'rmh : 'Immétllsl)@cgloﬂtzg?ﬂ?l Yn g@ne%f,‘ﬂh@?irrg?n be
ornmed havi ng spacer_qrou are coval en . attache A

Fencti ve or QRPUERE melnCEs BOS et Foe st Orbia Mty o Vo

2004/ 015025 weightiUsasaB 602136 &flal weighbohthe gnlymeric histgl compleround havi ng t he
functional group and a second reactive group wth the polyner having the

first reactive group. For exanple, a conpound having the functional group
and an 4@idl. taligompaund reacted with a pol ymer with spacer

groups attached ThelgteBidbPIEtalldbMddRAS SHOWRRh Wil chOrdmAB t63h&T | 1 nkage

between t hefi?ﬁf%;‘?p?é functional group on the functionalized polymer and provide the
desired property(ies), luminescence and/or charge transport, in the final
polymeric-metal complex. The precursor metal compound can be a simple

25 metal salt, optionally in the presence of additional ligands, or it can be a
metal complex. In some cases the precursor metal complexes may be
present in more than one isomeric form, or mixtures of different complexes
may be present. It will be understood that the term “precursor metal
compound” is intended to encompass mixtures of compounds and/or

30 isomers. ltis also possible to use two or more different metals to
coordinate to the functionalized polymer.

Appropriate metal complexes include and metal/ligand
combinations which produce a high photoluminescent quantum yield,
preferably greater than 10%. Some typical examples include Al or Zn

35 complexes of quinolinato or polydentate Schiff base ligands. More
preferred, are metal/ligand combinations which also give rise to short-
lived, i.e., less than 10 microseconds, triplet excited states. Some
examples are noble metal complexes, such as Ir, Pt, Ru, Re, Os, or Au,
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group and the functional group. Alternatively, the acid chloride group can
be the functional group attached to a spacer group on a polynmer and can be
react ed woha/asrzgeound havi ng an hydroxyl group. A var iP€Tyusedo3/o23ente heti c
routes are available in the organic chemstry literature. 10 For the

pol ynmeri c mafithlcyclompdtalatedtigands ssurh dphempeyridioes, itives lighis] syclof

rononer 5" hatt RO, F pdRPnine. RERGE SUPE s dipheRaL oS arBidRf "
nmonormer s) t eartb moetalsssuntt as Eviang Tbmmcomtamatgqrowrbb a(:@tydﬁﬁettbrm’cet i onal

nononer s" UBrnt/é’t?h@é’rWs”Er In general, the ratio of first-type 15
functional nononers to non-functional nononers can be_in the range of

about 109: 0 (no nbA-FAlymeliematakenppexes of thegnyewrtiprowill be deseived ing he

anount of nedrls diifoliPReteSSHTBIIVE tyeb f nestalR: daninainkieeyiridiurh, t o 10% by
wei ght, based . on the tqtal wei ght of the polyneric net al corrpl ex. 20 I1.

Pr ecur sor Eaé W™y ecur sor netal  conpound is one which will
coordi nate tio LIdMarhdeMetahspe functional group on the functionalized

polyrer and, ProvidE phdmefIRbf S 0 AFHPHE LR O RRPRERAL of _char oe

transport in th recur sor
conpound camasal ia cgordjn@tegaoreétl%ast@aethgang q irorrhmm@pbemrﬁm of

ggggh 'r ggg' bk%@%wrfy%ﬁnmamn%h@wpgge ure U Mighhos h.r@@'gx@a§rer;“t2ef orm
or mxtures ww%%%é%%&&ﬁ 4b\gh§;ee|gné-ﬁ%rmq?@ Wi Xt Sbg Yuider st ood

tpat t he tgﬂnan@/wwmmmhémms 1,00 @nd'r ik 9; tridphiodphinedriexidenpass ni xt ur es

of conpoun S nor e

di fferent nﬁ?giﬂg l%cfm%@%minﬁi@%n [nOFlpﬁre %U‘&Qgﬁoﬁalér&%gm y)rgreSV\P ﬁspr opriate

met al cddpl @xesd irig O dis- ahdspinmabxidegﬁulfme&mmw@rmula XM sitovsn Bduce a hi gh

phot ol um ne q e typi cal
Cﬁf@ d?é4 ;;WFI&M §>§l coanTW @Ie E6RRIIYS YOVIE qf@anJlQWlﬂQr/Fo[ﬁRﬂ'E

exanples in qui ndl'i nat o or pal ydentate Schiff

base |igand W@W%M@HF%é p%@%’h’ftﬂ @X'ﬂPTF@’é'HU’Q:Nrﬂ%‘Cﬁ%‘-’( h@¥{9 whi ch al so

give rise tFoﬁhQreIXIX ishedn ih- F& ure BESmbRaimle naﬂhg%ers@maaxw pl et excited
states. Some, exa

| Ru, R
o an " SHOVE B Bisiine H@od %%P%ﬁ?%ﬁ S DL ed

i gands?_OsuWheas. phenyl pyridines, imne |ligands, such as bipyridine, or
phosphine 11 gandg, éH&%‘oﬁ‘?oirﬁMBB%M,‘ RRPSREHAE: and rare
Q2 is the same or different at each occurrence and is selected
from C6H5F5-s, and Cn(H+F)2n+1,
n is an integer from 1 through 12, and
25 s is 0 or an integer from 1 through 5,
in Formula XIII:
Z is selected from Q2 and pyridyl,
in each of Formulae XIV and XV:
LG is the same or different at each occurrence and is a linking
30 group selected from Cn(H+F)2n, arylene, cyclic heteroalkylene,
heteroarylene, alkyleneheteroarylene, ferrocenediyl, and
o-carboranediyl,
in Formula XIV:
r is the same or different at each occurrence and is 0 or 1,
35 xis 1or2, and
y is 1 or 2, with the provision that x +y = 3,
in each of Formulae XVI through XXI:
R1is as defined above,
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earth nmetals such as Eu and Th, in conbination with acetyl acetonate-
derived ligands. 5 The polyneric-netal conplexes of the invention wll be
descri bedwpDreoodasoes of four representative types of net CT/USke3tohsnd des,
iridium platinum and alumnum 1. Lanthanide Metals It is preferred

that, in the pokﬁﬁgfmﬁla'ﬁ%‘l corrpl ex, the lanthanide 10 netal is

COOI’dI nated t é@q [} seI% ngg_hiéom nonophosphi ne  oxi des

havi ng Fornul a X 1M ig QAN itegey ram4l. t 'phi ne di oxi des having

Formul a XI'V, shawnded @i, Qhéier‘f%ﬂﬁjrmsphlnléaﬁm& ligahd, isintesded ty is 1, and
ris 1, or where X I h xi de havi ng
Formul a X \We@hﬁ\}\'ﬂaf“i hﬁ”tﬁ’@r%‘%""w{? ggho%&}_lﬂe o&de &5@59 |l‘é]i%'ﬁld’ﬂe(P is 15 2,

and r i 5 Oshbmm-amtﬁ(mﬁ n'éheXemte“tﬂmmodeblnﬁmdﬁﬁ@ﬁﬂﬁuganws shovvn in

Fi gure 4; @p §Miloner For mul a
XVIIT, sho ﬁé@?gurwﬁgﬁosp é%"%ﬁ’me o)EBé oxl des oha ing Formula
XI X, shown phosphigersulfsie qumnwhaﬁﬁ?ﬂle ABRSRkN %S‘Iﬂa EgrQuRcie he r§Hlﬂ\ﬁﬁ in Figure
6, and a didyped1@vsyy Phé %rﬂ'“@/rﬁ?ﬁe NSd)mhgéthllgmten@ed t@fMeshare: in

each of Fornulae Al'l, "XV same f t each
occur r ence ligaadihaving 2 shibgfi UTer‘é‘i\’i/ﬁ ‘ﬁ@ﬁgtugeaea}%d'ﬁﬁmggdfnfﬁgqﬂ% t?s an integer
from 11phr opghtekd ﬂbéphlaé oxidespPridine Ahoxidetigdntendechtb meamadigasd i n
FormJIa X1l rmul ae XV
and Xv: LGhavi Q%gn%gﬁgs@'f) ﬁ% QM% aEﬂ%eac g%@'c"t]?rl\!eg)cdgj%anag}Ij o linking 30
group sel ected fExmanasIefs)lizableaﬂwwl’wspbqutgehléﬁaé\dédﬂ Yfghe,

het er oaryl ene, al kyl heshiae e/ tpfp@])d o- car bor anedi yl ,

| SRR hBSS /Hpfpd)

1 35k 1 or 2, addimhensprogphipomaYAREnFEGERRER THOE x &y = 3, in
each ofygFor mul ae XVl [Hppai@In (@henydhosphiasetisl)diphengtphosphine oxides
[dppeO]; (diphenyphosphinopropyl)diphenylphosphine
oxides [dpppOl; (diphenyphosphinobutyl)diphenylphosphine
oxides [dppbO]; bis(diphenylphosphinomethyl)
phenylphosphineoxide [bisdppmO}; and
20 bis(diphenylphosphinoethyl)phenylphosphine oxide
[bisdppeO].
Examples of suitable diphosphine dioxide ligands include:
bis(diphenylphosphino)methane dioxide [dppmOZ2];
1, 2-bis(diphenylphosphino)ethane dioxide [dppeO2];
25 1, 3-bis(diphenylphosphino)propane dioxide [dpppOZ2];
1, 4-bis(diphenylphosphino)butane dioxide [dppbOZ2];
1, 1’-bis(diphenylphosphino)ferrocene dioxide [dppFeO2];
1, 2-bis(di(pentafluorophenyl)phosphino)ethane dioxide
[F5dppeO2]; and
30 bis(diphenylphosphinoethyl)phenyl phosphine dioxides
[bisdppeO2].
where the plural term “oxides” is used to indicate that multiple isomers are
possible and may be present.
The oxides of monodentate phosphines, dioxides of bidentate
35 phosphines (except for dppfcO, and dppcbOz) and trioxides of tridentate
phosphines are generally prepared by the oxidation of the corresponding
phosphine with aqueous hydrogen peroxide in ethanol, as described in:
Ellermann, J.; Schirmacher, D. Chem. Ber. 1967, 100, 2220; Siegl, W. O.;
12



11 WD 2004/ 015025 PCT/ US2003/023690 in Formula XIX: mis O or an integer
from1l through 12. As used herein, the term "phosphine oxide Iigand" is

i nt ended WO 2008028 | i gand havi ng one or nore phosphi ne POXIU$2003/0236P6 ,
hereinafter 5 shown as "P(O". The term "bis-phosphi ne oxi de-sulfide

ligand" is Lapssresd.Uo Cslinan, J.IRIGndrd@hieny 197d, 70p2p68;nkindiedeE.gr oup and
her ei hat ¢ or BoSh 3 Hm- BpIBT2riB6Pane ). ThE RIHBBRUEbiGHE Kicitin'se
i nt ended t oalsearsed tolpreeare dppcby, hukiobidir atitasin éempaeaibest i t ut ed pyri di ne
N- oxi de fragment - ol R A HORIA L des AR l|8&ive S
I ntended to neanTgé:Bng%ﬁ%éﬁ@%n ng _oﬁ%}%%?ﬁgﬁgi?gg @_%ﬁ%ﬁéﬁ(glvgne
pyri di né N-Biapsalyzed iphesic aaarpbisoxisation;af die EORBRRYIIBYRIAREde | i gands
! gf' ﬁgﬁ ngﬁﬁ%ﬁg&t \'NHIF?r19%!1ﬂﬁjgﬁh?démbﬁ@hirﬂﬁe?ﬁeé&cbtdﬁalﬂli, as described
Edi Bhen§ghogg@rH§@Ph9szjg-p&@hWrﬁﬁ’&%?ﬁ'Hgggx?éggséﬁd&“ggo atent
E g! pﬂenypﬂosgﬂgwﬁ,rmm )(;lmi@h’ernl;étﬁlyasﬁbkmtiongadbs[%pmgga the
i phenyphosphi nobut i.pAenyl phosphi ne oxi des [dppbQ ;
bi s( di phenyp%rpﬂﬁ%?m%gréqqﬁﬁ% phenyl phosphi neoxi de [ bi sdppnQ; and 20
bi s( di pHenyl phos ffhe phesplyingsixide prshipsgsn be abiachrd 19 aipobppei® . Exanpl es of
bi s d pheny PApgrie S dvaHHr AR o iibable i the organic
2-bi s(di pheﬁgﬁlﬂ?iﬁi@dﬁ‘?r@&"@t hane dioxi de [dppe02]: 25 1,
3- Ei SE gi pEeny: pﬂ&ﬁﬁipl@@%b%m@w@ %ﬁﬂlgiﬂﬁl]ﬂb'e, bdit are not limited to:
4- bi s(di phenyl phosphi no) hut ane_di gxi de ppb02]; 1,
1' - bi s(di phenyl phosphP}ﬁ)&?‘?%?\EBé'é’ﬁ P}ﬂ{igxi de [dppFe02]; 1,
2- bi s( g pent af | uor opBayahppinidipaiNoxidei@hNpy@]oandie [ F5dppe02]; and 30

bi s(di phenyl phosphi noB&z@ﬁbﬂ’l@%Q@-{)&ﬂ%ﬁﬁﬂﬁWZ i oxi des [bi sdppe02]. where
'S use o i ndi

the plural term "oxides” caie that nultiple jsoners are
possi bl e and may SemeNexdde .Comwuadﬁ@&C@mmﬁﬁ@ﬂ%ﬁﬂﬁﬂ%mﬁh&tbﬁﬁf&ﬂ di oxi des

of bi dent at g¢ made by oxidizing a nitrogen containing ligand with oxidants such as,
for example, hydrogen peroxide.

20 The N-oxides can be attached to a polymeric backbone using
known synthetic techniques. In some cases it is possible to attach the
nitrogen-containing ligand and then oxidize.

Examples of suitable mono-imines include:

3-cyanopyridine [3-CNpy];
25 2-dimethylaminopyridine [2-dmapy];
isoquinoline [isoq];
4-tertbutyl-pyridine [4-tbpyl;
4-phenylpyridine [4-phpy]; and
2-(2-thienyl)pyridine [2-tpy].
30 Examples of suitable diimines include:
5,5'-bis(trifluoromethyl)-2, 2’-bipyridine [FMbipy];
4.4 -bis(2-trifluoromethylphenyl)-2,2’-bipyridine [2-FMPbipy];
4,4’-bis(3-trifluoromethylphenyl)-2,2’-bipyridine [3-FMPbipy];
and

35 bis(4-fluorophenyl)-2,2-bipyridine [FPbipy].

In some cases, the diimine and mono-imine ligands are
commercially available from, for example, Aldrich Chemical Company
(Milwaukee, WI). “FMbipy” can be prepared according to: Furue, Masaoki;
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35 phosphi nes (except for dppfcO and dppcb02), and trioxides of tridentate
phosphi nes are generally prepared by the oxidation of the correspondi ng
phosphi newai20bw/aszéous hydr ogen peroxi de in ethanol, asPdgdaseédsme3eon:

El l ermann, J.; Schirmacher, D. Chem Ber. 1967, 100, 2220; Siegl, W 0.; 12
WO 2004/ 01502&rupamal ) B2608010 236901, Tadaywstt;d\aiki, MasahiPol Kaengchd. P. | nor g.

Chem 1971, r e - 3261.
The hydrogen peroxﬁggrdaw 19 952 31 %Sg7%€ed%ﬂE§?X %3%@5%%5 but in
THE at r oomangnp&binyicen bﬁw‘ebﬁseqahb%ﬁuhléqmﬂbga aroording th anelagoNssi zed vi a
the sel ec“‘f‘f’éraﬁjrg TSGR YE RAInd iRNBahfraBea NieRIH.; BISUQQE' PRoasirIe

correspondi tate hosp vmt -d| noet ha

0" L Rar ! Bbvanaey: Hain: NiCeerames . v A5 Ghavm cien 1523, 110083 555"
5831; U. S I@Bgrg263919984 1999. Thi s Pd-cat aI yzed oxidation is al so
applied to the r n o fc h d b
altoltoalzhed to a poI qat?q:ve-(g 'bSHQ'B %ngl% @eg? escfﬂ{ %)élﬂp%ﬁ roup can oe
avai | abl e i ibet presenipasthe flrshtwes‘Ungtldnai graupuor theepalypless Tk sui tabl e

N-oxi de i

15”3 cyanopyeh .ﬁaﬁﬁkﬁgfﬂ*fﬁﬁhﬁfe%dg el bk Ohjed ﬁ%bﬁ?é%ﬁ"ﬁé‘“d’fb[%%]
Some N- dRi dAscwith thmathestiga r%nqgedwn s15a8. ecpne@eat §%para made by

oxi di zi ng ad?'aTsrtﬁgﬁhli‘sth;B@ finttibaal g,g,gp(bry\gh@"pdmhgants such as, for exanple,
hydr ogen per oxi del_ [\ OXI es ca m?_.rl c_backbone

using known synt m@tﬁg@nf’ genq{aggﬁ@vg Qé@u%t)q?g sﬁ‘%&’g‘ﬁ dIY'§ attach
the nitrogdhwiene aRmsrtgels!agzmdr diffdrérten each diczerrekoaniieeR gfoupsi t abl e
(- drapy] - PR Mioofa AR Rt p i nsinad A spppaigp ! & ne
4- phenyﬂ%yr |om|h¢éerp4y¢u¢mpr&rm OR2 @roups, ewiwya IScﬁlS1@e ied plyqve 30 Exanpl es
of suitable Aﬁjééﬁdﬁ'\ggf&}ﬁs% be joined to form five- and six-membered rings,
which can be substituted. Preferred ngroups are selected from H, F,
Cn(H+F)2n+1, -OCn(H+F)2n+1, -OCn(H+F)2n-, -CgHs, -C4H38, and
-C4H30, where n is an integer from 1 to 12, preferably from 1 to 6.
20 The B-enolate ligands are derived from B-dicarbony! parent ligand
compounds. Examples of suitable B-dicarbonyl parent ligand compounds,
include the compounds listed below. The abbreviation for the B-enolate
form is given below in brackets:
2,4-pentanedionate [acac];
25 1,3-diphenyl-1,3-propanedionate [DI];
2,2,6,6-tetramethyl-3,5-heptanedionate [TMH];
4,4 4-trifluoro-1-(2-thienyl)-1,3-butanedionate [TTFA];
7,7-dimethyl-1,1,1,2,2,3,3-heptafluoro-4,6-octanedionate [FOD];
1,1,1,3,5,5,5-heptafluoro-2,4-pentanedionate [F7acac];
30 1,1,1,5,5,5-hexaflouro-2,4-pentanedionate [F6acac]; and
1-phenyl-3-methyl-4-i-butyryl-pyrazolinonate [FMBP].

The B-dicarbonyl parent compounds are generally available
commercially. The parent compound of F7acac, 1,1,1,3,5,5,5-heptafluoro-
2,4-pentanedione, CF3C(O)CFHC(O)CF3 , can be prepared using a two-

35 step synthesis, based on the reaction of perfluoropentene-2 with
ammonia, followed by a hydrolysis step. This compound should be stored
and reacted under anyhydrous conditions as it is susceptible to hydrolysis.
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5,5 -bis(trifluoronethyl)-2, 2'-bipyridine [FMipy];

4,4 -bis(2-trifluoronethyl phenyl)-2,2"-bipyridine [2-FMbipy];

4, 4' - bi s(Wetwedfdisesomet hyl phenyl ) - 2, 2" - bi pyri di ne [ 3- FMPbIrfisspoo3/oarsdo 35
bi s(4-fluorophenyl)-2,2"-bipyridine [FPbipy]. In sone cases, the diinne
and nono-i B ngdljrgands are comercially available from for exanple,

Al drich Chém cal_ Conpany . (M| kee, FEMoi d
e RS iRes ol kst B M50,
Mar uyama, Kazdefohi pegunsor ifdidayerhpourtds whichMireadoimplexeshadng at M ki har u.

| norg. Cheg%?%tggz |giélljn%illj§) w@@ﬂ% séle,ctgd FNRPESMuI ae%()ﬁmﬂoﬁéh XX@d " FPbi py”

can be pre accordin 0 ana I'iterature

pr ocedu5es showmdini mguurea&rawbimml\ﬂ?cvnwlae WUSBFO@Q H, $howinpevenney,
Martin; gﬁ@r s K J. An Chem Soc. 1997, 119(35), 8253-8268. The
above- descrl ?I gan ey can be present as
the first-t3Le8 $iil2 SiMalZIELLLT-ASTct e L emai ni ng coordi nati on
sites are preferahnys ﬂ@%@‘brbﬁﬁér@nﬁmmmwm antﬂs%lautdadh t he ot her

| i gands, the (3- enlat or as the
first-type functi o E‘ bag:agﬁ"*ﬂ h@ﬂposﬁﬁﬁgbﬁ%ﬁ?@{ﬁf 'é”’l i gands general |y
have Fdgmul a XX | Q@M+Fp§nﬁl god ©CHLY ,\anadiadedt pairs loé REzean be jained er ent  at

each occurrence. Tlf'c?fm grﬂgg_lp(ir ?&%m%@gf ﬁ%t erohaI ogen, substituted or

unsubstituted al k cyclic¢ groups, or OR2

groups, where R2 Iaih%léamﬁ&!déﬁﬁf@ét at @@th@@?ﬂ"%‘ér%ﬂﬂp Qﬁpbe joined to

Lgrmfive- and Isix d?g?red rings, which can be substituted. Preferred
groups are se ecte rom 2n - OCn( H+F) 2n+1, - OCn( H+F) 2n-,

- CBH5, - CAH3S, anB is apinigger ’é‘r%ﬂ}{o\(’gﬁék ARt eger onm)l to 12, pr(ef er;bly

from1l4so 6. 20 Thds[3: @ranl @hd l'igands are der| ved from [ 3-di car bonyl

par ent Ilga d Iﬁj jponyl parent |igand

conmpounds, Sauasie 0 2207 evi at i on for the

[ 3-enol ate form Asls@ oeN Wel ow i n brackets: 2 4- pent anedi onate [acac]; 25

L f’hS: PheR¥t dach Qéﬁg@@ﬁ%@' ?g@g%f FBHhiila RXP11GrRt EGinhda XXXII:
E' through E* are the same or different and are N or CRO, with the

20 proviso that at least one E is N; and
RO is the same or different at each occurrence and is selected
from H, D, SRS, N(RD),, F, Cn(H+F)2n+1, OCn(H+F)2q+1, and
OCF.Y, or adjacent pairs of R6 can be joined to form a five- or
six-membered ring.

25 Ligand L having Formula XXIIl, shown in Figure 8, is derived from a
phenylpyridine compound. Ligand L having Formula XXIV, shown in
Figure 8, is derived from a phenyl-quinoline compound. Ligand L having
Formula XXV or Formula XXVI, shown in Figure 8, is derived from a
phenyl-isoquinoline compound. Ligand L having formula XXVII, shown in

30 Figure 8, is derived from a phenyl-diazine compound, or the analog with 2
or more nitrogens. In Formulae XXIIf through XXVII, it is preferred that
there is at least one substituent on one of the rings selected from F,
Cn(H+F)2n+1, and OCp(H+F)2n+1.

Ligand L having Formula XXVIII, shown in Figure 9, is derived from

35 a thienyl-pyridine (when A is S) or pyrrolyl-pyridine (when A is NR5)
compound. Ligand L having Formula XXIX, shown in Figure 9, is derived
from a thienyl- or a pyrrolyl-quinoline compound. Ligand L having Formula
XXX or Formula XXXI, shown in Figure 9, is derived from a thienyl- or a
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4-trifluoro-1-(2-thienyl)-1, 3-but anedi onate [ TTFA];
-dinmethyl-1,1,1, 2, 2, 3, 3-hept af | uor o- 4, 6- oct anedi onate [FOD ;

, 1, 1, 3, 5wbB,2bed1apizaf | uor o- 2, 4- pent anedi onat e [ F7acac]; ®0T/US2003/023690
,1,1,5,5, 5-hexaf |l ouro- 2, 4- pent anedi onate [ F6acac]; and

1- phenyl - 3- pytrolyll-isbquirmlingrodrpouralz dligarme AthevirgvBeimulaheXXIB-shiovar imony |

arent co . d | i t d
of F?acacfmi*@?%%ﬁifﬂg;ﬁﬁﬁﬁébé??‘ﬁ%'h%:a%?ﬁ’ﬂ;@!ﬂ‘?%%ﬁ%h%‘tnpéﬁﬁ%ﬁp%f@émz"c’»”pc‘é%,”
can be prepanapawithg er mare nigegensplrshatridar XX Wastbmough XKEIlr wheni on of

per 1 uor opent @NeR3, ithd brefemaditat ROLIQME Gt [BYorérdeds by 8l thest €p. This
conpound_shou| d_be store and reacted under ﬁn¥q¥drqus conditiops as it is
U

d d
suscept i Bl e SHBstyaPts g the thienyl eppYirRlY) %88 Y8 @lsorsEIted 2. I ri di um
The pol yner iigatthbRl iscan@asbone ibstituent oh wnenaftthe nitfeyan-editaiming made from

i # : ok |

P gand. L. FREs RO ERRERT BB Bt AIRAEORA T hr oagh 500 1 5 shown i n

Figure 8, and from Adhepareat kgand comnpoands) HOCEN gersraliynbé prefiirgdr e 9,

where: at e%g%té’ﬁ&éifdrﬁ?@ﬁidrﬁ‘-cawyz%fd ﬁ?ﬂg&#bﬁku?ﬁgdca[ %@Eégpgminﬁ%ghé R4 is the
a '

4, 4,
7,7
1
1

sane or different at "‘each occurrence and I's sele , CnH2n+1,
OR5, SR40 Nerepspomdinghetenoryeliciaryhignlaigs withyamargangharaniFasid o5 adj acent
pairs Ode]flfo@@éhc?ﬁa WedIEsh reb@ehaBdestiibéd i@ﬂoﬁéﬂ@n@l%ﬂ%@hééﬁg? RS Its the
sanme or different a ccurren | oL, . n+l. i s _an integer
From 1t hr olighiaveria,e Waikpael SGBh, 798, At Thisciacten s Miefeld) o any of
For mul ae XX¥brl 4 phbnggbquirfline in Bquatio (d) inRiguratl OpwhbreoBdds ence in any of
Formul a XXVIdIeggégagg(lgul a XXXI'l: E1 through E4 are the sanme or different
., WthH

and are N or the 20 proviso that at least one Eis N, and R6 is
the sandSor dif f é more prefered pecursekindisirasamplexisi arcirigdium diroes WithD, SRS,

N(RS) 2, F, %I:“t@f%?(%éndp?ﬂé'a‘hﬁb?@a‘rilbe@Mdic%%%rio@"ed&ﬂir@?ﬁaﬁnaai rs of R6

be joined t f -
can B 1 o N rmula II?, shown inolgigure 11, or the dihydroxo bridged dimer

having Formula XXXIV, shown in Figure 11, where:
in Formulae XXXIII and XXXIV:
20 ‘ L is the same or different at each occurrence and is selected
from Formulae XXII through XXVII, shown in Figure 8,
and Formulae XXVIII through XXXIl, shown in Figure 9,
as defined above, and
in Formula XXXIV:
25 R = H, CHg, or CoHs.
The dichloro bridged dimers having Formula XXXIII, can generally be
prepared by reacting iridium trichloride hydrate with the HL ligand
precursors, in a suitable solvent, such as 2-ethoxyethanol. This is
illustrated for a thienyl-pyridine ligand in Equation (2), shown in Figure 11.
30 The hydroxo bridged dimers having Formula XXXIV, can generally be
prepared by reacting iridium trichloride hydrate with the HL ligand
precursors, and then adding NaOH. These dicyclometalated complexes
can be isolated and (optionally) purified before further reaction.
3. Platinum
35 The polymeric-metal complexes with platinum metal are preferably
made from precursor platinum compounds which are complexes having at
least one ligand, L, which is selected from Formulae XXIII through XXVII,
shown in Figure 8, and from Formulae XXVIII through XXXXII, shown in
16




si x-menbered ring. 25 Ligand L having Fornmula XXIl1I, shown in Figure 8, is
derived froma phenyl pyridine conpound. Ligand L having Formula XXV,
shown i n wbizguwEs®35 i s derived froma phenyl - qui nol i ne @®cmrseed/o2isogand L
having Fornula XXV or Formula XXVI, shown in Figure 8, is derived froma
phenyl - i soquhigwki%) escdegeoibed .abovgaddhelpreferratgpfecunsdrapladivinh cosipiedn i n 30
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pyrrolyl 5p_yrﬂr%ﬂ’ﬁ‘f§d _ @ﬁ‘cﬁ']_"g Q?ENPS'}“ d'@gﬁlﬂgﬁr’/ﬂ{h {hegﬁgdlgﬁnﬂﬂ‘??ﬂfs &rkul a XXI X,
shown i 3 F:_ wmtg%ll_e s6lvent, lsgeld asrdmnfbberhiér%;tyﬂ 2-e‘|ﬂ1io>@emférfcﬂ>,|hi]9||théwl ng! i ne 5
conpound. Ligan vi ng . For.nu nul.a shown in Figure 9,
o ter | ved TOTHNER Gl A SR dhions salb s BrraEe M aR B 3600
pyrrol yl -i sehidridel i Trds ioilpsnated withyathiehylkeyridine FgamdiinsEgdédian, (33hown i n
Figure 9, i I f athhi -dlazi d, or the
anal og Wth%gggn I}r‘mr ur%i. r'oyé%sbﬁ%%d Egﬂﬂf’?g@&%ﬁ g?ﬁ?’%ﬂgﬂaw when A
i s NR5, 10t i(eptipnally} padfiedhheforg fyrthermgactian.i s preferred that all the 5
substi tuent ¢ Afurhling hi enyl or pyrrolyl ring are Hor D. It is also

preferred tha ere is at |east one substituent on one of .the,.
P E ogen. cont af niTGETA g cUEIaE A WB ML AP POiTReES SATD eSS M ARing ) 2n 1.
The parent |4 malideatatp @onifEbasé ligarmh Hehifrsey dre congmaneld thatyarst andar d
pal | adi umc | ; - '
cor r espondi ﬂntr@%ertf-agfb(}lgé’yéﬁﬁ%e@%a}{éﬂé‘%ﬁ@g%@é@mvﬁ%ﬁ%boofl%hgzrjl%tggggtnoﬁg acid or
or ganomi§nedleliiativeaged @, primadeydinesddy ehooging vasiewpiferent nalremines
For ' phenylTCEHIUEP Y KK, Lis posshlo 18 Rl o O o 1 e
def i ned aboﬁqlﬁgg“%ﬂp%?i@nlﬁ' Bedt B%@&@Sgsﬁﬂ%gﬁ%@’%% igandss an iridium
ﬂi nmer w tF h Ftdlnmula Xx§<(FW|I |sh9ﬂmdn ngmmhsiawbmﬁrﬁ@erdfsﬁmwu’gmg)%ﬁqd%edddg_rrer
aving For a shown. i n Figure Qr .t i [ ri dged di ner

navi ng For miFLUsAdEY b A Hin Tgab@H fvice Bl e Sk, Ak, 17 ang
XXXI V- 20 aryl; R8 and R® represent substituents on the phenyl group of the

salicylaldehyde reactant, which can be alkyl or aryl groups. Examples of

suitable Schiff base ligands are given in Table 1 below.

Table 1
Ligand Al R8 RY
1-a 1,2-phenyl 3, 5-di-t-butyl 3, 5-di-t-butyl
1-b Cis-1,2- 3, 5-di-t-butyl 3, 5-di-t-butyl
cyclohexyl
1-c Trans-1,2- 3, 5-di-t-butyl 3, 5-di-t-butyl
cyclohexyl

25
One useful precursor aluminum complex can be made by the
addition of one molar equivalent of triethylaluminum to the Schiff base
compound in hexane or toluene solvent. This forms the ethyl aluminum
Schiff base complex.
30 [ll. Polymeric-Metal Complexes
The polymeric-metal complexes are generally prepared by adding a
precursor metal compound to a functionalized polymer to which it will
17




20 L is the sane or different at each occurrence and is selected from
Formulae XXI Il through XXVII, shown in Figure 8 and Fornul ae XXVII|I

t hr ough lebmmm in Figure 9, as defined above, anacCirrusea@smedeao ) O Xl V:
25 R7 = H, CH3, or C2H5. The dichloro bridged dinmers having Formula XXVII1I,
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chloride sa tRQ? redtt%}%wg)i nngwﬁh%duglﬁhgflll%éeﬁ@?hgg is illustrated
with a thienyl-pyridi ne ligand in Equation (3), shown in Figure 12. The
bri dged5sdi chl oro conpl exes can be isolated and 10 (optionally) purified
before furthememedcti on. 4. Alum num Preferred precursor alum num
conpounds are conpl exes including a nulfi-d&béalte-1Schiff base |igand.
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Either method may ble used to append any metal-to-ligand charge transfer

20  (MLCT) emitters (including Re-,Ru-, and Os-diimine and Rh-, Ir-, Pd-, and
Pt-phenylpyridyl complexes), any intraligand charge transfer emitter
complexes (including Al and Zn Schiff base complexes), or any lanthanide
(atomic) emitter complexes (including Eu acetylacetonate complexes).
For example, the polymer-bound Lewis base could either be directly

25 attached to the metal or be attached via an acceptor functionality
appended from a bipyridyl or phenylpyridyl ligand.

This can be illustrated more specifically with the class of
[Re(CO)3(2,2-bipyridyl)L] emitters. A polymer-bound arylsulfonate
functionality can be directly coordinated to Re using Method A.

30 Alternatively, Method B can be used to condense a polymer-bound
hydroxyethyl functionality with a 2,2’-bipyridyl derivative that has a
carboxylic acid functionality appended from a pyridyl carbon atom. The
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andal dehydes or ketones, it is possible to generate a wi de array of

mul tidentate anionic |igands. A preferred class of Schiff base |igands
Formul a XX®&\ossheees in Figure 13, where Al represents aPoOTIu$gooig2z3poup
derived fromthe poly-am ne reactant, which can be al kyl, cycloal kyl, or 20

aryl; R8 andx&& réa@trcﬁﬁ@csndummrywm theospddific mbtaridls gsenumro@eméml

Sal |yt 2l o IR s T SR e b 8o B BB R, 25,1
R8 RO 1-a bf 20pt@oyles8, Thedeattitnuprddugis Sanlthan bairgdovetedbyi s- 1, 2- 3,

o-di-t- bmy%sta%’da? g{)}ﬁ/%ﬁ‘é&%&&%ﬁﬁﬁﬁf% ion FOCEEIGF% 1,2- 3, 5-di-t-butyl 3,

5-di -t-but pre ursor um num conpl ex can be
nmade by 5he addThecnelwnerdm@nmlaﬂrade@qmnm@rﬁarb@emera&v ko IPaeRAEARY t 0 t he

Schi ff basethéaamaﬁ@f s.mmémétm 84ltd, SR 28 thelhuRté or Abe&td Qélltﬁi tohe et hyl

al um num Schj e. Co Th
pol yneri c- n@?lé[l’“%’é%ﬂ d M&v%ﬁwa&@@ﬁéﬂt%%ﬁ&&m@ %%fecu(rasor
rzngg 2} Oclzggggugcbr; Uggohmectgdédémaﬂ-bxm gﬁﬂﬁmﬁ‘fe liganalsi c3olvéntaisulch Bs V\]P

4
functional i 2& egll'r}SISP ﬁgﬁ % @Z“S%%H%%? ’%‘ﬂe%?ﬂ‘é“‘]}z %&ﬁ@%kéé ?Fﬁpﬁplrggu(r)sor met al
conpountOt olaréhamideslwmvtﬁ ~dicanzonyismean bg@slded tomodume@rhaamgdmnmenat ed to a
single funcy MBth@%uBglé’d@{?s éh F\FHIln@P(ﬂ'rb‘?pﬁ Bgfg%gﬁme SHidé

metal -1i gan precur a po ymer | c I nvol ves two
di fferent aﬁﬁ?@'&@ﬁb@muBét(PfN Ci'ﬁ@aﬁel‘% a poI ymer derivative that

contains a Lew Sm@%lyrﬁémtridﬁmwariw Ié?ﬁ)ummmim@ﬁeé ard imespr i mary pol yner

h backbo be b h
Flrst-type CaREnianty Srepatii il B %ésﬁ%%ﬁmeéé'“%mﬁéﬁﬁwﬁam XV, thus
maki ng 15 aoer(Qbmhdl polyrhersWitmBtditanonykiupctionality.n@hisds ilkystrates! fowi t h

addi ti onal ;nquﬂﬁl g(lnﬂélex iﬁ"th‘?fa'f’i?ﬁ éxg%ﬁ{owrﬂ VFF@tﬁfe Ba. SHRBROD VALt NE

pol ymer fun&iona at a proxinal site on a
ligand (L") lsv@nydeg)ea eahgtrarethe nature of the solvent. In THF it requxres

several days; in dichloromethane, several hours.
The polymeric aluminum complexes are conveniently prepared
20 from the ethyl aluminum Schiff base precursor complex and an acidic
functionalized polymer. This is illustrated in the reaction scheme shown
as Equation (5) in Figure 15.

In this reaction scheme, Q4H represents the polymer functionalized

with a carboxylic or sulfonic acid group. As the ethyl complex reacts with
25 the acid functionality, ethane is evolved and the conjugate base of the
polymeric acid (@4) becomes bonded to the aluminum.

The polymeric metal complexes of the invention can generally be
coated from conventional solvents. The solvent used will depend on the
nature of the polymeric backbone. For polyfluorene backbones, solvents

30 such as tetrahydrofuran, toluene, chlorobenzene, chloroform, and
methylene chloride, can be used.

In one embodiment, preferred polymeric backbones are
polyfluorenes. Copolymers of fluorene type monomers can generally be
prepared by three known synthetic routes. In the first synthetic method, as

35 described in Yamamoto, Progress in Polymer Science, Vol. 17, p 1153
(1992), the dihalo, preferably dibromo, derivatives of the monomeric units
‘are reacted with a stoichiometric amount of a zerovalent nickel compound,
such as bis(1,5-cyclooctadiene)nickel(0). In the second method, as
19



of the primary coordination sphere (wth additional |igands, Ln). 15 Method
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The polymeric metal complex of the mven?lon is useful as a
luminescent material, because, the charge transport and processing
properties of conjugated polymers are combined with the luminescent

20 efficiency and color of metal complex emitters.

The luminescent material of the invention contains at least one
polymeric metal complex composition described above. The luminescent
material may exhibit photoluminescence, where the luminescence results
from the application of visible, infrared, or ultraviolet radiation, usually

25 ultraviolet. Alternatively, the luminescent material may exhibit
electroluminescense, where the luminescence results from the application
of an electric field. In yet another embodiment, the luminescent material
may exhibit both electroluminescence and photoluminescence.

In the polymeric metal complexes of the invention, the electronic

30 properties of the metal complex moiety are not coupled with the
conjugated polymeric backbone because of the first-type inert spacer
group. The luminescent properties of the polymeric metal complex are
therefore primarily governed by the choice of the metal and the
coordinated ligands. In the polymeric metal complex, it is preferred that

35 from about 0.1% to about 20% of the monomeric units have a metal
attached; more preferably about 0.5-10%. It is possible to combine more
than one type of metal precursor complex with a functionalized polymer
resulting in emission of more than one color. However, it is preferred to

20



functional groups; or N-oxide functional groups. The polyneric iridiumand
pl ati num conpl exes are nost conveniently prepared fromthe precursor netal
di mers, Paormd4asogsl, XIV, 15 or XV, and pol ynmers w t hPCIAS2@a0kssoy |
functionality. This is illustrated for an iridiumconplex in Equation (4)
shown in Fi g@nebing a Sihglertgpe bf metalgirecuriser cempledepitntrenfunctionaliZzeel nat ur e of
the solvent yymdHE it requires several days; in dichloronethane, several
hours. The &ol@nner'i ¢ .al um num conpl exes are conveniently prepared 20 from
the ethyl alMlniEleerepigiDavieasse precursor conpl ex and an acidic

functionalized patysRénic Hevicesofithd Prddent Rvehfloh Bfe B8R iP8xmBREM™ Shown
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h k t het.j tes. In the first t het i t hod,
55 Hescr i bed St RNERs ERroop LEDSMPesnykdevaaddiianal BE. ranepos 1155
(1992), t he aidreleciropirahsparblayeds. bAdypicaldstructas is showh it éguvent8reri c units
t ed 1wt h Ghi ' I ickel d,
Slch o bi s( Hecdefos 100 P ardde BURH 90 Sha GRABINRAY 1807 00 2o ™o Wo

2004/ 014025 Auifzvantio 3 enede & anjeptienaldayard 200sampasing hole Fanspart of
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magnesi um CSIESE R G 4 Behseen th EBrR 16t bletBnb enidied e
descri bdd i in e diredionssndieateddy, theratrgub| Thehelgctrons and holes combine

in the light-emitting layer to form an excited state, sometimes called an

exciton. It is from the excitons that photons 160 are emitted. The exciton

can also decay via non-radiative processes. This is known as quenching.

The polymeric metal complexes of the invention
25  are particularly useful as the active material in the emitting layer of an

OLED.

Where the emitting layer includes the polymeric metal complex,
additional materials can be present in the emitting layer with the
polymeric-metal complex. For example, a luminescent dye may be

30 present to alter the color of emission.

The polymeric metal complex may also be useful as a charge
transportmaterial. The charge transport materials can be hole transport
materials or electron transport materials. Here, hole transport material is
defined as material that can receive a positive charge and move it through

35 the thickness of the material with relatively high efficiency and small loss.
Electron transport material is defined as material that can receive a
negative charge and move it through the thickness of the material with
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PCT application WD 00/53565, a dihalo derivative of one nononeric unit is
reacted wwth a derivative of another nononeric unit having two reactive 10
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| um nescence results fromthe application of an electric field. In yet
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of the invention, the electron) 30 operti of the, nme conpl ex noi ety
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first-type iTeohnokRgc EourthrEditton, Mok, 18, 1837c860, 1996p by tY. 4¥ang. Both pol ymeric
and the- bodilf KEreadihgafibBoties %ﬁ&%@ﬁ%ﬁ%@%&ﬁ%ﬁﬂ%@ foed g T
preferrd8 t Hale gansporingtoalecoles aye: N, Nisbipherndd, bi-bisié-nethyipbeny!)}uni t s have
more than E!ﬁ@“?g“p“e [ B R (ORI Lol Myarhirid POSS i zed
pol ymer  r edhernyligyslehemnes(TaP s Nk reis{raietavieherysN NEigrer . it i s
preferred t cethﬂahml?&Pﬂﬂ-@waﬁﬁeﬂmy&ﬁ?&%l@%@iaﬁnns@BDPD?, tetrakisge type of
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20 diphenylaminostyrene (TPS), p-(diethylamino)benzaldehyde
diphenylhydrazone (DEH), triphenylamine (TPA), bis[4-(N,N-
diethylamino)-2-methylphenyl}j(4-methylphenyl)methane (MPMP),
1-phenyl-3-[p-(diethylamino)styryl]-5-[p-(diethylamino)phenyl] pyrazoline
(PPR or DEASP), 1,2-trans-bis(9H-carbazol-9-yl)cyclobutane (DCZB),
25 N,N,N’,N’-tetrakis(4-methylphenyl)-(1,1’-biphenyl)-4,4’-diamine (TTB), and
porphyrinic compounds, such as copper phthalocyanine. Commonly used
hole transporting polymers are polyvinylcarbazole (PVK),
(phenylmethyl)polysilane, poly(3,4-ethylenedioxythiophene) (PEDOT), and
polyaniline (PANI). It is also possible to obtain hole transporting polymers
30 by doping hole transporting molecules such as those mentioned above
into polymers such as polystyrene and polycarbonate.
Other examples of suitable electron transport materials (for optional’
layer 140) include metal chelated oxinoid compounds, such as
tris(8-hydroxyquinolato)aluminum (Alq3); phenanthroline-based
35 compounds, such as 2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline
(DDPA) or 4,7-diphenyl-1,10-phenanthroline (DPA); and azole compounds
such as 2-(4-biphenylyl)-5-(4-t-butylphenyl)-1,3,4-oxadiazole (PBD), 4,4'-
N,N’-dicarbazole biphenyl (BCP), and 3-(4-biphenylyl)-4-phenyl-5-(4-t-
22



El ectroni c devices of the present invention are useful to exhibit 5
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al so be usehiahsparcht (IaNSN thd GBRSRAS ﬁalt@ obdigeghar ge transport
mat eri al s can or e ectron transport mat eri al s.

ol e fransport r
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the Group 2 (alkaline earth) metals, the Group 12 metals, the lanthanides,
and the actinides. Materials such as aluminum, indium, calcium, barium,
and magnesium, as well as combinations, can be used. Li-containing
compounds can also be deposited between the organic layer and the
25 cathode layer to lower the operating voltage.

Although the functional layers 110 through 150 have each been
shown as a single layer in Figure 16, it is possible to have multiple layers
of the same or different materials for any or all of these.

The OLED can be prepared by sequentially depositing the

30 individual layers on a suitable substrate. Substrates such as glass and
polymeric films can be used. The organic 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, 500-5000 A, preferably 1000-2000 A;

35 optional hole transport layer 120,50-3000 A, preferably600-2000 A; light-
emitting layer 130, 10-1000 A, preferably 100-800 A; optional electron
transport layer 140, 50-1000 A, preferably 200-800 A; cathode 150,
200-10000 A, preferably 300-5000 A. The location of the electron-hole
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relatively high efficiency and small |oss. Some materials can transport
both el ectrons and holes and are nore flexible to use. To achi eve high
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| ayer 126, raue ef layantiRinessas sl degend on dae exactaaturecpiivermaietials opedi a of
Chem cal Teglagol ogy, Fourth Edition, Vol. 18, p. 837-860, 1996, by Y.

Wang. Both hole transportin ecyl es an ol yners can, be used. Conmonly
used 15 hol e traﬁE'EWieFﬂo%l%é%&i“@§#§i@?cy& evides mads with the
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et hyl phédfy| cathgdes-queh3as Gi,anBahWIL)' bapbernded: Shapeati subsiat¢Eardnovel
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a-epLgn;/ls-g- -Igdh?ggﬁél p g%%%ér\}njs E@t%‘??{é’%ﬁ’ %+@@%b§z§%§m@r§%%ﬁnzal dehyde
di pheny! hydriagrease apepipm efficianay\ara Alsraptisaple. prdgiiopy] IRyers @y |

an no) - 2- metdisd b adyéd (¢ tamer itye BReryyl 1evais brase (AR layers and facilitate .

1- phenyl - 3- -étdl et |’|1%/e| am no)styryl]-5-[p-(d iethylam no)phenyl] pyrazoline
(PPR or DEA%I?'S AOUIBINESERICE; s (9H- car bazol - 9-yl ) cycl obut ane (DCZB), 25

N, N, N, ’6-t et r aki s(4- net hyl phenyl ) BEXAMPLES henyl ) -4, 4' -di ami ne (TTB), and

porphyri ni ¢ combeyadBioRiEfbrmaabRiuall BalahXehiss aftTEahisgUsed  Nol e

transporting polyners are-p nylcar K), )
(phenyl et hﬂf)tfpﬁ)pwenbmpng@n-y(iawa& InferdrdiicoRy illisbptieaef thepEDOT) ,  and
pol yani | i ne jt\2Nbh; blitndtdinditisg. AATErédtagss aRd By Weighteuhlicdd DRsrivided

pol yners 30 .by. dopi ng hol e transporting nol ecules such as those mentioned
above into"b%? rs such as polystyrene and pol ycarbonate. O her exanpl es

of suitadle el ectron transEXAMPAEEt (RicphetioExapiplonal © | ayer 140) include
T Ch e ot o0 ke RERR A Res S bytob o Gobhdiaiseg not at ) af um num
2, 9- di net hylconjupatichpelyyierl, 10- phenant hrol i ne ( DDPA)
or4, 7-di phenyl - 1 AlfiGtBREFRSABAE! Wl BPBfdlpardd By 3884HorFONP agHo-
fluorene with a bromoalkanol, having a protected alcohol group (-OX1).
25 The alcohol group will be protected by any of the standard techniques
know to those skilled in the art. The protecting group X1 can be, for
example, a pyranyl ether (-OTHP, where THP is tetrahydropyran) or a
silylether (-OSiR3, where R is a bulky alkyl group such as t-butyl or i-
propyl).
30 As shown in Equation 6 below, in a first step, 3,6-dibromo fluorene
is reacted with 6-bromohexanol protected with THP under phase transfer
conditions using sodium hydroxide base to give a hexyl alcohol derivatized
fluorene monomer. [n a second step, the initial product will be reacted

with excess alkyl iodide, also under phase transfer conditions.
35
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such as 2-(4-biphenylyl)-5-(4-t-butyl phenyl)-1, 3, 4-oxadi azole (PBD), 4,4'-
N, N - di car bazol e bi phenyl (BCP), and 3-(4-biphenylyl)-4-phenyl-5-(4-t 22 WO
2004/ 015026 2paT18B2003/ 023690 but yl phenyl ) -1, 2, 4-tri azeCe/uSta)23chayer 140
can function both to facilitate electron transport, and al so serve as a
buffer |ayer or conffkneftent |ayer to prevent quenching of the exciton at
layer interfaces. Preffrably, this layer promptes electron mobility and
reduces exciton quepehi™g. The other layers in the OLED can be_gsel ected
from any naterj areNxnown t o, be use}ﬂ?\kg/sﬁbhvba?ekg// e anode
110, is an el &g 3 at is oartlcuTarIy Befficient for i njecting positive
charge carriers can e pade of, for exanple materials containing a

al | oy, p{al oxide or m xed-netal oxide, or it can be
a conducti ng”polymer. 10 SuitabBe netals include the Goup 11 netals, the
metals in Goups 4, 5, and 6, and the C?oups 8-10 transition netals, as
shown on the periodic table of ele nt éfm&e sﬁﬁm gat) If the

anode is to be light- transmtting, 112k )sw]glph ARG 2, 3, 4,
13 and 14 netals, such as indiumtin oxl3 s1Sor a conducting polyner, such

as polyaniline, can be 15 used. At |e€'ast one of the anode and cat hode
shoul d be at least partially transparent to allow the generated light to
be observed. The cat hoge 156 s an electrode that is particularly
efficient for injectiny g negative charge carriers. The cat hode
can be any netal or n ower work function than the anode.
Materials 20 for be sel ecte®fromal kali netals of Goup 1
(e.g., Li, Cs), line earth) netals, the Goup 12 netals,
t he | ant hani des, Material s such as al um num indi um
cal cium barium )= mras wel | as conbi nations, can be used.

Li - cont ai ni ng ; £onpounds can al so™ye deposited between the organic |ayer
and the 25 cathode | ayer to | ower the operating voltage. Although the
functional layers 110 through 150 (Bt been shown as a single |ayer
in Figure 16, it is possible to ha | e layers of the sane or

di fferent nwhere R is ahaalkygyoup havingdror Het§e12 GHEeODADNSan be prepared by

seguent igl |y depgfisthbfomBewilBfennst M®I9H@n|zbdmdér Qtﬁan@!aﬁd&bﬁ?}lh@mubst rate.
Cayer s can BURGIRDLE raReRdsABrpREUBtens oEr oo o El ¢ able sol vent s,
usi ng any conventndsainert conditions, DMF (5 mi) WI|| be added to a 50 ml
Schlenck tube equipped with a stirring bar and containing bis(1,5-
cyclooctadiene)nickel(0) (5 mmol), 2,2’-bipyridyl (5 mmol), and 1,5~
10  cyclooctadiene (5 mmol). The ensuing deep blue/purple solution will be
stirred at 60 °C for 30 minutes, and then a solution of the hexyl alcohol
derivatized fluorene monomer prepared above (0.25 mmol) and bis-9-(2-
ethylhexyl)-dibromofluorene (2.25 mmol) in toluene (20 ml) will be added
via syringe. The reaction mixture then will be stirred at 75 °C for 1 day.
15  The mixture will be cooled to room temperature and precipitated into a
solution of methanol (100 mi), acetone (100 ml) and concentrated
hydrochloric acid (5 mi). The alcohol protecting group will be removed by
reaction with the acid. After stirring for 2 hours, the mixture will be filtered.
The solid residue will be then dissolved in chloroform, and again
20 precipitated into a solution of methanol (100 ml), acetone (100 ml) and
concentrated hydrochloric acid (5 ml). After stirring for 1 hour, the mixture
will be filtered. Finally the residue will be successively washed with
methanol, water and methanol and dried in vacuo. The resulting polymer

gob
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coating technique. In general, the different |ayers will have the foll ow ng
range of thicknesses: anode 110, 500-5000 A, preferably 1000-2000 A; 35
opti onal Wol2eosansport |ayer 120, 50-3000 A, preferabl y®Q@AR@3/023690 i ght -
emtting layer 130, 10-1000 A, preferably 100-800 A, optional electron
transport | &p8iaining 1080 of Gpeatuniis bearing thye BEYy a0dha] fuoatibadity 1hén

200- 10000 Ailppeficsiaflyy 5 Tl Al e electron-hole 23 WO
70041 015025 b8 EIABLAn, ?%@?rﬂ)wra%#g@hg@%eg%cﬁ%?he device, and thus
the enissi oft tpackiale unter agidic sendiians bedisliling: outethynoh eThefinali ve

thi ckness ofsotatetl dowraér atfhisssthfe will RbG& 8RS §emébral Ftﬁ)réleéﬁhfic%a%ranspo”

| ayer shoul d, be chasen e electron-hole reconbination zone is in
t he |igﬂ?-eﬁF?WPdB%%QVH%RX#RQMJ%QPWéd 5 ratio of layer thicknesses will
depend on the exact nature of the materials wused. It is understood that
the efficiency of devices made with the polyneric-netal conpl exes of the

i nvention, can be furyther inproved by optim zing the other layers in the
devi ce. For exanple,{(nore efflcient 10 cathodes such as Ca, Ba or Li can be
used. Shaped substrates andsnovel hole transport materials _that result in
a reduction in operati/ng vohtage or increase quantumefficiency are al so
applicable. Additional\I|ayers can also be added to taid or the energy

| evel s of the varieus |Laye and facilitate electrglum neseermsg, 15
EXAVMPLES The fo]l owhg/ exanpl\es il lustrate certaid featurg¢s andCdvant ages
of the present ynventioN. /They are\intgnded %o Mbe illu§trathye of the

i nvention, but /not Iin1t|! g. All pdrcgntages xe by wei ght, ufl ess

ot herwi se i nd] cajgd—¢ HAVPRE 1 '74'- § PRITPRG i s exanple
illustrates the f ’ Nanct i ¢ dd  fonjugated polymer. A
fl uorene nononer W he pre ed bylrk on oi\a diprofo- fluorene with a

br onoal kanol , ha¥i ng~a protected al tqhol —group (-OR 5 The al cohol
group will be frotected by any of t/he\ standard techni qugs know to those
skilled in the art. The protectinggrdup X1 can be, for 1 exanpl e, a pyranyl
ether (-OTHP, where THP is tetrahydropyran) or a silyfether (-0S R3, where
Ris a bul ky al kyl group such as t-butyl or i-

Formula XXXVII
10
EXAMPLE 2
15 This example illustrates the preparation of the hydroxo dimer,
[IrOH{2-(2,4-difluoro-phenyl)-isoquinoline}s],, as a precursor iridium

complex.

1-(2.4-difluoro-phenyl)-isoquinoline:

20 2,4-difluorophenylboronic acid (Aldrich Chemical Co., 13.8 g, 87.4
mmol), 1-chloroisoquinoline (Adrich Chemical Co., 13 g, 79.4 mmol),
tetrakistriphenylphosphine palladium(0) (Aldrich, 3.00 g, 2.59 mmol),
potassium carbonate (EM Science, 24.2 g, 175 mmol), water (300 mL),
and dimethoxyethane (Aldrich, 300 mL) were allowed to stir at reflux for 20

25 hunder N,, after which time the mixture was cooled to room temperature
and the organic and aqueous layers were separated. The aqueous layer
was extracted with 3 X 150 mL of diethyl ether, and the combined organic
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propyl). 30 As shown in Equation 6 below, in a first step, 3,6-dibrono
fluorene 1is reacted with 6-bronohexanol protected with THP under phase
transf er woanditis@ss usi ng sodi um hydroxi de base to gi veca/useooglozzbeohol
derivatized fluorene nononer. In a second step, the initial product wll

be r2 Zaf/\;) egofmctlhnsém@ﬂn/éggﬂh %c;lg%glésgué@téCfilt@i’étﬁrari@hhéﬁllﬂ'étéﬁﬁé§; Klg?ﬂi ti ?RS
35 Wi
phase t rans%éégé%%%‘? % cElﬁr&eéggJ e'#,aéma&eﬁﬁn)a?qﬂrgﬂh%%ggea transfer
tcat fil|2ysi sbRs\hce>gel loILBnn En;stdly eiutlﬁg\th@cataR/atbyamohuk:kwithglrbup haVIE‘II:]gSI ;(r)urjnarld
0 car bo

condi tions he %QQ%IC ex ptddélcgrom%? gB@nrgéﬁ Fw-pratl o of

1: 9. Under i(%&Q. c@mup an %Nﬁ hempure progluct fsstigas were @o&ecsed @nd Schl enck
tuble equi gp@ﬁewmngauéttbréﬂgﬁ@Wa;rgquh/(,qgara@émyIBEj)Qif@(@h@ ellow salid, 10
el Soc 2 SEBVT BB s sk 088 GG K B M o o |

3“ rred at d@ﬂ-lgdjmt 59 Hn)nﬂ895(1Hadet=h@Q lz)s 3l6T-7 85 (BH, H%?MYBSN gOh0|
erivatize K S -

et hyl hexy) AN A ?g@(@‘)g’@%'z Wﬁﬁéﬂﬂ%%ed%ék%w% be added

via syrfi ge109tﬂa1 (lradrslon! 08.&7 (itle, d,hew 58.6IHA)e stirred at 75 C for 1 day.
15 The mixture will be cooled to roomtenperature and precipitated into a

sol ution of 100 m) and concentrated
hydr ochl ori & Qhldereet{ i ng group will be renoved by

reaction with the mpitdre é‘ffltcelg er (54% It (35002mb(,9ur-§2 4IdTRJdrb>ﬁHer hwi |l be
;b;lt ﬁr ed. -lrs%qumollne from éiéjoevew( 10 mg)t \Pvgper%ssﬂ ch%@ygtrh%gf m and
15 (20 mL) will be vigorously stirred under reflux for 4.5 hours. After a
solution of NaOH (2.3 g) in water (5 mL) will be added, followed by 20 mL
of water, the mixture will be stirred under reflux for 2 hours. The mixture
will be cooled down to room temperature, diluted with 50 mL of water, and
filtered. The solid will be vigorously stirred under reflux with 30 mL of
20 1,2-dichloroethane and aqueous NaOH (2.2 g in 8 mL of water) for
6 hours. The organic solvent will be evaporated from the mixture to leave
a suspension of a red solid in the aqueous phase. The red solid will be
separated by filtration, thoroughly washed with water, and dried under

vacuum to produce the iridium hydroxo dimer.
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20 precipitated into a solution of methanol (100 ml), acetone (100 m ) and
concentrated hydrochloric acid (5 m). After stirring for 1 hour, the
m xture WwDl2bodnasd25l tered. Finally the residue will be Poraseaizweicyo washed
with nmethanol, water and nethanol and dried in vacuo. The resulting

pol ymer 25 WD 2004/ 015025 E@(M.ﬁg@@ﬁ(p}ggﬁ&% Egmbfg')ni ng 10% of repeat units
beari ng the hexyl al cohol be |so &’ﬁed and

It
transesterified By Sho¥eip %'PH a I OB?EW‘C&\{?A&”O%%@Y%{?@ der aci dic
condi ti OP|S f#rid:tlé?ér\lﬂgrbug ofthie e(bli]agalﬂed p'Btyanér)r&flthe irkblimtredroxo dimeer at t Ih|I S
ave the gener
el ow |0 1 PRSTRIA ek Tonh ERSRBE 2 it B8 kol el Bt RopifHo e (e
pr epar at5 oncanﬁ;ughtedﬁ;adchmcalldedpplymer from Example 1. Excess sodium
[Irod2-(2, ?ar%'gkg@fvﬂrtp@ﬁaﬁéa h?‘ﬂ‘i’é’hﬁﬁm@@i}h@ég ana%ﬁ'n%oeﬁ)‘r”ﬁﬁq{odré' di um

conpl ex. or O- i soqul nol | ne:

E]

2, 4-di f| uorupﬂ@wtr@geanme é@liugom mllhbemom%ﬁ@w@et evapprated 1087 4 mol ),
éL tChl (IerIt so;y#\,g%i 50R %ﬁu&%rﬁ%’mn% eﬂ@acted%xﬂansT\gbl wl’tﬁﬁhéthylgene N
etrakistri enpspl D L Mo

pot assi um c kigy ﬁtﬁ“@lﬁw ne\ﬁ‘@geqbg"%\)@pg&a;gd W@Iqr'ecﬁﬁt@?ld%ggo nL), and
di met hony et Hesieed & fdnctionali2éd polymenier matdriabwinicht willhé a rad emdtteux f or 20 25

h under N2, after which tine the m xture was cooled to roomtenperature
and the organic and aqueous |ayers were separated. The aqueous |ayer was

extracted w tWﬁégﬁl’M di et et and the conbiped organic 26 WO
2004/ 015025 PCT/ US2003/ 023690 frActifors vveregdri ed odi u ul fate,
filtered, and the fé§ltrate wa qred el crude“materi al
was chromat ograpiéd on a silica \ge |
byproduct wi th 4101 hexanes/ CH2Cl 3 Lnal Iiy t he 4 was eluted with
CH2Cl 2/ MeOH 5 (9.5:U°5, product Rf

collected and dried in vacuo, to afford 17.7 g (92% i sol ated yield) of a
light yellow solid, >95% pure NMR spectroscopy. 1H NVR (CDClI 3, 296 K, 300

MHz): 6 8.61
F O |’O§
r\ __,')
SUA

CH3

Equation 7

EXAMPLE 4
15 This example illustrates the preparation of a platinum precursor
complex, shown in Formula XXXVIII below:

@
Z N\Pt /Cl

Formula XXXVIH

28



(1H d, J =57H), 7.89 (1 H d, J=28.2Hz), 7.67-7.85 (3H, m,
7.52-7.63 (2H, m, 6.95-7.12 (2H, m ppm 19F NVMR (CDCl 3, 296K, 282 MHz) b
10 109. 0WOQI2po4/das®p, -109.87 (IF, d, JF_F =8.5 Hz). [ PCT/US2003/023690

roH{ 1- (2, 4-di fluoro-phen | -i sogui nol i ne}212: A m xture of Ird 3-nH20 (54%
lr; 500 ng) 1- ﬂ—riﬂ éraméthybpbe inolisequi nol i ne, from above, (800 ny),

Under 1 oflux f or ﬁ%%@%@é%??ermﬁ {6 %r@%éd%daa%ﬂ%@?s&%ﬁwe@{'eir??,
m-) will basingsdrifliyaspmetiedphgnyimoronic agidwat er, the mixture will be

stirred U”dEtGIg¥4lﬁ|ffu%rror%e renviliSodliinbkHedr,: Wi | | be cool ed down to room
t enper at iltered. The sqglid will be

Vi gor ousgy St rr@d&u_ﬁﬂ éworpmqthyépwrwvﬁa@eqwoanefr@rnabow & Bareenane and
agueous NaOI;dle(tmuzn(ql)bnloﬁnd@(mfenm@h@ﬁﬁcaﬂ@resQrhmpanﬁy@rogégam c solvent will

aqueous. phadaratiiliarfollyfh thErbe (EREECkaLaRen; 1 Poaleemmtir ought y
washed wi t h andtahiorobedzené ¢aldrici)ewill beaallowed o mfludmxmﬂet h&rogandounﬁhydr FXO

di e

Ao shoun | n oGt W find tHE SR BhBhitdied Wrodyl vibgiible oy P one”
group of Ot h@ltfﬁiﬁljnugasééd wtfym@ibarm anekdried b ‘(ﬁﬁuwm 6ﬁ©l‘d:l|ih|¢6168"'§decur sor

conpl ex from@wmsear{zowwﬂltebﬁm@l ssol ved in THE containing the 5 conjugated
functionalized pol ymer from pl_e carbonate wll be

added and the m xture stirr ! Hogf s under nitrogen. The
solution will be Gmmhamoaad emiwadmtt (wraﬂuncﬁ:bml grou e theecenjagated resi due,

P 1| SBBHLABE B RO l A B S B e, 201

wll be the ra &aP @y
pol yrer 12 nﬂt\wihhﬂ dlamlaad\mnﬁ méxtiarer efR-ethicxyethanpl:ediohiorobErgen® + 1/2 F Ir

Ir 2 01 Fcgptditii§HRe cohjudatedfunttiofalizeb%olymer from Example 1. Excess
sodium carbonate will be added and the mixture stirred and heated to
reflux for 24 hours under nitrogen. The solution will be cooled and solvent
evaporated to leave a solid residue, which will be extracted extensively

20  with methylene chloride. This solution then will be evaporated and dried to
yield the desired Pt functionalized polymeric material which will be a red
emitter.

EXAMPLE 6 (Prophetic Example)
This example illustrates the formation of thin film OLED devices.

25 A substrate of indium tin oxide (ITO) on glass will be used, having
an ITO thickness of about 1000 to 1500 A. The HT layer will be spin-
coated onto the ITO substrate. The HT layer will be PEDOT (Baytron® P
from Bayer, Germany) at a thickness 0f2000 A. The polymeric metal
complex (200 mg) will be dissolved in 10 mL toluene (0.5-2.0% w/v),

30 filtered through a 0.45 micron filter, and spin-coated to a thickness of 500-
1000A. For the cathode, Ba and Al layers will be vapor deposited on top
of the EL layers under a vacuum of 1 x 10-6 torr. The final thickness of
the Ba layer will be 30 A, the thickness of the Al layer will be 3000 A.
Device performance will be tested inside a dry box using a calibrated Si

35 photodiode.
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JJ O\ \' Il (CH3 2 Equation 7 EXAMPLE 4 15 This exanple illustrates the
preparation of a platinum precursor conplex, shown in Fornmula XXXVIII

bel ow. N W0)2804/@TFR5For mul a XXXVI || 28 WO 2004/ 015025 PCPLCUSBe@3/00353690
1-(4-trifluoronethyl-phenyl)-isoquinoline: This was nmade according to the
procedure described in Exanple 2, gxamELE7trifluoronet hyl phenyl boronic

e e
pl ati nun( | | fraH1o@-et-HidyI-pheiipisoqainsling):R, asmal precarsoy didius

tetrabutyl ammoni um chloride (Aldrich Chemical Co., 171 ng, 0.62 nmol), and

chl orobenze%nelﬁ?(drl ch) will be allowed to reflux under nitrogen for 15

hour s, _eﬁ‘te1-(mr¢4but\ilmimem\ﬂ)eisoasimdimetg precipitated product will be isol ated
oy 10 fritratl ong uppisfoibivbamhiangd (Alﬁﬁeh‘t‘Hé?ﬁlcgf‘CkSa‘B‘@O gt 90.86f ord the

desired product as het | | e) One

hal f of an @{umoby tehlqrpispavingine hdichehapiea! Ge é&rﬂt?(?a R Mgl lymer) of
the plati nw&.@krslfm\'@ H&r hmeeﬁélraﬁﬂfmgnl(fmomchf somnEgmgenmaﬁ 4 will be

di ssolved in m xt di chl t

the conj ugaP%téS?'HHbF?r F?Qﬁfezﬁéwﬁﬁ I Or%%&@ ggl 3Imm "

(2:Zr Eonat(la vamnd dimeethdsipethane (Aldrichi X5 mLQ vmereralmdvelhm) $tiratt eefflixdfor 26f | ux f or
ours un r o I

evapor at ed ﬁgjhpgl' blé %oWﬂgﬁ}@g% tﬁel ik e\kaQSP@QQ tS%Qﬁdt ?@Jﬁ EXEEI’ISI vely 20

with met hyl angthshorganizandaioyeeus layeenwerrseRamatedd ha agipaiisdayeind dried to

yield the d\‘?«éé%?(ﬁaaedf\}v'?ﬂ?%')@'%'mz%@dié%)él[@rﬁércaﬁBttﬁ‘é cambifecEbrganld be a red

o hmt | on FBEUANS WeTaARENG S s sutad, e ahd s Bl RA R t | n*ox de
(1 TO orb gl esporiatdd foedryress. Tvérade material was chromatographed on a
silica gel column, first by eluting the catalyst byproduct with 4:1
hexanes/dichloromethane, and finally the product was eluted with
dichloromethane/MeOH (9.5:0.5, product Rt = 0.7). The pure product
fractions were collected and dried in vacuo, to afford 4.5 g (56% isolated

20 vyield) of a light yellow solid, >95% pure NMR spectroscopy. "H NMR
(CDCls, 296 K, 300 MHz): 5 = 8.58 (1H, d, J =5.70 Hz), 8.15 (1H,d, J =
8.5 Hz), 7.83 (1H, d, J = 8.5 Hz), 7.5-7.7 (7H, m), 1.38 (9H, s) ppm.
IrCl{1-(4-t-Bu-phenyl)-isoguinoline},] »:

1-(4-t-Bu-phenyl)-isoquinoline from above (1.00 g, 3.82 mmol),

25  IrCl3(H20)s (Strem Chemicals, 633 mg, 1.79 mmol), and 2-ethoxyethanol
(Aldrich Chemical Co., 40 mL) were allowed to stir at reflux for 15 h, after
which time the mixture was poured into an equal volume of water. The
resulting orange precipitate was isolated by filtration, washed with water,

‘ and allowed to dry in vacuo. Then the solid was re-dissolved in

30 dichloromethane and passed through a silica gel pad. The red eluted
dichloromethane solution was evaporated to dryness, and the resulting
solid was suspended in hexanes. The solid was isolated by filtration to
afford 650 mg (49%) of a red-orange solid, >95% pure by NMR
spectroscopy. H NMR (CD2Cl,, 296 K, 300 MHz): 6 = 9.37 (4H, d, J=6.5

35 Hz), 8.95 (4H, d, J = 8.2 Hz), 8.07 (4H, d, J = 8.5 Hz), 7.90 (4H, dd, J= 1.4
and 8.2 Hz), 7.7-7.9 (8H, m), 6.94 (4H, dd, J = 2.0 and 8.4 Hz), 6.86 (4H,
d, J=6.4Hz), 592 4 H, d, J=2.0 Hz), 0.81 (36H, s) ppm.
[[rOH{1-(4-tert-butyl-phenyl)-isoquinoline}zla:
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an I TO t hi ckness of about 1000 to 1500 A. The HT layer will be spin- coated
onto the 1 TO substrate. The HT layer will be PEDOT (Baytron(r) P from

Bayer, Gawoangdoi1ai2sa thi ckness of 2000 A. The pol yneri ¢ meraiS2oosonbex (200
ng) will be dissolved in 10 nL tol uene (0.5-2.0%wv), 30 filtered t hr ough

a '?h4g i (ér on I:II A qundatb'&tcﬁﬁlﬂasl%@\fé%dr@%@mﬁthl[?’CD{GS(SL@H- Fp Hé]@@)él_ FOF t he
cat hode, Ba.an €nosi he ayers
under a vacd%ﬂﬂu('.)qc’l'lnezﬂ%{;s%gmp p&emﬂﬁf{%rglanqqsﬁ E%E@ﬂ(%% Q)H@“@; | ayer \)//VI |

be 30 A; thd25 hildkfodissedfbyt B mill of elhexyethbholbel 130 axtare wbe\stiredper f or mance

il be test di ode. 29 WO
5004/ 015025 “pie) BRTaF 3 3ok nk TRy B35St w3 RRIPC. OFD.

pr epar at Pon dewnt legopyitesseeraturer diluted with 100 mL of water and filtered. The
[1rOH{1-(4- ts%na umétw@or@h@@yétwréosm%mehum}tﬂ]z% nﬁsoﬁﬂ DIRE6 R di um

compl ex. 5 4- tert- - ert hen | bor oni ¢
acid (A dri @W GHBIGOLS Qé ( Ef{%@' 28 Ewaiﬁfﬁfﬂr)e hqur@hlllﬂ'?%? noI i ne
(Adrich Chersop@int Gas, e\@péﬂatgd f&ﬂnﬁ@e mixtlide to leave @ksuﬁprensmrtyflaobmwhl ne

5ai ence. 12 58 i s aycll BRasc? e Sl os SBBHEREA BT ARAREDC: Panc
(Al drichp 75h<m1o).lgblkyrmaﬁ16d)wﬂh wajes tand ditedr widarvacunm2® produneler N2, after
whi ch time t’?@l—%ﬁ‘fé@-par at;ﬂ%‘?’)y@qsé |ﬁ&§i@é§]f59%ré’éd{fr%d <ond ﬁh@g%\ngan' ¢ and

aqueous Iay rs que ayer was. extr cte th 3 X 75
mL of di eth 9%vield), and the conbi ned organic fractions were dried with

sodium sul fate, fil tered and the fEXAVPRLE 8vas 15 evaporat ed to dryness.

The crude rraterl was_chr omat .o ﬁgon el .c first by

el uting the catal ﬂst eﬁ?/'ﬁp[?d'ﬂﬂ ﬂr%@ﬁhgl Ofm%'gi?éﬁ@s?@?@% MﬁbF%RE and

final | y16he qoneeited tovafuedtionatized pblyntirchl or omet hane/ MeCH (9. 5: 0. 5, product
Rf =0.7). %&@gﬁoduct fractions were collected and dried in vacuo,
to afford 4. *sol ated 20 yield) of a light yellow solid, >95% pure
NMR spectroscopy. 1H NVR (CDCI 3, 296 K, 300 MHz): b =8.58 (1 H d, J =
5.70 Hz), 8.15 (1 H d, J = 8.5 Hz), 7.83 (1 H d, J =8.5H), 7.5-7.7
(7H, m, 1.38 ( S m |Ird{1l-(4-t-Bu-phenyl)-isoquinoline}21 2

1- (4-t-Bu- pHas i S B i ne from above (1.00 g, 3.82 mmvl),

20 ‘ 35 mol%

Sl
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25 [rC13(H20)3 (Strem Chem cals, 633 ng, 1.79 mmol ), and 2- et hoxyet hanol
(Aldrich Chemcal Co., 40 nmL) were allowed to stir at reflux for 15 h,
after whwolzoed/ar8025he m xture was poured into an equal ‘olrarseoosfozzeae er. The
resulting orange precipitate was isolated by filtration, washed with water,
and allowed to cuo. Then the solid was re-dissolved in 30

di chl or onet ha d through a silica gel pad. The red el uted

di chl or onet hane solMiti on was evaporated to dryness, and the resulting
solid was suspended\ n hexanes. The solid was isolated by filtration to
afford 650 ng (49% of a red-orange solid, >95% pure by NMR spectroscopy.
1H NWR (CD2Cl 2, 29 N 300 MHz): b = 9.37 (4H, d, J =C®@/e 35 Hz), 8.95
(4H, d, J =8.2 Hz), 8\07 (4H, d, J =8.5 Hz), 7.90 (44, dd, J = 1.4 and
8.2 Hz), 7.7-7.9 (8H, m|, 6.94 (4H, dd, J = 2.0 and @ Hz), 6.86 (4H, d,
J =6.4 Hz), 5.92 (4 J = 2.0 Hz), 0.81 (36HBrs)~ppar [ I r OHf
1-(4-tert-butyl - phenyl )-| soqw nol i ne}212 30 WO 2004/ 015025

PCT/ US2003/ 02369@0 olund- bott om f | ask was char ged Swidi%
[IrC{1-(4-tert-butyl-phenyl) isoquinoline}2]2 (2.18 g, 1.46 mol) from
above, NgOH (2.18 g) in water (25 nL), followed by 25 nL of ethoxyethanol.
The m xture %@s sti?_rred under reflux for 2 hours. The resulting brown
suspensi on d 5 down to roomtenperature, diluted with 100 nL of
water and fil ter éﬂ]deTﬁraaertsohdidioma,sDMFg@rml)sNa}s atlded &da Suldenckdbibex with 46

nours. The A eRBTRARY bBALRE LonbRfG (st Brddodiahefiop B0 Tor ©
suspensi on df) é @61)%6 06onmel). 2, zf’(épﬁqi)'é&l%ﬁﬁh@e% mieoly,Andil.eas separ at ed

DAL oty g sy L
?2. 108 g, t"@é&l@%’éé g”%ﬁrysb r@g@g althﬁglar%ﬁ‘étéoq %ea ?Fﬁt mati on of

a pol yner vvrmclhnrnam 2vB-ditkbroe Bebit € d- éthyléhé)@]t)GQH-tﬂnafeﬁEE(ﬂ).@m yre.05
Comononers: 1 BnBL sedOnd MmN -bkd[7-bromo-9,9-bis-(2-ethyl-hexyl)-9H-
fluoren-2-yl]-[1,3,4]oxadiazole (1.206 g, 1.20 mmol) a third monomer, 2,7-
15 dichloro-9-(3,7-dimethyl-octyl)-9H-carbazole (0.217 g, 0.60 mmol) and a
forth monomer, 3,5-dibromo-benzoic acid methyl ester (0.044 g, 0.15
mmol) in toluene (25 ml) was added via syringe. The reaction mixture was
then stirred at 75 °C for 24 h. The mixture was cooled to room temperature
and precipitated into a solution of methanol (100 ml), acetone (100 ml) and
20  concentrated hydrochloric acid (5 ml). After stirring for 2 hours, the mixture
was filtered. The solid residue was then dissolved in chloroform, and again
precipitated into a solution of methanol (100 ml), acetone (100 ml) and
concentrated hydrochloric acid (5 ml). After stirring for 1 hour, the mixture
was filtered. The solid was again dissolved in chloroform and precipitated
25 in pure methanol. Finally the residue was successively washed with
methanol, water and methanol and dried in vacuo.
EXAMPLE 9
This example illustrates the formation of a polymeric metal complex
of the invention. '
30
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Br / Br 40 nmol % 25 31 WD 2004/ 015025 PCT/ US2003/023690 CI CI N COOwe Br
Br 20 mol %5 nol % 5 Polynmer A Under inert conditions, DVMF (6 m) was
added t o wOSotwasek tube equipped with a stirring bar acd/usesBALIONg

bi s(1, 5-cycl ooct adi ene) nickel (0) (1.667 g, 6.06 nmmol), 2,2'-bipyridyl

(0.947 g, 6 dne (0.656 g, 6.06 mMmml). The
ensui ng deep“pl ue/ ppfpl € 2y stiryed at 60 C for 30 mnutes, and
t hen a sol ut '

2, 7- di br onp- 979t bifs 1.05 mmol), a
second nononer, CO,Me

fluoren-2-yl V-3, Yl oxady B 5 % \ [ | norrer, 2,7
15 di chl or o-! ! G227 ¢ e
forth nononer, 3 5-di brorm benzoic acid net hyI este?’I (0. 044 g70.08. 15 mmol)
in toluene (25 mM) was added vi ap&yker Rge. The reaction m xture was then

stirred at 75 C for 24 h. The m xture was cooled to omtenperature and
precipitated into a solution of mnethanol (100 m), acetone (100 m) and 20

concentrated hydrochloric acid (5 m). stirrifQg for 2 hours, the
m xture was filtered. The solid regHp en di/ssol ved in chloroform
and again precipitated into a sol ut|o¢\ of rreth nol (100 m ), acetone (100

After stirring for 1 hour,
di%ﬁﬁlved i n chl orof orm and
Qst,0le was successively

d in vacuo. EXAMPLE 9
méric metal conplex of the

m ) and concentrated hydrochloric acid (5 m
the m xture was filtered. The solid whs /ggay
precipitated 25 in pure methanol. Fina

washed with nethanol, water and net hapho
This exanple illustrates the formation|o
i nvention. 30

Y
Polymeric Metal Complex

Sodium hydride (0.002 g, 0.08 mmol) was suspended in anhydrous
THF (50 mL), followed by addition of Polymer A from Example 8 (0.250 g,
containing 0.023 mmol of ester functionality) and 3-ethyl-heptan-2-one
(0.5 mL). The reaction was then allowed to reflux under nitrogen for 96 h.
5  The resulting viscous orange mixture was cooled to room temperature,
quenched with 10 mL H20 and extracted in CHCIl; (2x20 mL). The
volatiles were evaporated to give a yellow solid, which was dissolved in
CHCI3 (50 mL) and H20 (25 mL). The H,0 layer was neutralized with 1%
HCI and then the layers were separated. The organic layer was washed

10 with 10% NaHCO3 (2x20 mL) and evaporated to dryness. The resulting
functionalized polymer, which was an acetylacetonate-containing polymer,
was purified by precipitation from MeOH/acetone (50/50, 100 mL) to give a
pale-yellow solid (0.238 g). Anal. Calcd: C, 86.33; H, 9.65; N, 2.56.
Found: C, 83.15; H, 9.29; N, 2.46.

15 The above acetylacetonate-containing polymer (0.150 g) and
[IrOH{1-(4-tert-butyl-phenyl)-isoquinoline},], from Example 7 (0.010 g,
0.007 mmol) were placed in a 100 mL round-bottom flask under nitrogen.
Dry THF (45 mL) was added and the mixture was refluxed for 24 h. The
resulting dark-red solution was diluted with THF (100 mL) and filtered

20 through silica. The evaporation of the solvent yielded a red solid (0 135
33
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0.05 Polymer AO NaHNOH Ir ~ NI 2 2 Polyneric Metal Conplex Sodium
hydri de (WOQ0®/g5028. 08 Mol ) was suspended i n anhydr ous PCTHE2¢3023R) ,

foll owed by addition of Polynmer A from Exanple 8 (0.250 g, containing

0. 023 mmol o) éalr CaledcCi 8448; H;)0.361dN,32.64ly] 1. BEptRound: 82.d04+5 nL). The
reaction wasg boen alsgoped dgo reflux under nitrogen for 96 h. 5 The

resul ting viscous oranhgé m xture was cooled to roomtenperature, quenched
with 10 nL H20 and extracted in CHCI3 (2x20 nlL). The volatiles were
evaporated to give a yellow solid, which was dissolved in CHC 3 (50 nli)
and H20 ¢25 nL). The H20O | ayer was neutralized with 1 % HC and then the

| ayers re separated. The organic | ayer was washed 10 with 10% NaHCCO3
(2x20 nL) and evaporated to dryness. The resulting functionalized pol yner,
whi ch was an acetyl acet onat e-contai ni ng polyner, was purified by
precipitation from MeOH acetone (50/50, 1,00 nL) to give a pale-yellow
solid (0.238 g). Anal. Calcd: C, 86.33; H 9.65; N, 2.56. Found: C, 83.15;
H 9.29; N, 2.46. 15 The above acetyl acet onate-contai ni ng polyner (0.150 g)
and [IrOH1-(4-tert-butyl-phenyl)-isoquinoline}2]2 fromExanple 7 (0.010
g, 0.007 mol) were placed in a 100 nL round-bottom fl ask under nitrogen.
Dry THE (45 nL) was added and the mi xture was refluxed for 24 h. The
resulting dark-red solution was diluted with THE (100 nL) and filtered 20
t hrough silica. The evaporation of the solvent yielded a red solid (0.135
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WD 2004/ 015025 PCT/ US2003/ 023690 g). Anal. Calcd: C, 84.98; H 9.36; N,
2.64; Ir, 1.65. Found: C, 82.81; H 8.99; N, 2.59; Ir, 1.88. 5 34 WO
2004/ 015026 2PaM018B2003/ 023690 CLAIMS What is cl ai ned PET/US2008/0pssby neri c
nmetal conpl ex conposition conprising (a) a conjugated polyneric backbone;
(b) a plurality of a first-type funcOL#MS 5 groups; and (c) a plurality

of first-typ groups, wherein: each of the plurality of
first-type f%ﬁﬁﬁ%kgﬁﬂggggups is covalently bound to at |east one of the

plurality of fi rsﬂ t&w@wfh@m(t msatalceamples ¢osposfiionhcormprising {gpe i nert spacer
groups are %{éﬁb Bé’cl@ﬂ&‘?nep?c%)?’é;ﬁu'réilty Bfélfﬁé’t’\gﬁe@u%tl%ﬂaﬁt least a

ortion qf eac t ral 1ty of uncti groups is
EOOI’dI nated 9@”@? Ef @t) adﬂBrar%)f af "’SQtypﬁHBeﬁcﬁ?ﬁ@@r gr%l.wsOwh@r%nm 1, further

conprising (d) ae;zldhr(fflthéplm‘élnyscﬁqii)ﬂdybéméﬂéhétgf;@ﬁu@s i§ cBVRBNtI- The

conposi tion of i.p a 0 luralit

se(r:n;nd type qwgﬁoc?ﬁg?asépgﬁp@[tﬁg i‘%‘ﬁ éﬁtﬁrgﬁl\m% lnggpaqeg'aggpu% '6'? a
plurality offirsielypadaary ppaceraroupp ace cogalenths bowid thtrecpaipehetigpe i nert
spacer groups ah8n&oy ently bound to the pol yneric backbone. 4. The
corrp05|t|on9§3f E’:ﬁal 'm 3, wherein at |east one of the plurality of the
first-tyBe inert djRrRs 2 REGAP ST each 198 thepluralilypbfiistitype functiondleast 20 one

of the_pl ur alrbisys B cddh@inaRSPRlaf 148G oiefierapacer groups. 5. The conposi ti on

f d 4, where east .one allt of first-type functional
groupgI |ms covaleen#1 Scﬁﬂ‘f'ap‘?%t'%oﬂ;?r"ﬁn 153 gaer ‘Eﬂ%ﬁ'ﬁs'ngﬁﬁap@@ ity of

coval ent| y segodditypeafurictiensl grapsf the second-t yp]tca I Enct ional groups. 25
i rlt“et§°2p?ﬁ'e§'t°3§p2§e?c%' R flemrd b o et R A PRt ona
gr oups Bs Plurality of segon funaﬁlnnatgrcuasm GQvaAhlethmund focatrlaastonsf t he
nunber of iﬁ%\%]drathi&p@f ééb%rnﬁ -§P8 %Rt 8pAEIyrblps NeniBHEREonGyRERRRAC- t yPe
functional gr grov lently bound to the polymeric backbone.
pac r groups are cova ently poly c
4. The composition of Claim 3, wherein at least one of the plurality
of the first-type inert spacer groups is the same composition as at least
20  one of the plurality of the second-type inert spacer groups.
5. The composition of Claim 4, wherein at least one of the plurality
of first-type functional groups is covalently bound to an inert spacer group
that is also covalently bound to at least one of the second-type functional
groups.
25 6. The composition of Claim 1, wherein the ratio of the number of
first-type inert spacer groups to the number of first-type functional groups
is 1:1.
7. The composition of Claim 3, wherein the ratio of the number of
second-type inert spacer groups to the number of second-type functional
30 groupsis 1:1.
8. The composition of Claim 1, wherein the conjugated polymeric
backbone has at least one recurring monomeric unit selected from
fluorenediyls, phenylenes, phenylenevinylenes, oxadiazolediyls,
thiophenediyls, and arylaminediyls.
35 9. The composition of Claim 1, wherein the conjugated polymeric
backbone has a non-conjugated segment comprising recurring monomeric
units selected from vinyl carbazolediyls and triaryimethanediyls.
10. The composition of Claim 1, wherein at least one of the
35



8. The conposition of Claim1l, wherein the conjugated polynmeric backbone
has at |east one recurring nmononeric unit selected from fluorenediyls,
phenyl enesp 2pbwenyd2énevi nyl enes, oxadi azol ediyls, thi oplrematqusn236and
arylamnediyls. 35 9. The conposition of Gaim1, wherein the conjugated
pol yneric tetabitynef fiisistype rinert spagergabeps segmalidyl cleainraftong 1recigr ri ng
nmonomeric Wb sy ?Fdn%t ed fromvinyl carbazolediyls and .

triaryl methanediyl's. _10. The conposition of Claim1, wherein at |east one

of the 35 WO 2004l olispesmpositios i Giaior3swbergin at kast pnefof the st - t ype i nert

spacer grou ' - [ : rg%{h- . The
cgrrposi '? | Onﬁﬁl#ﬁagtg?fn?@gw%gé%wﬁrg%pafc;egg dy néélsg)aﬁ] ?Iﬁg p Iu?’fﬂﬁl y1 0
second-t Ype 1%n‘@r OQ BQMBP- groups is an alkyl chain of froml to 5 12 carbon

atoms. 12. The comPoFheicommsifdrabnC himwheyirginait é{a%ﬁi%nreoéﬁom Eefji E:Q?bonyls
I it fofirst dto ti,.ona r oups i e - S,
Bhg;gh: ngalo é@]ﬁg['@,()fﬁfrﬁﬁ&%? VP?LQ'%HP&? S?%Cfﬁﬁ}cfg‘?'ﬂdg'glqaé%?y&, sal ycylic
aci ds, and tpyespRipgalkaobispemindearbexylitleids imiicarisoxylitaditis) saljoylisher ei n at

| east one of t ' ected fromiridium platinum rhenium and
r ut heni ;flén fg?dﬁﬁgacl@%oogﬁylﬁ?#ﬁg%. Claim 13, wherein at | east one of the
s f

net al ur t her 13 obhaicrRaRasition eft Claimsh, wheseiniajderst oriesafttbe nietam

2-aryl pyri digeslected-fesmlifinnTipthtieen, aRenRmaaMl duheald 'ieZ'zi s

> pyr oyl byt i nE, 758 CRUTROSIARE Claim as wherkinst igast ongict o metal 15, An
| umi nescent isvurther abortimated 40 g leatst bae:ﬁgand%elﬁdtemﬁ‘gggzggﬁﬁgwd(ig?ﬁg ex

iti i.Si. I C. .. :
Sourat iy 0P STRbdet ha'> SRMMABHES, BAERIR 500U 1Y) S0 of
first-t{pe thienylquipgliess,g-higryldiarioesi 2-pyeatypyidingss 2l ural ity of

first-type pyRehiqUuibingsOHRg 2LsyFayialeiidsy bound to at least one of the
plurality onyiryls -type 1 nert lzyacgér groups, which first-type inert spacer

group is coval ent1% BEUHAIRESG "ﬂﬁ;ﬁ?ﬁ'&qrgprifﬂ%ﬁblﬁ%;f OBAPOPANGHIC | east a
portion of ewtal edmpler cpmpositidnycarhpiising (a) & RBnfugBtdd pd@merigr oups are
coor di nat edpLoyind. 854 pﬂﬂglit%tf%lﬁrst-type functional groups; and (c) a plurality

20  offirst-type inert spacer groups, wherein:

each of the plurality of first-type functional groups is covalently
bound to at least one of the plurality of first-type inert spacer groups, which
first-type inert spacer group is covalently bound to the polymeric
backbone, and

25 at least a portion of each of the plurality of first-type functional
groups are coordinated to at least one metal.

16.  The luminescent material of Claim 15, wherein the at least
one polymeric metal complex composition further comprises (d) a plurality
of second-type functional groups.

30 17.  The luminescent material of Claim 16, wherein at least one
of the plurality of second-type functional groups is covalent bound to at
least one of a plurality of second-type inert spacer groups, which second-
type inert spacer groups are covalently bound to the polymeric backbone.

18. The luminescent material of Claim 17, wherein at least one of

35 the plurality of the first-type inert spacer groups is the same composition
as at least one of the plurality of the second-type inert spacer groups.

19. The luminescent material of Claim 17, wherein at least one of
the first-type functional groups is covalently bound to an inert spacer group
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16. The lum nescent material of C aim 15, wherein the at |east one

pol ynmeric netal conplex conposition further conprises (d) a plurality of
second- t ywe 2bawase2snal groups. 30 17. The | um nescent nRCEAISA00302360 ai m 16,
wherein at |east one of the plurality of second-type functional groups is
coval ent bodhat is@lsn covalenstly omendbfo at Iphstraie bithefsevendrgdps Yrrstiongr t  spacer
gr oups, Es gond- type inert spacer groups are covalently bound to the
pol ymeric back one. 18. The |um nescent material of Caim17, wherein at

| east one of 35 4thel i lunainesgersimatesat of GlaimyiSe whesein thpaatio offtheups i s t he

same conposiruriter m@ramy dresttypeansit sPe”rp%!méu?g égﬁ'ﬂ‘wﬂ% m%ﬁﬁ]%nd type inert

spacer ggoup um_nescen erein at |east
one of ghe F‘?H"raﬁg/?f}lﬁ%t tP’B?I(f't"“ﬁﬂ‘?@laE F%lﬁ’éﬁqs -coval ently bound to an inert
Epacgr group 36 MDEﬁ&)%ﬂhé%t?@%ﬂ&@@?b@ﬁﬂ@%heﬁ’éﬁtthé%% égth%'?'\r/]al ently
ound to at 2t unction e

| um nescent Hnu1;t?ﬁéeéér| @%I'&ﬁ&%ﬁﬁﬁéy g}{@gﬂ?@‘{%@@%ﬂ% {9 %‘?"’ qudﬁger mber
plurality offlyralitroftspsend-iype functiosal groupsss 1:d. t he number of the 5
pIurallty of flrs t ent
material of O ai mar o "‘e"r"gféﬁbeﬁ‘%a&‘fr%’“a??' 19 whieheln Y5 cbHioRE

second- i]9pe HOM’P?”%B%@@O"@ t legstone raawbéng aonopiaricalnit seleétedecond- t ype

functional dromifiaotenediyls, &%ng%@s' l%rﬂ#éﬁ&ﬁﬁyl@ﬁ‘é@rd@kjlé%foléalﬁé Mp wherein

t he conj uga Lyneric ackbone has at 1east one recurti ng nononeric
unit sel ect i@gpP%'g%WFuorenedl yl s, phenyl enes, phenyl enevi nyl enes,

oxadi azol edi yl s, %nJhalhmpemmﬂln}ateriaIZiClﬁm15wmﬁ1é‘reﬁfcgtrlba§?ér% ppl of daim
15 wherein ] ' f..fir t acer groups
is an al kyI % E?ﬁélg¥ BP f?rg.%ft)ipe% f?%rt%d%? Eﬂé 'Sgtno%%yl %%m ?ﬂéomu Shescent

mat eri af9of 1 Bonatafperei n at | east one of the plurality of second-type

inert spacer groans TiHe lamﬁéé@éntﬁli&téﬁammlémw% ﬁé’reflnzaﬂéé?tﬁ{héa%f) 25.

The | ereln a east one the first
tyge ?tTn(r:]tels@?ﬁaplug?ﬁ%Bts‘?%org’etyg@t'ﬁﬁ%ispaﬁ?r(@Délpﬁéﬁ B8 A chaisrddisn doal kanol s,

ani nocar boxyo fl2 cadbatsatoms. nocar boxyl i caci ds, salycylic acids, and
hydroxyqui noli negs  The luminescent material of Claim 15 wherein at least one of

20  the first type functional groups is selected from B-dicarbonyls,
phosphinoalkanols, aminocarboxylic acids, iminocarboxylicacids, salycylic
acids, and hydroxyquinolines.

26. The luminescent material of Claim 15 wherein at least one of
the metal is selected from iridium, platinum, rhenium, and ruthenium.

25 27. The luminescent material of Claim 26 wherein at least one of
the metal is further coordinated to at least one ligand selected from 2-
arylpyridines, 2-arylpyrimidines and 2-arylquinolines, 2-thienylpyridines, 2-
thienylquinolines, 2-thienyldiazines, 2-pyrrolylpyridines, 2-
pyrrolylquinolines, and 2-pyrrolyldiazines.

30 28. The luminescent material of Claim 15 wherein the conjugated
polymeric backbone has at least one fluorenediyl recurring monomeric
unit, the first type functional group is a B-dicarbonyl, and the metal is
iridium.

29. An organic electronic device comprising at least one polymeric

35  metal complex composition comprising (a) a conjugated polymeric
backbone; (b) a plurality of a first-type functional groups; and (c) a plurality
of first-type inert spacer groups, wherein:

each of the plurality of first-type functional groups is covalently
37



26. The lum nescent material of Caim1l5 wherein at | east one of the netal
is selected fromiridium platinum rhenium and ruthenium 25 27. The

| um nescewD 20e/as628] of Claim 26 wherein at | east one ofPCTIUSR003MRIHN0 | S
further coordinated to at | east one |igand selected from2- aryl pyridines,
2-aryl pyri nikAungstozi deast angl ofithe plurakity of Sirstiea jiery spaieregous, which

.
byr ol ylqui i eeBe 'ﬁé@%@ b8 1 Eval ey b R e cont materi al
of Claim 15 ene, 3 conjugated polyneric backbone has at |east one

f1uorenediyl recwtneats&amﬂaﬁrdf@acwrthe biieal Z%bﬁﬁnrr]skxyﬂféfdﬁ%ﬁahé%“a' group is

a (3-di cgrb I,s Jjridium organi c electronic

dt |
devi ce conporq?éﬁj%jancfoqralgéfe%ﬁ) atgpshRNG Metals netal conpl ex conposition
conprising (a) a3fonj (it devigesbf Gk=imc29, WQMB a(tbéasﬁ dHeU;Bcﬁ meYicof a

t
spacer é?ﬁuﬁ‘i&‘é&ﬁ AplexEBSiud fdrer oBrideS (@) & prfativarsecpiidadna
groups is ¢ W@ﬁ‘ﬁl groups. Wo 2004/ 015025 PCT/ US2003/ 023690 bound to at
| east one Of t he gl ur ginet Yeride bf CREimt éntf?é?@{r)l atslgﬁftedrﬁgéﬂﬂgsphﬁ%ﬂ

t r, group s cova oun
Li’i(r:it)o; , %rﬁf:ons g/ce fH%EWP 3l growps @ﬁYa!ﬁnttbﬁénﬁthﬁéleaSjloﬁﬁ ofiar st - t ype
f uncti onal pﬂijrghtqmssecx)r\dolvpéllﬁ@’t ePadsr gtbup€aghicRRRcBREAY rt The device

ition
Pur thar "conSPEEELGD ﬁ%%?év%' @bﬁpﬁgﬁé’%mw@n%kpgﬁgﬁu “groups. 31,
The device of C 3mTi® deviee of Blaim 3 aghereimeatdéastenebithel pltlballtyl@f of
STorani 1 o ot tARAnCA'DEREr bBYE S bl Rlphifn 1S AR ladBh Bng) o
spacer 5;% ﬁ‘fr@“ﬁ%%ﬂew{el %ﬁ%dﬁdp@mqrhépwrmups; backbone. 32. The

devi ce of CI ai m 33, mwm af Claﬁmssz Hifereln éthéa&'dﬁe%f th¥ fﬁ%t'ﬁyéas ¢ one

t-t acer e osition as a
I):‘ r{'She %Pﬁr E‘M’@“B 'PHBS Y?ae@@béoqqfi&t $P3E @5up Y@t isplsodevi ce of
d ai m 32, whevalenthabolredid ablaes’ocbné bethe safonaycppe f&nmréhapg@lulpgr oups is

coval ently bounds &?ﬁ@dbogét()ﬁﬂg'ﬁ%?wgﬁp?ﬁ aTJtﬁe nusgval ent l'y bound to

at | east one of thi
20  plurality of first-type lnert spacer groups to the number of plurality of first-

type functional groups is 1:1.

35. The device of Claim 31, wherein the ratio of the number of
plurality of second-type inert spacer groups is covalently bound to the
number of plurality of second-type functional groups is 1:1.

25 36. The device of Claim 29 wherein the conjugated polymeric
backbone has at least one recurring monomeric unit selected from
fluorenediyls, phenylenes, phenylenevinylenes, oxadiazolediyls, and
thiophenediyls.

37. The device of Claim 30 wherein at least one of the plurality of

30 first-type inert spacer groups is an alkyl chain of from 1 to 12 carbon
atoms.

38. The device of Claim 31 wherein at least one of the plurality of
second-type inert spacer groups is an alkyl chain of from 1 to 12 carbon
atoms.

35 39. The device of Claim 29 wherein at least one of the first type
functional groups is selected from B-dicarbonyls, phosphinoalkanols,
aminocarboxylic acids, iminocarboxylicacids, salycylic acids, and
hydroxyquinolines.
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34. The device of Caim?29, wherein the ratio of the nunber of 20 plurality
of first-type inert spacer groups to the nunber of plurality of first- type
functi onawogoenpso2ss 1: 1. 35. The device of Caim 31, wreraispomshessw@ati o of
the nunber of plurality of second-type inert spacer groups is covalently
bound to the numerTied dpvioe alf GlgimpPO seepeid-dtyeastionecdiithe ahetal igups is 1: 1.

25 36. The ' ' el & j.uaated polynmeric backbone
has at | eas%%‘(;énde%g? @fgﬂﬁg@;ld@’ﬁ@%neﬁ]f t@ﬁﬁ“ﬁéﬁ%@ﬁ&ﬁ'wgm ?/f | uor enedi yl's,
phenyl enes, phenytlenBe dgvied &f Clairndl avheireidi atlisastame oftthe opdtahisdi yl s. 37.
The devi f i i I il 230
e device qfirthdrédBraatdtictatledét ér?agg{%ﬁ‘@%lﬁ&eﬁ r?ﬁ%n? ?E%ﬁ!dfk'%ﬁb"%fgz‘

fi rst-tyge i nert ,spcﬁcer groups I'S al aln o car bon

atons. 38. ARYPYEWdRES ANt anYasinqlinese2thignyipy¥Edinesne of the plurality of

second- t ype thieaylquirolines, ZMeddiazinds, 2lgitol@p@idingd, Zrom 1 to 12 carbon
atons. 35 33, T i dev}ce of gzﬂrnz .Wherein at | east one of the first type
functional GrEGHAAYyIEoINGS, apd £-PYEAVIdEZRRS: bonyl s, phosphi noal kanol s

am nocar boxyl i ¢ aci ds, im nocarboxylicacids, salycylic acids, and

hydr oxyqui nol i nes. 38 WD 2004/ 015025 PCT/ US2003/ 023690 40. The devi ce of
Claim29 wherein at | east one of the netal is selected fromiridium

pl ati num rhenium and ruthenium 41. The device of Caim40 wherein at

| east one of the nmetal is further coordinated to at |east one |igand
selected from 2-aryl pyridines, 2- 5 aryl pyrimdines and 2-aryl qui nol i nes,
2-thi enyl pyridines, 2 thienylquinolines, 2-thienyldiazines,
2-pyrrol yl pyridines, 2- pyrrolylquinolines, and 2-pyrrolyl di azines. 39
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