- conpl exes are known and have been denonstrated as both'1ig

19 August 2005 WO 02/ 066552 PCT/ GB02/ 00750 AM CALCOM NI NGDE? AHgust 20R%nt i on
relates to netal -containing dendriners and light-emtting devices 5
cont ai ni n§vaQ seaessA wi de range of | um nescent | ow nol ecul ' nmet al

_ ﬁfw%&zgﬂﬁ' ting and
charge transporting materials in organic light emtting devices, in
particular light emtting diodes (LEDs) al so known as el eetrol um nscent
(EL) devices. Anal ysis @mgpi ARG ASSRR TR PN kh the injection 10
of oppositely charged carrter LR AINENG LLRUA_;M!.-& brs shows that only
25% of the excitons formed in the LED are in the singlet state. Although
it has been suggested that the barrier of 25% for singlet excitons may be
exceeded under cBHS Hvantignirelaies toanetalscontaining ddnddmerstand Bghtfamittfnpelevit@0% For

nost orsgani or | only the singlet states can decay radiatively
generati ng ﬁng%ﬁéthﬁéft riplet states decay non radiatively. The possibility

to 15 extract | Wﬁmmlﬁmﬁ%&ﬂqo%ﬁ@éﬂar%thiﬁ&aﬁéo%?;lﬁ@ﬁ@&erk%ﬁrﬁt l'y been

denonstrated by 1nclusion of phosE_hores.c‘entgg&uest metal’l i c conpl exes in
host mat ri c4l hapgbgendemongiiaied as beth tightemitting s shargateansportingmetsrielsi r at i on

of the. € Js s : |y, + GONC ratkonsof. th est can be
used bef glrje&gﬁg‘g%é}gglg?r&g% fl%&ﬁ’gggéuf%\ga%%f%gtﬁ% 0‘3‘??358@8% | %32‘0 I n
addi ti on t hédecarelualinscemEEXésvicss eAndlysidlef spin viatistityessbclieml viitefe igedi®n Vol atil e
so th | a S C be deposi,ted by therpmal evaporation. In nan

app! i iét i oy 'rﬁﬁmﬁfﬁmﬁﬂgﬁfﬁe%%whg{m FRffop %?l@géﬁmséh‘%t@_nb’\%%%%mon, “but
the currentexBifn8 Fhriled ifl e TED 405 Mhe %gﬂt dehtb TR It iﬁfa@@@é&ﬁg%%tifedﬁgéstm I on

processing. In addition it would be advantageous to have g t

syst ens i n thihbagtieriof g% fovsihgletekcitpre stay baexizedadamder cBtinin dirsumpoissiehitds 25 wi t h
dendritic terials ccardi.ng, to the present .invention,these prqblens are
sol ved by P%PW #S"%%F ég‘i’l Oﬂ&é’e %SF f“ﬁﬁtr"ég%ﬁ Ratigla ply g??s“%?%“ﬁ%%tg cgrll 8?“?"&5 core.
Dendr i ner s radigtivelyqithratiiohighin Ghe triphst 5@kl hessy nes-rddiativbllyC IThb hasgidies telendr ons

(al so called dendrites) are attached tqo a core. The praoperties of the

dendr Hrer s exack lumHaererise dlony e wiplet groitsd ststchiae sprly besa domorgtatsd by
| ncor por at kifusn JFphaiph6RIRNE S HANRD BRhfitxes Whost nldBRs. PESHLAR BIAR! ' At ed

to 19 August. 2005 . _
' systems are sensitive to the concentration of the guest in the host and only low

concentrations of the guest can be used before phase separation leads to aggregation and
quenching. _

20 In addition the metal complexes used to date have been designed to be volatile so
that layers can be deposited by thermal evaporation. In many applications solution
processing would be preferable to evaporation, but the current materials do not form
good films when deposited by solution processing. In addition it would be advantageous
to have guest host systems in which high levels of guest can be used. This is possible

25 . with dendritic materials. |

According to the present invention these problems are solved by forming certain
dendrimers with metal ions as part of the core. Dendrimers are highly branched
- macromolecules in which branched dendrons (alsc.) called dendrites) are attached to a
o core. The properties of the &endﬂiners make them ideal for solution processing and
30 allow incorporation of metal complex chromophores, which have been demonstrated to




WO 02/ 066552 PCT/ GB02/ 00750 -2- be effective in |ight enit1%AggustddliSes
(LEDs), into a solution processable system The known exanpl es of netal
~cont ai ni imers fall into three classes (i) netal g} e centre
(i) et o BgRE ™ e periphery 5 (iii) metal ions at Pl RRpd00 ng poi nts
There is a range of netal containing dendriners which have netal ions-as
part of - the branching points and coor dénat i ng groups |inking the netal
ions, (see, e.g., Chem m (2000) 1701 and Adv. Mater,.. 10(4) (1998)
295). The ph@@fgqcumwé@&w %‘éalﬂ)@ $ 199p 2 SQlPHORBPIOFFSALE WERRY  al s have
been st udi ed i n sl biyicditbs bifeiS%h i Alcfarib U IAIPRA R RIS (| o5 have
general Iy not been explored: Tt oes not mnecessarl-ly follow that a
material that is | ¢ feesaddoratithe @atreiti on will al so be |um nescent in the
solid state. Concentration quenching in the solid state is a commpn
occurrence. In the @eﬁ%ffqlh%sgntgﬁlﬂq’i‘-p als ions at the branching points
there i.s a hi gh degsi aeRhar; i<ch 15 makes concentration
quenchisrslg parti cul g?? %ﬁ@&%‘tﬁ%{ Sim lerﬁégwﬁﬁ dendrinmers with nmetal ions at
t he periphery, the netal ions in adjacent nolecules will be- close and

again concentratj on, quenchi.n i 11 .be oblem. The ¢ ' lon is
directed towar ds HEH i‘?f@reé’fﬁ%ﬁmc%?wg%%“ﬁs%&PP%‘F&{%S%OAP@.X&%% t he
metal ion ciieQmRERag ?oih@ afid b&qdmﬁﬁ%]@o@pauﬁ;kﬁg thidaetabDioRs Wee e.g.Cheid.|  be 20

relatively isolated fromthe core chronophores of adjacent nol ecules, which

ni ni m'zes pGeBith(20081170& and AdvIMatgt d A (19980039501 The elatelpmigessentanni hi | ati on.

Furt her, the organonetallj endr i. lL.re | do not
ave  Wonj LBapageca s el HAEEhYe Jub it hehab gt sl ke

el ect r ol um REHERBNt PRYéraes havE@endx BTt BednheplorddyItidaes duh nedssatlysdollow
dendrinmers reported to date_have a Ln core_and, 25 bené%‘lﬁ et her d1I;rggchet-type

dendr ons. TWekematerisdha isduminescentmselution yill alsopbe bymimespay inthe satidstafe, 1o
been provengaj ' : : state i ELORim hy dfmEssl ms, 331
(1998) 259] Cb‘%ggrrdéat‘g’?ég%@mﬁgﬁgﬁ solt staf66 Btdmond odurtencEnindfind work in
or gani ¢ | i ghith ertds iongptdebrasching jomythere is fbighslengty ofehremopkarescwiiehophor es

nth elS den dxrnlakr?g rcgnc%ﬁggh%n:h%eﬁac\:%%]gsﬁaﬁ%c%aﬁy likely. Similarly in dendrimers with metal

- ions at the periphery, the metal ions in adjacent molecules will be-close and again

concentration quenching will be a problem.
The current invention is directed towards dendrimers with metal ions as part of
the core. When the metal ion chromophore is sited at the ;:ore of the molecule, it will be
20 relatively isolated from the core chromoyho-res of adjacent molecules, which minimizes
| possible concentration quenching or triplet-triplet annihilation. -
Further the organometallic dendrimers already disclosed generally do not have
conjugated dendrons, and so are unlikely to work well in an electroluminescent device.
For example the only lanthanide (Ln) dendrimers reported to date have a Ln core and
25 benzyl ether Frechet-type dendrons. These'compounds were shown to give PL emission,
but have not been proven in EL devices. Kawa, M.; Frechet, J.M.J. Thin Solid Filmg,
331 (1998) 259] |
) S’éme organic dendrimers have 5een demonstrated to work in organic light

emitting devices. However, the use of metal ion chromophores in the dendrimers opens




WD 02/ 066552 PCT/ GBO2/ 00750 -3 up the range of materials tHufugEh2®® used,
and may offer benefits in terns of stability and / or char transport
conpar ed W arogesst c systems. A particular benefit is thePEEE‘éYﬁ”P‘HP“ f or
highly efficient solution processed phosphorescent systens. Accordingly, a
first aspect ‘of the present invention pr@vides a light emtting device
which conprises a 5 layer containing a netal ion containing dendrimer and,

i n particul ajp théfngk GeMRMREERS Hat €an BlaRel, 2@ mapoifer benefits &i tetms ofntalﬂktypart of
its core, sald core (or centre) not conprising a nmgnesiu | at ed

por phyrin. Amdéebduirgrimnspest eRoRRIEYIdE OraRiESHEH & PRIHCHR: ked rs stai ning

one or nore at | ﬂplg S@é}ﬁswtchﬁ aI ion
as 10 part (5# @ﬁ&h@ﬁ{fé Iﬁsdgﬁ%lygr%ers %Ogeﬁg&h& aspe(ﬁ ?)f

present invegpiQ Bspe&hffth@ﬁreééﬁt mbeﬁroﬁ%n&é@,@rlﬂghﬂahim Bdvirdi wigc ébrhpk}ﬁesm?t al
typically formpart of the core itse] g. tac-tris_(2-phenyl

pyri d
iridum$i1. Javercotwinies paretal don Pqiéalplﬂlé:fﬁéﬂdﬂm‘?f\?@ﬁ{ ingrartiqytasy @Bl ?/
according to t he
Formul a (1) pfpigiith ARBREaUISE By ?fﬂ?e&jﬁgﬁﬁp‘%@ﬂ°‘g%f%§§ﬂ%%‘“ﬁ“‘%aﬁ| i on
or a group coagEsmimgichiedgogihyrion, n represents an integer of | or nore,
each DENDRI TE, which may be the sane or different, represents an
i nherently at |east partially conjugated dendritic structure conprising
aryl and/or 20 heteroaryl groups or nitrogen and, optionally, vinyl or
acetyl'enyl groups connected via sp2 or sp hybridi sed carbon atons of said
(hetero)aryl vi nyIAraéiﬂboalﬁﬂémhﬁﬂgebtegltmdsﬂmuyé@fdesdrhgé;re bonds between N and

het ero) aryl, groups, CCREt at|
f:onnect)ed %/8 ??ﬁﬁ’r"f”(ﬂ’lr% %fgcg?ljﬁgn a?% ?e'?c |rstﬁJ(}het ero)aryl

group fij Si paltefieRdrel. OSﬁUhtdeﬁ&ﬁﬂerﬁ tbrwfunﬁmeﬂﬁpectbﬂﬂﬁ pmmnmvémmﬂpart |y
conj ugat ed dendritic 25 -branch is attached n or, rogen

said ring c
at om f or mi ngtOpwrQT gOeups sberdmetigpinding tq the metal fypirally m%ﬁﬁg‘f PP 156 term
“metal ion” e Nex Qelbnd ASRIJENBS prfienChRE@RNS at e
t he netal eLﬁ Ja%avﬂzvﬁq}%h%gﬁldgﬁaﬁdpgla%s attaélhedﬁ(the omptélatlon st at e) In
‘the dendri meprevitieed d@mtaamordmg nethe ifirst asgicotwhdrein dwmraaﬂombvéllgéendflmph@
dendrinmer is_n utr and the netal -1igand bonding will have nore or |ess
coval ent. 19 kﬁg‘wﬂ”’z@% WD 02106652 PCT/ GBO2/ 00750

n

15 . CORE - [DENDRITE], ()

in which CORE represents a metal ion or a group containing a metal ion, n represents an
integer of 1 or more, each DENDRITE, which may be the same or different, represents
an inherently at least partially conjugated dendritic structure comprising aryl and/or
20 . heteroaryl groups or nitrogen and, optionally, vinyl or acetylenyl groups connected via
sp® or sp hybridised carbon atoms of said (hetero)aryl vinyl and acetylenyl groups or via
' single bonds between N and (hetero)ary} groups, CORE terminating in the single bond
which is connected to an sp? hybridised (ring) carbon atom of the first (hetero)aryl group
or sinﬁe bond to nitrogen to which more than one at least partly conjugated dendritic \
25 branch is attached, said ring carbon or nitrogen atom forming part of said DENDRITE.
| Tt is to be understood that the term "metal ion" or "metal cation”, as used herein,‘
describes thé: charge state the metal would have without any ligands attached (the
oxidation state). In the dendrimers that contain a metal cation the overall charge of the
dendrimer is neutral and the metal-ligand bonding will have more or less covalent |




-4 character depending on the netal and |igand invol ved. ALY Guert BO%i n t he
termacetylenyl refers to acetylenyl groups that are di Vabgidgozodrsny!
refers to 9i°H§?65tfroups that are di- or tri-valent, and aryl refers to aryl
.groups that are di-, tri- or nultivalent. In a preferred enbodi nent the
dendrites are conjugated. 5 The dendrinefs of the. invention are preferably
| uminescent in the solid state. The |uminescent noiety nay be partially or
““whol | y- wi t hichaméter daperding ewthe metand liginddeedvede is preferably fromthe
metal conpl ex. Sujt abl [ I n i n ' I ¥ whi ch
can be fused, ar eFl el%fn?%ggeﬁl%gﬁgie%ﬁée%q#ﬁ%ﬁlgﬁrmg‘%@tgm%g%\&g@g\c ?’ng
poi nt's i ncl ygig] kgadiddinyll@ogsthitasd dionsrisudlht, asd atyy tefas yo aryl groups that
aryl-viiiyl-aryl, aryl-acetylenyl-aryl, aryl-aryl'-aryl (where aryl' may be
di fferent f vﬂtmfillaﬁﬁ}‘l‘)f,m‘lﬂﬁl‘&#l?ﬂt Mplmfcaﬁcwmbﬂﬁluﬂm“ﬁﬁe?% © HIUEDH nay
-cont ai nc one or - hr ' | id ktdtel case
"5 ”3’?1? dQJqlﬁ?e@oftﬁgﬁwgﬁnom aF’é( :;‘r?]rgﬁy ef&glyp@h‘y hescdP LM bl bidte! T

of the."aryl-vin aryl and aryl-acety I nkages within the

dendr on thehgninBiteandiBy miy berpartiallgroy Wholy withindhe eory itsadlf €Thd lamjhesténck
bet ween the_branching paints. |ndeed there may 15 be nore than one vinyl
or acet yl eniapreferapix fromdhcngtalgompleds two aryl groups but preferably no nore

than three. FUf\tAE&i"tabié ﬂgﬁ%&%@{bﬂ?i&ﬁm@%@&ﬁ%&&o&ﬂ Rehic caB BRI | C

dendriner i.e. ere t ons are not all the“same. 20 A third aspect
of the pressomatioviapsysempantN.dEbe bnkidefvcen brapching pejntsgnelnde bandilg  aspect

wherein th L1 i ner. . he, f | 1) ;. 0%
[ DENDR! 1| epeRrens s b AT et PR e T, oy
group cont afe\gnc [ R Bk difffent Frof Wyl), -2 kfd IN-4FAND AntifidiviRiaabdendron

di fferent, repreSent an integer of at least 1, each DENDRI T whi ch
may be the mayreomsindiné bemereofwhdriype pEbranching @ointhMeraovenin theLfase | TE2,

25 which ma e, the sa r different,. when I r el sent
dondri t1c " Sybaoyhrabaetylengh o ER A o8 £RLEh ety bolofPLESent
conj ugat ed RBg FPUR{dyS bidyRdctlylenf MOt elicieraidhigy poips. Indeed theregaay and,
optionally, vinyl and/or acetylenyl groups, connected via s %Jé]ﬁr sp
hybri di 6d h@mbmthm_mlOSMIGMPEM5@P?W,WWW3WI£@5& yl groups
or via sl ”%rg%b ”dﬁﬁ%%%&}?{ﬁ&&%x ha@hBipeSn At ddByhheAitoust

2005 WO 0
dendrimer i.e. where the dendrons are not all the same.

A third aspect of the present invention provides a device according to the first

20 aspect wherein the organometallic dendrimer has the formula (II):

CORE - [DENDRITE!] [DENDRITE?,,, ()

| in which CORE represents z;.metal jon of a group containing a metal jon, n and m, which
" may be the same or different, each represent an integer of at least 1, each DENDRITE!,

_ which may be the same or different when n is greater than 1, and each DENDRITE?,

25 which may be the same or different when m is greater thm 1, represent dendritic '
structures, at least one of said structures being fully conjugated and comprising aryl
and/or heteroaryl groups or nitrogen and, Optionall}.r, vinyl and/or acetylenyl groups,

~ connected via sp? or sp hybridized carbon atoms of said (hetero)aryl, vinyl and

acetylenyl groups or via single bonds between N and (hetero)aryl groups, and the




5 -5- branching points and/or the |links between the branchlh@u@st#% in
DENDRI TE' bei ng different fromthose in DENDRI TE2, CORE termnating in the

single boa%h 5) connected to a sp2 hybridized (ri ngricpozmorsoat om of
the first etero)aryl group or single bond to nitrogen to which nore than

one conjugated dendritic branch is attached, said ring carbon atom or
nitrogen formng part of said fully conrirgat ed DENDRI TE' or DENDRI TE2 and

CORE terminating at the single bond to the first branchin it for the
ot her of saitgenCERDRpNEE angfor %m@hﬁmee@@eb@ﬁmémmwmﬂﬁﬁlﬁ LEE&IDRI TE'
. and DENDRI'T be| gi mer
havi ng the f glgﬂtﬁpferﬁw %ﬁmﬁgﬁﬁe‘%ﬂgﬁ%ﬁggﬂ aspect of
the present dofieiel kPDspiQiidiesd @ngpsariam sas of thergsti(heterharfligralp oramg@ct
wherein the organonetal | ic_ dendriner has thefeﬁg%;ab gﬁ V\A;
represents & @aﬂ“@ﬁ?ﬁtﬁwh&hﬁﬁﬁﬂla@dﬁ?&?fﬂ?@&dﬁf g Iéﬁqlli” Attaehet s nts an
15 i ntege of e @Eﬁgmr di fferent,
s ar% %%ﬁi t&é(?é%fleas %%grtlfl% Bl <

. represents Y y conj ugat ed dendritic _nol ecul ar
structure mmENDmmbm$é®REaemmamg/amhehmgm@my¢ thefirst baanghing peinbfoa) | v,

aton of st qbEre) RENOIE 5T DRRERGREY ofteng Bac Pl BoRE. pIEERER. "

bonds bet We%gh ﬁﬁmfﬁfﬁé}ﬁ DofiddsodH, Ot Rl 2818 Eﬁhﬁﬁﬁi g deB@rithémigviletheeen
adj acent 20 branchi ng poin s In said DENDRI TE are not all the same, CORE

t er mi nat i ng formutah@I): si ngl e bond which is connected to a sp2 hybridized
(ring) carbon atomof the first (hetiero)aryl group or Nto which nore than
one dendltic branch is attached, said ri ng carbon atomor N form ng part
of said DENDRI TE, the CORE and/g()R_@EI‘ﬂDBNTﬁm‘E'ynr(m) | um nescent. A fifth
aspect of the invention provi des a device according to the first 25 aspect
wherei n DENDRI TE, DENDRI TE' and/ or DENDRI TE2 does .nat include Nﬁ

branchi ng poi nt #nfPurtls agnse} elgte @Fesent dnventiqnopngxides,y 4P RFOTHE O] ﬁ%frml ae

11 and 1Ll CORE %R & génonfe%mdeﬁ&uﬁerl%%%hﬁﬂh@ﬂﬁ' ated porphyrin. In
this context,” conjugated dendrons (dendrites) indicaté that they are made

up.of 30 ali whmlacm?@s mpmg¢ll=§s angtad iongir e goowdentaining @ metabipp; MEPEIFIREE
aroups. 1?0V\?1;I§grer gthf or more Seach DENDRI'I‘E which may be the same or different, reprcsents
an inherently at least partially conjugated dendritic molecular structure which comprises
 aryl and/or heteroaryl or N and, optionally, vinyl and/or acetylenyl groups connected via
sp* or sp hybridized carbon atoms of said (hggero)aryl, vinyl and acetylenyl groups or via
single bonds between N and (hetero)aryl groﬁps, and wherein the links between adjacent
20 branching points in said DENDRITE are not all the same, CORE terminating in the

single bond which is connected to a sp* hybridized (ring) carbon atom of the first

~ (hetero)aryl group or "N to which more than one dendritic branch is attached, said rmg
" carbon atom or N forming part of said DENDRITE, the CORE and/or DENDRITE being
luminescent. A fifth aspect of the invention provides a device according to the first
25  aspect wherein DENDRITE, DENDRITE' and/or DENDRITE? does not include N as a
branching point and is conjugated. '

It is to be undersiood that in formulae I, 1T and III CORE does not, comprise a-
magnesium chelated porphyrin. '
A In this context, conjugated dendrons (dendrites) indigate that they are made up of
30 alternating double and single bondé, apart from the surface groups. However this does
| not mean that the T system ié fully delocalised. The delocalisation of the = system is




not mean that the is systemis fully delocalised. The del othAugust 2% of the
It systemis 19 August 2005 WD 02/066552 PCT/ GB02100750 -b dependent on
the regi ochem stry of the attachnents. In a conjugated dendron any

br anchi ngvexesegen wil |l be attached to 3 aryl groups. THI/GRIZEPT 11rer may
have nore than one |um nescent moiety. In a preferred enbodinent the
dendrinmer incorporates at |least two inbgrently |um nescent noieties 5

whi ch npi eties nmayor may not be conjugated with each other, wherein the

dendron inckl é@ﬁ&nﬁ&nﬁ??@ocﬂ&ﬁﬁ@{' Dfﬂg?ﬁhﬂeﬁtyw ﬁ@gtemgélﬁ;dn@g Preferably

the | um nesc les further fromt core of the dendrimer

have a | ar gﬁmdﬂ@fh&h@@mﬁl’mea@chgﬂp tdaglrgrduips. | um nescent noiety or noieties
cl oser to or partly or vvhol Iy within the core of I n anot her

embodi nent the eﬁ‘af?tp%n%hérﬂﬁ’gfcgﬂﬁlgﬂyyﬁ]%ﬁesane al t hough
the surface %ﬁ@&t@d&ﬁ&ﬂ%&&%om%ﬂ\@o iRealy IeaiReseént fegetizhr omophor es

at the surfac the dendrite nmetinmes in, say, the second generation
dendri ness thmchmdimangyonmamdnés conjugattd-witnereh odhenwhersin the de0droTend . of t he

- dendrite of, | ower r one in. The
rel ative HORBIVHEHAD p@ﬁ ﬁi% %é&ﬁeésP%gM{hﬁ%‘%gﬂ%g by 15
met hods knoyg; s, :ﬁ&ie&b%'ﬂme@ﬁwm @d@bﬁh@@@ﬂ&mphmmaﬂ{omwo he
| um nescent ieties %/ , or be (partly or wholly PL t.ne core
itself, whi mergjn dep themthe upmﬂseqnh@pyw\n@@@ﬁ&w&? OIP%WHY MO gap

ener gy than t%he Pf%}?h@a%ﬁ“{‘ r"if?nagﬁtﬁnernetm etn¥ % Pﬂﬁﬁ)én@rg"y hgp gendr on.

Al ternat i vel§ ons ER2rser ves may each contain
more thap %sﬂahﬁﬂllyﬁtﬁ&@me altBbigphythe Sui’fadd‘grodipsmechﬁﬁ)gc thrHOMI-LEMRr from t he

core will again préferably have | arger i nhe ent a ner gi es

than those @icesyegaptod @W@W@Of%ﬁm"rﬁ%fa‘é"a%f depdrife,, %m#{\r/%péllr? %’é not be

| umi nescent . 1 A0Uaod il E%ﬁ%ur‘f‘a%?&ggh%k SEMRE CRlohbpRtrftaie distal idi t abl e’
ranc

surface gro% Brethe riners inc hed and unbranched al kyl,
especi al l'y éfthﬁﬁéﬂdrxt@df&mh&mmm aletgyemnmhtcdxﬁ}'that‘?f eoexhgnedn.

2- et hyl hexyl oxy, hydr | ane, nd vinyl .

A nore conprehe n'glilﬁi/’@ afivg Hgﬁ%@@ eﬁer%g?pﬁé’ %%9‘3 ﬁa[b%%%d by

(met h) agy Iy W gpﬁg]@mgv 1Ble s c{r ?%m&&ntehmff@: lgmmqswm

sul phony g]rq%ﬁ'rf))d‘ssklljl eﬁer group; o al kyl S_}r Ef € ng butyl)

gr oup;. an anmnﬁegma]ab% oa ber(pagly, Ordvho ﬂrWlﬂmls-t@ GCF@“@E W ne group; a
preferably have a smaller inherent HOMO-LUMO gap energy than the other

luminescent moiety or moieties in the dendron. Alternatively, or in addition, the

..1

dendrons themselves may each contain more than one luminescent moiety, in which case
20 - those further from the core will again preferably have larger inherent HOMO-LUMO
. gap energies than those closer to the core. In this case, the core itself need not l_oe
luminescent, although luminescent cores are generally preferred.
Suitable surfacé groups for the dendrimers- mclude branched and unbranched
alkyl, especially t-butyl, branched and unbranched alkoxy, for example 2-ethylhexyloxy,
25 hydroxy, alkylsilane, carboxy, carbalkoxy, and vinyl. A more comprehensive list
includes a further-reactable alkene, (meth)acrylate suiphw-contmnmg, or silicon-
containing group; a sulphonyl group; polyether group; a Cy-t0-Cy; alkyl: (preferably t-
butyl) group; an amine group; a mono-, di- or tn-(_]l-to-C, salkyl amine group; a a-COOR
group wherein R is hydro éen_ or Cj-to~-Cy5 alkyl, an -OR group wherein R is hydrogen,




group wherein Ris hydrogen or Cl-to-Cl5 alkyl; an -OR grollhAvgust 8045 R i s
hydr ogen, 1 9 August 2005 WD 02/ 066552 PCTI GB02/ 00750 -7- aryl, or
Cl-to-Cl5 al kyl or al kenyl; an -O2SR group wherein Ris_Cl-to- al kyl or
al kenyl ; VR 02/8R5%r oup wherein Ris aryl, or d-to-Cl5 aPﬁVFngr’{%é%}kenyl; an -’
-SiR3 group wherein the R groups are the sane or different and are

hydr ogen, Cl-to-Cl5 al kyl or alkenyl, gt an -SR group (R is aryl or
Cl-to-C15 al kyl or alkenyl), aryl, or "heteroaryl. 5 Typically t-butyl and

al koxy gr oupsyiaire, 48.€; alll bf AkLHE; a8 Lm{smcgogﬁ AUEsInTe (80T, £dkyllor ON

di fferent deridrons or di f'ferent o’!l sta g}zﬂgups of a dendron. It is preferred
that the deldnylnan -SRgrews whargmRis ayb o3 Shite Cis atkyl pralkenyl;fop cERg £9UPs ar e

such that the dendriyrer can . be dissalved. in a lpe ce group
ban be chos@ﬁ‘ege&‘:%eﬁ%?uﬁsﬁ?%%??_ﬁjrei(’rl?@%eé% aﬁ‘g?ﬁﬁg'@‘lgégﬂpéﬁ%g&aﬁ%épmr

- exanpl e a CrRRfyll bPKPIIRe A ' ik &ryP6eS LRLC WalkgTorcditny D cardll @dmetdroanided upon
irradiation or by-chemcal reaction. Alternatively the surface group

conpr i ses5 a Typisalisctbuty] age aliipxy pRRstaredssd p DitfeseRs vedace graupa ey 8° §F6e whi ch
can.be crosg.| ‘@e‘%?%% Ao RSP Bifftens GiliGL 8%%%%%@6&“1%%&&1%::@&&%%@" so the
ng BT U e %s suﬁ’r t

dendriners & e I n solven |'e for solution processing. 15
The aryl gr dedinwrid¥obution prodesssblons teoyrfae: drowiscast sugh thenthe dendrimgytchal ene,
bi phenyl (in which case an aryl group is present in-the |ink between

adj acent br Bagmwselyed B3isAWEt ant hr acene, fluorene, pyridine, oxadi azol e,

triazole, tiTazigg, snﬁﬁb@ﬁﬂ%&n@:@@h&@ﬁ F&h RRRAORIAMEr GibE phétdbRmed.

vari ations. Thesé groups optionally be substituted, ‘typically by Cl to
C15 al kyi0 oFoptdaamie aerossgimkabltgroap isl prepeniypisiclacant beardss-dinked ypgnioadidtionar e 20

preferably benzene rings, preferably coupled at ring. positi and 5,
pyridyl or ©f QY';PPHW re%FWﬁ‘s .ﬁlﬁﬁ@gﬁe&%W&H&%%Weﬁ%/“ggsgsaanpré{g% g]]mu, or the,
f1 uorescent wafHHQERBE Bfsved folledve aRAKDI vAkich & HRPIsE Binkéd dn gbweedl, then affinity
of the dendrinmers by the addition to the chronophore

s of . o,
el ect r on- wi shfcagiavgs areselpued spries dendpmersars soleble ingplvents spitable foy splefionn g
sul fone which are strongly electron withdrawi ng and optically transparent
in 25 the SPPEEFI& region we-are interested in. Further details of this

~ and ot hers nodi f i Thé b®hgroGfs withen the detidroms can ba typixallf benreing, napdalede21935 t o
whi ch reference should be made.. It will be %ﬁﬁ%ﬁﬁ' at ed hattbone or nore of
t he dendr on¥iphenyd Enarhichrassan a7 gEoupds BIFsg & gtween, adiacs Rt MEon i s a

specified c 89#11%9 Qtﬁtﬁ&cgﬁpﬂﬁo?é}k, ﬁy?fajﬂ%?oxadiazole, iriazole, triazine, thiophene and where
appropriat,e substituted variations. These groups may optionally be substituted, typically
by C, to Cy; alkyl or alkoxy groups. The aryl groups at the branching points are
20 preférably benzene riﬁ'gs, preferably coupled at ring positions 1, 3 and 5, pyridyl or
triazinyl rings. The dendrons themselves can contain a, or the, fluorescent chromophore. o
It is possible to cdntrol the electron affinity of the dendrimers by the additionto -

- the chroniophores of electron-withdrawing groups, where appropriate, for example _
cyano and sulfone which are strongly electron-withdrawing and-optically transparent in
25 the spectral region we a:é interested in, Further details of this and other modifications of
the dendrimers can be found in W099/21935 to which reference should be made.
It will be éppreciat'ed that one or more of the dendrons attached to the core
.(provided that at least oné dendron is a specified conjugated dendron) can be

" unconjugated. Typically such dendrons include ether-fype aryl déndrons, for example




unconj ugat ed. Typically such dendrons include ether-type al$futish®i¥ns, for
exanpl e 19 August 2005 WD 02/066552 PCTI GB02/ 00750 -8 where benzene rings
are connggl@megssa a net hyl eneoxy link. It will also be BEPEBEV7EH t hat
when there is nore than one dendron, .the dendrons can be of the sane or
different generation (generation |evel_gs determned by the nunmber of sets
of branching points). It nay be advantageous for at | east one dendron to

be of the Sefietbenfhe bRl coilBRS! Fhbif enta&ggi:ﬁe!im@m 4160 BeSpphdcRibas ol ut i on

processing properties. The cores typic y conprise a netal cation and
attached | ithatmiben thére ismo@ithansone dppdron, thydendrwins edn el tiesameoe diffegent he cor e

is typically luminescent.. If .it.is not |up nescen 0 or,.nore. he
dendrons sHEEFEYED e&?‘ﬁ&%{l lf’fﬁlrf%%eém Y&E%?‘“‘?@?é H%ieﬁeor%(e?ﬁnﬁh’gg ﬁﬂf‘nl%é‘eit a
netal cati qRaRpdadiah@EdtRY fdrlafRAADNE HeddRor 1Bk 6Pihk ¥eddnd, 1 hgeR lpexerationa net al ,
cation and one, two' or nore coordinating groups, at |east one,. and

pr ef er ab$ y tatproddsthe raquiredsolution progessingpropertiesgr oups bei ng bound to a
dendron: Typi cal t he lL.um nescence of .the de | B VM ' fromthat
conpl ex. \Wen Cdgéq%es?xpé?a%lcgm{:ﬁgaﬁ{a’ cagpn H‘{]%Cﬂa%él\g\éﬁrslétph%gééetxhlﬁss a group
cont ai ni ng tFpieRilyPdenidlih & cofdnE thécdry W tgsibdlly Jamiesehte IS vls ot behimbsceatt | on
and two or nore coordinating groups, at-least one 15 and preferably two or

nore of t hensairdog ofi s dendspnsisbpuld conlair lp@ingsOENEFPFE, DENDRI TE' or

DENDRI TE2 npi et ' ' r 5_@{!] . l; &afpgctively,
" by the single bo L’%%{?gﬁmﬁ%iﬁgi n %gtée]%g?nﬁg%ﬁéaggﬁtﬁ%?g{s. ?5\ si xth
aspect @f ichmplexwfatoic] cationvind @fe vl grroruRtdihdting goensirat teast o) ad
conprises netal cation as part of jts core and two or re dendro
Cherei n at Prafasbly 8 fesidmios b e aeningRas Fos SR REpRTEio RFaHEr AR TR
dendri mer | ) L | ?Piﬁi e JUEE 1N eihed bORTIKE does not
conpri se ah%n%ﬂgﬁlﬁg?é#g%%gﬁfe?%?%& poe?ghjérqurﬁ&%ngeventﬁﬁmg%pec? of the invention

provi des amo@ngday(E) af (Mcabdesitkpieyenits o grdup conthining GOREal-cafi@ENDRRERF a wher ei n
CORE, DENDRI TE and n are as defined in the second.aspect (fornul 1)) or
the fourt htxpdisa ‘{Opﬁl??ﬁﬂf& g I"i“j‘o‘b‘éﬁd&w@@?@"%‘f""ﬁ%ﬁﬁg St gf;@l})(’et1 é i um
chel at e - RO& BRWELELy tvh6 o MBS MR groups each being bound to a DENDRITE,
DENDRITE' or DENDRITE? moiety as defined in formulae (f), (I) or (HI), respectively,
_ by the single bond in which CORE in these formulae terminates.

A sixth aspect of the invention provides an organometallic dendrimer which
comprises a metal cation as part of its core and two or more dendrons, wherein at least
one of said dendrons is conjugated and wherein the dendrimer is Juminescent in the solid

| state and wherein the core does not comprise a magnesium chelated porphyrin.

A seventh aspect of the invention provides an organometallic dendrimer of

formula:
CORE - [DENDRITE];

~ wherein CORE, DENDRITE and n are as defined in the secoﬁd aspect (formula (I)) or
the fourth aspect (formula (III)) szid CORE not comprising a magnesium chelated

porphyrin.




8a An ei ghth aspect of the invention provides an organonet & AugUs§ees i mer
of formula (11): CORE - [ DENDRI TE] a[ DENDRI TE2] n(1 1) wherei n CORE,

DENDRI TE', DENDRI TEZ, n and mare as defined in the third aspect. A ninth
aspect of the invention provides an dtganonetal |ic dendriner according to
the seventh or eighth aspect wherein the CORE is represented as a conpl ex
of the formula (N: M[X-]q Y, OV) wherein Mis a netal cation, each (X-],
which are the same or different, is a coordinating group X attached to a
single bond in which CORE term nates, each Y, which may be the sane or
different, i %naei%ﬂlﬂréi?%tdfnﬂe%%ﬂon PréBd@Nar BiRAGhetANE denddmét 6f an
integer, the sum of (a.q) + (b.r) being equal to the nunber of

coor di n&ermwia @)t es avail able on M wherein a is the nunber of coordination
sites on [X-] and b is the nunber of coordination sites on Y. The single
-bond in the, or each, EX -1 noiety, heing_a bor12d in which CORE 19 August
2005 WD 02/ 066552 PCT/ GEBA o 7END ‘hﬂ?ﬁgwaRéEE]:e@hnects to a dendron.
Preferably there are at | east two dendrons in a dendrinmer, in which case q
in formula (IV) is an integer of 2 or nore. The said t\/\%EElr etFng_e dendr ons
typical | y_hav r Hy 2 ENBRI e OENBRASTE r  and/ or
DENDRI T‘éﬁerglgiécpal%‘]?’ﬁ%%&?n E(;’rﬁrrg ae %ﬁ?%&i(ghl ') above. The coordinating
groups 5 Y, when present, are neutral or charged chelated |igands which are

not attached st QinAENdrQPSoR R WefitlorS PrBddsO ah Ubrghronidiglic alvhdkimat | on
requi renents of the netal cation. Suitable netals include: |anthanide

met al s: asnoedingto theseventh oseighthiaspect whereipithm§ OREripreprasentSdasasompiX t hul i um
erbium a e ] 10 d-block netals, especially those in rows 2 and 3
i.e. el 8%5?%@&@@‘48 and 72 to S0: such as iridium platinum rhodium
osm um ruthenium rhenium scandium chrom um- nanganese, iron, cobalt,

ni ckel and copper, and nmain group | s of the Peri odiﬁv}abl e: such as
metals fromGoups IA [I1A I11B, IWQ%' _

wherein M is a metal cation, each [X-], which are the same or different, isa coordinating
group X attached to a single bond in which CORE terminates, each Y, which may be the
same or different, is a coordinating group, ¢ is an integer and r is 0 or an integer, the sum
of (a.q) - (b.r) being equal to tht;. number of coordination sites available on M, wherein
a is the number of coordination sites on [X-] and b is the number of coordination sites on
Tﬁc single bond in the, or each, [X-] moiety, being a bond in which CORE




e.g. lithium beryllium magnesium zinc, alunminum galliuh?AxgHst 2flum

Sui tabl e 15 substituents 'Y, for rheniumin particular, include CO and

hal ogen such as chlorine. For iridiumdendriners, the part of the |igands
att ached Wwoobbssssret al is preferably a nitrogen- contai nPCRGREY®F¥aryl , for -
exanpl e pyridine, attached to a (hetero) aryl where aryl can be a fused
ring system for exanple substituted or_gunsubstituted phenyl or '
benzot hi ophene. It should al so be noted that the pyridine can al so be
substituted.,_ Platinum ri 2 Lal ' drinmers with
a porphyrin ¢cor %E% %l%mgct?sl l?edrg\g@rg%slgrg?eg% %@g%%@%tl%gmgéﬁ%ﬁggmsa

Fps iht ion ar @e@&nﬁr,abhﬂwhibﬁﬁ&e q:cixlefoemma@wis a_ﬂﬂnl:dgeﬂﬁcﬁ'?.&:ﬁpfoﬁ@ i Bfeaslidt tvatort he

i ght em ssion can be either uorescent or, phosphor en e ng on
the choi ce dnorpdengrongiypicaiyhayefhe strigtugesotppresentest @ﬁmﬁﬁ% ﬁbﬁpﬁﬁf‘]@d’hg
groups for t L ncl Lt Y 8 tens
such as car 6%@9%?@3@#5@?@@%%@%%@?%% ggr oi‘i}%%agéi S,

Schi ff base,iwieh pebiserg, cyduirahe ehirgedielatedi lipamdsywhidroepat attashed $0 known, _
| um nescent _ | ant hani de net al | exes . reguire.sensitizin rqQup(s) which
have the tridgrdpnsapdiviach Séﬁ’ér*@%‘l‘""@%@fl I?%ﬁm‘f’“ﬁ%oﬁtﬁ? E’tg’tag%%’io ed state
of the nmetal iong,EHSab@R ilcdudsr Oman f-f 19 August 2005 WO 02/ 066552

PCT/ GB02/ 00750 % transition of the netal and so the emi ssion colour is
det erm ned by t hiantianide enctrs: stvd as perival, samiriue, saropivenitskinen dysprosamer al | y
narr ow, resgﬁj ng Lo a re,col our em ssion useful 'for display .
appl i cati ond® exbit prigl negel to harvest triplet excitons i.e.
phosphorggcence, glfgkitaq hbialeiHosEin@bivi £ bedT e eRimehie 3RitghPand Tt for

fluorescent 5 systens. Main group nmetal conpl exes show |igand based, or °-
char ge tran$fetucknd isisivsn plativge, iaadiye; WB@LBW@%&?P%S?@H‘% the choice

of ligand as,wel.l as_th I W | um nescent | ow nol ecul ar
P Rt ool RO g

wei ght neta es’ are ave enonstrated in organic
li ght enitt inigh glevp Ry cfekk Pegiodic Tablecswohra mBytwnfrobPGroups [AJDA) B, U} US- A

5,150, 006, US-A 6,083,634 and US-A 5,432, 014). Suitable.ligands, for di or

trival ent méalidivm,desiiim, ql%ﬂﬁﬁl'ﬁﬁx%ﬂ%?‘z“ﬂ%’#igﬁ@fﬂ&@gb‘%ﬁ%'i g‘é‘?ﬁ?"le) e.g. with

oxygen- “Lé " S0 Rt YOS He N SEPrGANAL AL OFRd hileRasadt 3 chldrinBgFoE t r ogen
a sups

atomw t i t'dent oxygen atom or a substituent nitrogen atom or
" oxygen at ominditu dendrimés,tthe peetrif thediggeds attachmdde tie metal & Molgrbliamilagttt e (1 A)
and hy droxy %gr;tgi%%(nagl ﬂe?e?tl)arjgl,l for example pyridine, attached to a (hetéro) aryl where_aryl ¢an be '
a ﬁxs.ed ting system, for example substituted or unsubstituted phenyl or benzothiophene.
Tt should also be noted that the pyridine can also be substituted. Platinum dendrimers

20 and especially platinum dendrimers with a porphyrin core with stilbene-based dendrons.

-

attached in the meso position are generally less preferred.

-, ’
L—

| It ﬁll be appreciated that the light emission can be either fluorescent or
. phosphorescent depending on the choice of metal and coordinating groups.
25 . Suitable coordinating groups for the f-block metals include oxygen or nitrogen
donor systems such as carboxylic ac{ds,' 1,3-diketonates, hydroxy carboxyﬁc‘ acids, -
-Schiff bases including a-cyl phenols and imi.noacyl groups. As is known, l_uminescent
lanthanide metal complexes require sensitizing group(s) which have the triplet excited
- energy level higher than tl;.e first excited state of the metel ion. Emission is from an f-f




15 B), 10-hydroxybenzo(h)quinolinato (11), benzazoles (1119 Augst2f0hases
(V), azoindoles (1V), chronone derivatives (VI), 3-hydroxyflavone (VII),
and carboxylic acids such as salicylato (Viii) am no carboxylates (I1X) and
ester cawoRyb@ses ()). The substituents including thePﬁT’gﬁéy‘)?"ﬁ’r oups are
typi cally hal ogen, al kyl, al koxy, hal oal kyl, cyan, am no, am do, sulfonyl,
carbonyt, aryl or heteroaryl on the (hejgro)aromatic rings which 20 may
nodi fy the em ssion colour. The R groups in fornmulae V and X are typically

al kyl - or attloi st il dioths ol QU oM id Rl ol dechivd b9 RRURICObE thot 0 6

carbon atons, especi y carbon-atons such as” nethyl, ethyl, propyl
and butyl . Feexl.drhelshap emjssionisgehyiallg ahrrow, resubiinglin g pugslouémisgobbsefll net al s

f I 1i | it h b ' . d h
por phyr { e S el SopAReR Rt . e B Iip prER RELEGRrEE8 Ui nol | ne, 2-
pheny! benzogggsg{rﬁgsﬁ&hﬁ@ﬁ,m ALLAERLIEG cak bOMiphethin YorflaREdcBgne and -

I m nobenzen eterd)aromati ¢ rings can be substituted for exanple as
for the B aystem$. gr oups gi ven above. The em ssion of d-block conpl exes can

be either ligand,  based or, due to char trransfer. . For d: bl ock

el enent s, st r ong™ah HOW Bt coep ﬁ3%0“3'3%5@“%%%8%%3%55’%@?@3@0075o -11
coupling all ows {RPiHdioH Qe SREHRIYyHe dibeMiBAIdRS wellantterhgthleA. st at es
(phosphorescence). In fluorescent el ectrol um nescent devices, ny excitons

formin thewiderangsmifdahinescentilow molesutar weightwetal anlexes apkpeyn ¥ 1ight
enm ssion. 5-#énce devi ces base phos e ) i can’
har vest theb?ePi'%Flé’PS%aaq%é? prEre %ﬁg{;%m" ' gp%g{c%sn[? %gf:-g? g%I L%rm&%ﬁl' %}ﬁghﬁi}

efficiengy tivem fesiusa HEePdcOUSIA 508%63eaid USM 5482,814] Thetabledigrindser s can
be built in a convergent or divergent route, but a c.on,vergent i oute is
preferred. fmdson tnxalaetmptalnare shevain Higyred: they inglds gpingids (1268 Viands and
these 10 are sul . ; kra8§hir9B nftRgbP4tnl Wigh
dendritic r’r%%y%m(%g?o %Qé’%ﬁﬁ %ﬁggﬁgo%@ﬁggﬁ]rﬁé%end?i ti g i gga_nds can
subsequent | y stitgtiriehtaoxdgdh diom seriadubsiitypnenitroge dfem vaoxxeeh glow Witlhand with a

hen'r eact catmtgpETa Pl RO PR aPPEE R e ey dipo R (L 0T 21
| 15 B), 10-hydroxybenzo(h)quinolinato (), benzazoles (IiI), schiff bases (V), azoindoles
- (IV), chromone derivé.tives VD, 3-hydr0xy.ﬂavone (VID), and carboxylic acids such as
salicylato (VI[[) amino carboxylates ([X) and ester carboxylates (X). The substituents
including the R and X groups are typically halogen, alkyl, 'alkoxy,.haloalkyl,'cyano, '
amino, amido, sulfonyl, carbonyl, aryl or heteroaryl on the (hetqo)aroqatic rings which
20 may madify the emission ;:olour. The R groups in formulae V and X are typically alkyl
B | - oraryl. The alkyl groups are typicajly alkyl groups of 1 to 6 carbon atoms, especiaily 1
| | t0 4 carbon atoms such as methyl, ethyl, propyl and iautyl. The aryl groups are typically

: phcnjd groups.
The d-block metals form organome;sallic complexes Wlﬂl carbon or nitrogen
25 donors such as porphyrin, 2'—phenyl-py1;idin‘e; 2-thienylpyridine, benzo(h)quinoline, 2-
o phenylbenzoxazole, 2-phenylbenzothiazole or 2-pyridylthianaphthene and
.iminobenzenes. The (hetero)aromatic rings can be substituted for exarﬁplé as forthe R
“and X groups given above. Thc emission of d-block complexes can be either ligand -

. based or due to charge transfer. For the heavy d-block elements, strong spin-orbit




met hod, not all ligands have to have the reactive functi ontAggustigd5 and
thus this nethod 15 allows the attachment of dendrons to some but not all
of the ligands conplexed to the netal. A key property of the ggﬁgrons is to
i npart swmoiasesspr ocessibility to the netal conpl ex andPGHe% all ow t he
formati on of good quality thin filnms suitable for use in Ilight-emtting

di odes. The dendritic netal conplexes gy be honol eptic or contain nore
than one type 20 of dendritic ligand, as discussed above. Alternatively,
the netal conpl.ex ' : Blet talgs one, e.g. 2 or
3, dendriti %O%I"ﬁ%ﬂgogxgﬁ ﬁQE%%Sg%%én%ﬁP%%%gﬁoﬁgl | gands. For exanpl e,
with terbi ugphegiblegxcace)it i1s possible to have three dendritic |igands

termnating in a carboxyl ate ety faor .conpl exing t . _ plus one
or more. col i gan.oﬁ@ﬂ‘@@%ﬁ%?%}f%%%?%%m‘ﬁeégg 5] %Pg‘oﬁﬁ%tﬁgﬁﬁdﬂ al cation.

Sui tabl-e 25 n [ }&gﬂﬁ% fifnpasigasi.hr ol i ne,
bat hophenan?ﬂﬁ%&%ﬁ%}&%%@m py ?lggﬁé%%%?\;%ghenones, pyridine N- gxi de and

derivatiges of tHeme devbesdbasedoniphospharesdent dugtterpydieiptas hagre
dendritic phenyl pyridjne |i ds wth,the.thi i S fdeRsk ti
phenyl pyri d?’ﬁ-‘@oﬁé&‘f?dj.“eP‘itc"rt‘%ﬁg’ég’iu\f’,\%hﬁggertﬁctwﬁcﬁgmhgg@g%bgf dendritic |i gands

I s- suffici ShitelO ‘provide the required solution processing. In the case of
the dendritic nmefal 19 August 2005 WO 02/ 066552 PCT/ GBé)Z/bgl?BO -Sr}rfgn
R R o f

“conpl exes wher e Hhd dentimers gamisbuslit in HeomVEERTH OF HNEFERHTH T i on may

give rise to® g statistigcal, mxture of REfpandd¥nd thesé Ot
necessari | y“ﬂ‘#s’éﬂv%ﬂ gtlgﬁéhe P%@Pg?r%ga“%g%&ﬁﬁ%%ﬁal_, el ectronic, and
processiygg ReQR6fkédfly aft2hedfoithd metabéayion tafotrh the deadricafetplicpelefendron -
conplexes it is preferable that the noie i-es‘ﬁ%lohm %%ng)sgidactoﬁfé}nent poi nt
to metal ar ©ptibnallylethes npredendrifigligands fan syPseAReRHy NG 2eBREL Dif's. "IN t he case
of dendritig complexe G ' OfndtPha gdddplcah ®8todpledsdansheat | east
one shoul d %@%‘é@?fﬁ%}éﬂﬁi’&?&ﬁ#&g‘g é(#gvendron. reor]

n. The copjugated dendrons can

be conpri seghef ich, antitifitreaniéd with amx@ﬂatdi)yﬁesﬂ@ﬁhﬁ?ﬁéﬁ%qﬁp%%mg?r The

- surface groups and dendrites can be varied .sg.: L ARRS a3k mef@iubl e in
10 sol vent.sm@?@%ﬂ%@ﬂ’éﬂi‘éﬁé‘fet‘?a?‘fe%f%?hvgrﬁmgb%gﬁ%?g’alggﬁlents such as

met hanol .o Sujt | 19 Boraé BResSilNs thekguigommpléxeditothee.
Typi ca 1 ¢ HGTEHE stecinchith deitirtts 1690 |

_ koxy groups  have been used. ln:addifti t he
choi ce of demeiioA leggtaperiyof thad@ldgwrsubﬁod_ﬁlﬂmﬁﬁql‘ﬁwntﬂﬁ%cesﬁl@}‘ﬁ[a% iﬂber{%% bl ends
Wi th dendriner s, (O PRl SorShndh B3 IHEABA b foba gBAlly T84 fihs ARLES Wrake in
light-emitting diodes. '
The dendritic metal complexes may be homoleptic or contain more than one type

o

20 of dendritic ligand, as discussed above. Altematively, the metal complex may contain

one or preferably more than one, e.g. 2 or 3, dendritic ligands plus one or more non-

[N

dendritic ligands. For exarnple, with terbium complexes it is possible to have three
dendritic. ligands terminating in a carboxylate moiety for complexing to the metal plus _
‘one or more coligands to satisfy the co-ordination sphere of ‘;he metal cation, Suitable
25 - neutral co-ligands include 1,10-phenanthroline, ﬁathophenantbroline, 2,2"-bipyridyl,
benzophenones, pyridine N-oxide and derivatives of these. Also for iridium it is
 possible to have two dendritic phenylpyridine ligands with the third ligand a non-
. dendritic phenylpyridine ligaﬁd. It is desirable that the number of dendritic ligands is
* sufficient to provide the fequirg:d solution processing. In the case qf the dendritic metal




-certain duration and period (to

conpounds. I n one enbodi nent of the present invention therbgﬁﬁgl&tm@nd of a
15 phosphorescent dendri ner possessing an organonetallic core

dendr i merwats2eés55p0ssesses the same dendron type but a EH (‘é‘?‘@ﬂfmeore I'n
an enbodi ment, the organonetallic dendrinmer can be incorporated into a_
light emitting device as-either a honbpggpeous |ayer 20 or as a blend with
anot her dendriner (organic or organonetallic), polynmer or nolecul ar

conpound. | gﬁﬁgﬁﬁmﬁ&m% Rnd ViRl the ﬁlteth%aafrﬁfegaaﬁ@amm%@m@wf e of

a d- block orescent material being used as a honogenous |i ght
eni tting | apetatisticahmixtufedf alsoinpler types Thisdanet netrssaril disadvaplagenyior escent

organonetai is_den th a.fluorescent ssion
spect rum ma?r‘?}'é‘gﬂﬁﬂl ﬁ‘%toﬁE%q???&ﬂﬁc’ﬁwpfoéaﬁgﬂgﬁopepwglag% ?féaf)}w?q ﬁélg]ng A
device can hg.Qiriyed tﬁéfldﬁﬁmoﬁgﬂﬁeéfﬂis tpREH8rable thak thelresiblies f@xtﬂﬂuﬁ@ﬂlew th a

et her describing the drivin lé)etgquency)

Wthin the atehrentpenetomial are &th@wn@rmheveqy@ﬂ@rdan@%%taﬂ t dBCGISE on a

ti mescal e of si.m | ar, or S5 \GBudecay
lifetinme th@ﬁg‘?”r‘?émgﬁ?@g eﬁ?fqﬁgtﬁg ?ﬁ%gﬁa&gge senﬁtﬁ | ve %lq%‘ﬁe drivi ng
frequency. HesiRBRIRES co i @etron. The Etﬁﬁuga&dmleﬁ’d}oﬁs)mdaetchmpnsad dfa

advant ageous to blend the dendriner with a charge transporting material. 19

August ZOOSHUWMM%M@U@}W 13 In particular it has been
Loy or ant ot e PTRE e Blouds s D Gl BENSRE bk BNAE BéncRinktisnRd ilublEmf v al

and/ or el ectron anspor materla I'S ‘advant ageous. In further
enbodi mgmt  sdibentd) isivell Artolierice THA] wsthmmﬂdlmbmiicaohenambdz@ methaﬂOﬂ suitdlet her

enmbodi nent has one or nore.of each t e .of ._char.ge erial. 5
The or ganonfr&iq ﬁo@tﬂ’@rﬂﬂ?qe%ﬁ’%t"@g’l‘ﬂ‘ﬁ ‘E?r}g@"é"’flg’cf ]?‘Wf cﬁmgﬁ{k%%gmn a
convent | onal, RS Geea! fh dditioh! HPLtRe Jf QeHrorPhdirGafThee grbgfanaltbivitheng or

el ectrol um nesce%{lscfew ce can be forned froma light emtting I ayer
sandwi ched fdimbi@eor lemiseviticienddess (aganicasrganmetAlliGHpalymen i malesular

transparent to the emtted |i uch a device n. onventi onal
arr angerrentc‘ﬁﬂ?ﬁﬁn A% Ingp e@&ﬁ%ﬁ&?@ﬁﬁ“%’ﬁ%&?&?@%éﬁﬁ ailsgafmg%da[{f?‘anspar ent
el ect roq BH&gho Agh d&ﬂbﬂﬁdg%g]h%ﬁﬁe rgaidthetnliknsdte ahds derdeieer whicht hi s

pur pose th mat eri al's can used. Thus, typically, the
t r anspar ent pessrses the éamé dgndroni type np a difforgnt perae of gl ass al though ot her
transparent materials such as PET, can be used.

In an embodiment, the organometallic
dendrimer can be incorporated into a light cxﬁitting device as either a homogeneous layer
20 or as a blend with another dendrimer (organic or organometallic), polymér or molecular
compound. In one embodiment we show the first example that we are aware ofad-
block phosphoresccnt material being used as a homogenous light emlttmg layer in an
LED. We have also found that when a phosphorescent organometalhc dendrimer is
blended with a fluorescent host the emission spectrum may depend on the driving
25‘ frequency of electrical pulsing. A device can be driven by applying voltage (or current)
pulses with a certain duration and period (together desctibing the drivix_lg' frequency).
- Within the regime where the duration and/or period of the. pulses-are on a timescale of a
* similar order of magnitude to the phosphorescence decay lifetime then the emission
. spectrum may be sensitive to the driving frequency. 'In another embodiment, if has been
30 found that it is advantageous to blehd the dendrimer with a charge transporting material.




The anode, which is generally transparent, is preferably nHy8Uysb#G5di um
tin 15 oxide (ITO although other: simlar materials including indium
oxide/tin oxide, tin oxide/antinony, zinc oxidelalum nu gg%’zﬂo d platinum
can al so W2 Conducting pol ymers such as PAM (pol géﬂ g?ﬁor PEDOT -
can al so be used. The cathode is normally made of a | ow work function netal
or alloy -such as AI, Ca, My, Li, or MgAl or optionally wth an additional
| ayer of LIP. As is well known, 20 otherlayers nmay al so be present,

i ncl udi ng aphpdrolidrafsR®ed PMndMAEhE BeseABSIORY haldLir@lspetin® tndidraltsiardt | ng
material . When the dendriner is a phosphorescent emtter, it has been
found that materigl andforietegiren frgnspartieg meterinl is advaatpgeans.niy asimhes erabadimentct r on
transportin e '

cathote. 1 nopEiE e St QR Bl bl Mo AR Mpe bl 00,

~material  sUglrASE cabéll fype Bf eHathettBspottfiptmdtérial 25 emitted through the opposing
el ectrode. An advantage of the present invention is that_the |ayer

cont ai ni iy t he dEererearametaliic dradtimewsan bejincepmaied it 2B AEDEBAvent i onal
sol ution pr gg%
n

in i . i s .:;ﬂ.ﬂttin inting, and
di p-coating ¢y &%oél u'é"g‘%ﬁ?:aﬂ@%%bﬁ#&f@’ a%gll (Ezggllgggfrlﬂ ayeg.&I nI ag typi cal
o8 Aigust 200 D A L6005s POTT CECPTO07E0 0. cloctrode layer - the o
ugus - n e ode. e e
sol venéJ ev aPRVaTIEyo ehvfio m#ﬁg%ﬁb@éc?%‘%c}ﬂwgg%ﬁwmﬁ% Bl‘i"ﬁﬂnth%ﬁ@t‘t hi ckness
|s typicall {u QNRIR cAR BRI civaliRhatindnt@iiht boARistANFnsgiRe subkedter abl y

30- [ 20nm. tenth aspect of the invention provides a process for producing
a dendr i Ifer lager, a ttedspaedt électtofielagérka Hekispéiting laynt ad apaglededrodonfrithiss: (a)

roviding a core form ng, a,conpl ex ween .a al ' WO or
Irom re coo ? di H‘&??St‘fdg%ﬁt?ﬂi%ga mgtfmfl%‘é%‘tq’et%é? g]:huﬁ,ﬁcgp 1§ gﬁ‘d? {hﬁ Fgé% ?eg%§ ra%l%éé a
reactive fupgldioRpidally maas ef 1k alth@hiot@r iciGpaehitmittritss fcioas REET] cah bd two or

nor e dendronS which have . been functionali sed.t o render themreactive
t owards theugedactive functionalities present in the core, at |east one of

L1 0501 015 D! 58, ¢ SADMEL e A ShAARR 58RI had i Bt 01
15 oxide (ITO) although other similar materials including indivm oxide/tin oxide, tin
oxide/antimony, zinc oxide/aluminum, gold and platinum can also be used. Conducting
polymers su-ch as PANI (polyanﬂinet)-or PEDOT can also be used.
| The cathode is normally made of a low work fun&tion metal or alloy such as Al,
' Ca, Mg, Li, or MgAl or optionally with an additional layer of LiF. Asis well known,
20 other’layers may also be pre;sent, including a hole transporting material and/or an

- electron transporting material. When the dendrimer is a phosphorescent emitier, it has )
been found that it is -parti_cularly beneficial t6 have a hc;le-blockinglelectron-transporting -
- layer between the light emitting dendrimer layer and the cathode, In an alternative
- configuration, the éubstrate may be an opaque material such as silicon and the light is
25  emitted through the opposing electrode. , '
-An advantage of the present mveﬁﬁon is that the layer co_nteﬁning the dendrimer
can be deposited from solution. Conventional solution processing tecbniciues such as
‘ lspin'coating, printing, and diﬁ-coating can be used to deposit the dendrimer layer. Ina
typical device a solution c;c?ntaining the dendrimer is applied over the transparent




dendrimer as defined in the sixth aspect, which process cohHhhuguss2005,)
attaching a coordinating group to each of two or nore dendrons, and (b)
form ng a conpl ex between the coordinating groups and a _netal cation which
i s opti o8P PIEFRded to one or nore |igands which remai FGFPRBEY P esul ting
conpl ex. A twelfth aspect of the invention provides a process for producing
a dendriner as defined in the sixth aspgct, which process conprises: (a)
~attaching a coordinating group to each of two or nore dendrons; (b)

formng a ceegtdax Iég@i,mweh@evamﬁte%%amﬂﬁ@qﬁ&tﬁﬁmapﬂmahhe%! on; and.
(c) optionally further treating said conplex with one or nore_ additional
coor di nat i niidkinessatieypically honm wel@0Pnragpelerablf lesstban 2i0am; mere prefsvablied-an
organic i gﬁoﬁm tting device - conprising a honogeneous |ight emtting

| ayer whereln said light emtting |layer conprises a d-block phosphorescent
-material. 1 9 August 2005 14a A fourteenth aspect of the invention provides
an organic light emtting device canprising a light em¢tting |ayer

sandwi ched bétigEERsReRt effBe évapipnpreddessuRrosdse s produsing @ depgHRerasi t t i ng

layer coumfeli$ffhe AxaPIspid Wit Re6SSesnpRE@l conpl ex. A fifteenth aspect of
t he invention provides. a phosghor escent conmpound conprising a conplex of

formula (1V): @ X-FGEIme COpmaY STring § sompley befteerna aietal Ratfon i ¥R are the
same or different,qigoR &Qﬁi’iﬂﬁ%?&x\%ﬁ,_zﬁﬁ%ﬁ% @f‘%@%ﬁdgrﬁuépsswéaﬂh abond to a

reactive functional group, each ich may be the sane or different, is
a coor'di nati ng gr oggctivg funstigmalitheader and r is 0 or an integer, the sum of

(a.q) + (b.r)abei ual to the number. of coordination sites available on
M  wherein a(b?s t 88%1@88?”5#“@5%‘?‘%3%91 i %HOé%dWH“{nk&"melaV% is the
nunber of coor di reen ofunstidnelsedntoY rerics i thtme rdabtivs pewirdofthé headtiveent i on
prov des. fac- (2- PHERYl Ul MekiPhiohE b3, ot RSBRNS b ALk B! 71 9 U

conjugated.

An eleventh aspect of the invention provides a process for producing a

dendrimer as defined in the sixth aspect, which process comprises:

(a)  attaching a coordinating group to each of two or more dendrons, and
(b)  forming a complex between the coordinating groups and a metal cation
which is optionally bonded to one or more ligands which remain in the

. resulting complex.

A twelfth aspect of the invention provides a process for producing a dendrimer
as defined in the sixth aspect, which process comprisés: ’
| n (a) attaching a coordinating group to each of two or more dendrons;
(b) forming a complex between the coordinating groups and a metal
c;ation;
and _
() optionally ﬁlﬂher treating said complex with one or more

additional coordinating ligands.

A thirteenth aspect of the invention provides an organic' light emitting device
comprising a homogeneous light emitting layer wherein said light emitting layer

- comprises a d-block phosphorescent material. *




The invention will be described in the Exanpl es which fol | bhAugist B005
reference to the acconpanying drawi ngs wherein: Figure 1 shows

coordinating groups for di- or tri-valdAe netals; Figure 2 shows the
structure of first generation |anthanide dendriners; Figure 3 shows a

reacti on shene or S nthe5| of. first ration 1-aryl i i gands;
Figure 4 shows FSBEFLO I]iléerﬁ?v?‘ﬁroné\? Srorgime 1 fignt e%}/l&mg dick ! 9
tris[2- (:&h})mﬁg Qh@ﬁd drfittigURYyer SdnkiwiSHRAMcavcen ah @b mdsheuodevehesdin uct ur e of
Fac tris[2-(4 -phenyl )pyridineliridiwn (I11) | ex; Figure 6 shows
the stroudlight fmﬂmaéaypr?cs*gpzwe%am&ﬂ%?ﬁﬁﬁt)eﬂmtﬂPﬂ@;P% dium (I'11) conpl ex:
Figure 7 shows the structure of Pt GL porphyrin dendriner; Figure 8 shows

the structure of Pt &-porphyrin dendriner; 19 August 2005 i 4b Fi gure 9
shows struct s eﬁﬁcﬂnﬂDesm:pﬁ nérthmxraznnhcmenmwdqrer apphosplrirepgent A@OMBYS fi | m

- absorption sgnectra xén imer films (A, B and 12); Figure 11 shows
| uni nes E&HER ’i‘ﬁa?cfnll er A and B doped with guest dendriner 12
~in both EL and PL, a) BI end A 12 PL excited at 320 urn (..... ), PL excited

at 420 urn () and EL Mﬁ&% f B: 12. PL excited at 320 urn
(cvvvnn. ), PL ex0|ted at 4 9?) and EL ( ); Figure 12 shows EL spectra
of host (B), guest 10 and bl ends under different operating conditions.

Neat host emi ssion neat;gaﬁuest em ssion (b), 200 nm bl ergd devi ce pul sed
(c), 20mh¢mm%mwa@mnc@acbt[ yhielhpee thesamgor whfferping 8coPURaiRGady st at e

e ure 14
S ¢ UK AeBROUPihIE b APEEE ARG LR SadOe ek a0 13
Figure fh ssxhemsdx&‘ereaama mr&ndttmg@rmpr, qtihan mngt:!rmldl rds §for ah intgget,ghs/) 2
btpir(T end sho read synt hesi s
of tri c%ﬂ‘%Sﬁg‘T& 7(1 (ge) g VYfSeﬁﬁfr?ﬁ% ﬁ%enyf%ﬂ%e%y }
phenant fhekinng hﬂ@ldﬁﬂﬁbeﬂ%f%t@ﬁtﬁhatﬁﬁOEtesVﬂ QXI]OGﬁBSJZ P GROEBAI06750 - 15

Figure 17 shows a reaction scheme for the synthesis of the second
gener at geeidination sites on Y.

A sixteenth aspect of the invention provides fac-(2-phenylpyridine)-bis[2-(3’-
bromophenyl)pyridine] iridium (IIT).

The invention will be described in the Examples which follow, with reference to
the accompanymg drawings wherein:
Figure 1 shows coordinating groups for di- or tn-valent metals;
Figure 2 shows the structure of first generation lanthanide dendrimers; ‘
Figure 3 shows a reaction sheme for synthesis of first generation 1-arylpyridine ligands;
Figure 4 shows a reaction scheme for synthes15 of tns[2-(Ar)pyndmc]1nd1um §11)}
complex;
Figure 5 shows the structure of Fac tris[2-(4’-G1-phenyDpyridineliridium ({II) complex;’
Figure 6 shows the structure of Fac tris[2~(3’-G1-phenyD)pyridine]iridium (1II) complex;
Figure 7 shows the suucﬁne of Pt G1-porphyrin dendrimer;
Figure 8 shows the siructurg _o_f Pt G2-porphyrin dendrimer;



aryl pyridine ligands. Figure 18 shows a reaction schene fof9 Atgust2Gidhesi s
of tris(4-{3",6"-di[4-(2" "- ethyl hexyl oxy)phenyl) carbaxol yl } phenyl)am ne.
5 Reference Exanple | GO Br (RI) 4-(214bEt hyl hexyl oxy) phenyl hrom de Sodi um
hydri de (60% di spersion in oil, 17.4 g, 435 mvl) was added in portions to
a 10 cold (ice-bath) solution of 4-bronopheaiol (49.0 g, 283 mmol) in dry
‘DMF (780 cnB). The mixture was stirred at that tenperature for 2 h and the
i ce bath. M/asagmrﬁmmsamc@mswfnenﬁrmﬂz&@xd@qnﬁwrﬁr oni de (54.4 cnB, 306

mml) in 15 f dr ition funnel
to the reac |‘%’ﬁ M%F?r\ﬁ@msg@&%%ﬁgﬁgﬂ& |rreg at rool?ng‘?errper ature
ovgr ni ﬁht E éz)%%ﬁa }T% QHWsﬂﬂﬁlﬂeﬁ&ﬂdehdflﬁXﬁlslﬁfGiemehAanéB dapedwitlbgwest erJ (400 crrB)
and et her c two phases were ar at s | ayer
ext r act d w@M@%é&%b@%@%@ﬁ@ﬁ%ﬁ%ﬁ& p ﬁ?f%&hfﬂo@qﬁﬁﬁ?‘ﬁe et her
extracts —wefg, g'sate —én h %)%I%d'\@ﬁoﬁz bl lkaitadt apsnhie. Hi Pt rate was

col'l ected and evap uced pressure to | eave yel iow oil.
~ Col um chromxteglaa&%m(@ranﬂlﬂu(ea—g;el (hal f armount each tinme) with |ight

trol | uent d d R A | ‘
o0 o) Sk T o toresear b3 oo A0S b ReRyf b HikERptelng
CDCl 3) 0. 83 %c@tgonggl\f(é%t HBst d¥eiksionl(aP ek gﬁzst ERiskloni(R), 260Hah blehd ﬁ&ﬂde ﬁgse(il H,
i n, \ an

7. 33 7. 40 (ec)mﬂunm blﬁmﬂ-l)icwcm*{aﬂﬂﬁtim(d-}zl50@!)(11191}‘14év1°‘31$ag}f Stzts (@ 23.8, 29.1,

30. 4, 39 3, /0.7, 1 .25 Reference Exanple 2 ..
GOSnBu3 (jogui l%owﬁfﬂf]ﬁ( é?c’fldenﬁngﬂ}?gm?jﬁl ’bu | s#arin | benzene 19
August 2005FM&6@55&ﬁ@ﬂe@ﬁﬁbﬂm&&paﬂeﬁta'&rﬁmsmmlofmﬂdm(enw M 21.7

cnB, 36.8 was added slowly over. 10 nmin to_ a
F1gure 15 shows a reaction schgme for the synthesis of the (8? py); biplr(IID)

dendrimer.

Figure 16 shows a reaction scheme for the synthesis of tricarbonyl-chloro-{3,5-[4’-(2"-
ethylhexyloxy)phenyljphenyl} phenanthroline thenium.




(dry-ice/acetone bath) solution of GO-Br Rl (7.00 g, 24.5 ¥&/Awgust 20054 cnB
of ether under argon atnosphere. The m xture was stirred at -78 Cfor 2 h
and tri-n-butyl tin chloride (10 cnB, 36.8 nmpbl) was added gpgﬁ)égse over 5
mn to thWOfRREE%, which was 5 stirred at -78 C-for | *HU bei ng
renmoved fromthe dry-ice/acetone bath. The m xture was stirred at room
tenperature for a further 3 h before begfig quenched with 10% of NHAC~. O
(20 cnB). The aqueous | ayer was separated and extracted with DCM (2 x 10

cnB). The dgﬁ%ﬂx ﬁ@ﬁ%&eﬁé?&:@ﬁé@nﬁi&ﬁs bh@e S4cbRd ghRFatib®D- Wer e then
dried (MS and filtered. The solvents were renoved conpletely.

Kugol r ohr dlasﬂpjrichmhgmd,ﬂ rermved the excess tri-n-butyl tin chloride to
| eave 12.0 99 a_li g2 Q2L B) ddi N 277
(sl dnBnol - %ﬁé‘" 6‘3‘0"%{8“ 8%“#? %8%‘%5%%’6‘?458 bﬂ%@‘@[@ﬁ@‘ 6?81-1.09 (15 H,

mNE,lZﬂ.%,,nﬁ,;q, BlyR phbfiyahi®? (2 H m ArOCH2), 6.91 2 H,
m Ar?—|), and 36 b?:})hbnyﬂ}bar%my@ eferen((:e Exanpl e 3 Gl) CHO(R3§ 35

Di[4'-(2"5et hyl hexyl oxy) nhenyUbenzaI dehyde Method 1: A m xture of R2 (8.50

g, 17.2 mmol 3, 5-gi  brogobenzal dehyde (1. 18 ¢,4.47 mol ), 20 Cut (790
ng, 4.15 m#%i—ﬁ%ﬁ—ﬂﬁ%g—ﬁgrl phenyl phosphi ne) pall adium (0) (790 ng, 0.684
mol ) and 2@GEeRB@rf) distilled triethylam ne was heated at reflux for 14 h
‘under argon.” The reacltlon mxtur was allowed to cool and then filtered

t hrough a plédg-Birykieks phenylbromides DCM as el uent. The filtrate was

col lect ed agalipnaslile @&@gﬂg&moﬁ B4 4 ol ATRAY Al ekidn poribmp vl | ow

oil. The resi y col um hronatography over 25 sjlica

usi ng et iyl cﬁItHioﬁtt&tﬂ)lsgﬂhﬁommehrbmuphe@@l (@90, 283 Winobdgn dryBMF (70 \)e R3 as &

| | | 1.91 . 839 2C12 /
S o oo e e WaSSRRA M torsaresiue e B al B8 hc(e?f@%q‘e%w"’Rz)%H y/nm
CDCLE) 0, 85yl of A ks ToroMed (5.4 307 506 Tuhdi§irtL S0rom* GE@ly, IMP 3w, 84 (2 H, .

m 1 9 August 2005 VO 02/ 066552_PCT/ %&9100750 -17-
Ar OCH2) 7 @dd¢dqdrepmthmug)aanzdcbgox( funnel to the regetipn mixtyg TeaCUoNRs  4ng

1073511 Xy bl i et o i, 0.5
m z [ CL( ki3 ) at&3foq Nﬂ) aﬁd-éther)(SO(BdtﬁF) The two phases were separated. The aqueous layer
was extracted with ether (3 x.300 cm?) and the organic portion and the ether extracts
were dried over anhydrous Mgé‘,04, filtered and the filtrate was collected and evaporated
under reduced pressure to leave yellow oil. Colqmn chromatography over silica gel (half
amoint cach tirme) with light petroleum as eluent afforded RL(54.1 g, 67%) as
" 20 colouress oil; A (CH,CL)/nm 284 (s/dm’mol"lcrr 1251), and 291sh (1001); 84(400
MHz; CDCL) 0.83-0.97 (6 H, m, Me), 1:30-1.57 (8 H, m, CH,), 1.68-1:79 (1 H,m, CH), . ]
' 3.78-3.84 (2 H, m, AtTOCHj), 6.74-6.80 (2 H, m, ArH), and 7.33-7.40 (2 H, m, ArH);
3e(1 GO'Nﬁ{z; CDCly) 11.1, 14.1,23.0, 23.8, 29.1, 30.4, 39.3, 70.7, 112.4, 116.3, 132.1,
and 158.5. '
25
Reference Example2
GO0-SuBu; (R2)
1-(; 2'-Ethv1hexvloxﬂ-4—( tﬂ-n—buty_] zlbenzene '




515 (Mt). 5 Method 2: A nmixture of O (213 ng, 0.851 nmol), 1BAggust 2005

br onobenzal dehyde (98 ng,- 0.370 | M)1), tetral ds(tri phenyl phosphi ne)

pal | adi um (0 30 nmg, 0.026 nmml), 2 M Na2C33( J (0.5 (0.5 cnB)
and tol u@‘ﬁbm%"f‘.gsfzcnﬁ) was degassed and heated at reflexlg‘(a@\nb%ﬁo%g bat h
tenperature of 96 C) under argon for 18 h. The m xture was allowed to-cool.
Water (4 cnB) and ether (5 cnB) were adiied to the m xture. The two phases
were separated. The aqueous layer was extracted with ether (3 x 5 cnB).

- The or gani crdrapety] hihiimi (167 ¥, DRV cmé) 36t Smtns])wess eddedrshiwip dverifl mintedicader
anhydrous magnesium sul fate and filtered, The

| ] | et el
renoved. THEiss{agetensfeth) solufion efGHPrddl (Y &zﬁ??ﬁﬁﬁﬁ% %gg@‘ggr ets?al iyca

el using | .80, ) 0 . ) 0ot o
gel 15119 Ll o kit 18 B O AR RN O100 Ynd 0t 8%
- 4- (2" - Et hy| drforsdeqs ¢ bnh@6)8 danob) was addeddrdevise dyet § fuit fotthe mintyre, whivk wes. 0 cni

112 mol ) was added care ly. to a col dry- icelacetone.bath) solution

of G4 BrSRIstizgdat if8 PEIMVHSH@@G’@"E Wﬁﬁm&?@ﬁ ne%ﬂ&" Rder. an argon

at nosphere._: ' | | o/ &b dagliedtwith net hyl
p ‘E‘I@'ﬁﬁ ,%%gq@d mtlﬁ}ﬂ&g{ge%xerorafﬁr&rfswbeio %gg y

(

borate (57. nmo added slowy to the m xture. The
reacti on 25i0%ef NE,CE,g@0tmY) 7Ehe@qhmus hyhr wesf sspasatedand-ryradadbvith BGM ¢ t he

dry-icel acet gne . . 1he 1, Xt U s_t hen | I el : ature for
further 2. & 10 Geort ighlmgmiztint faal gl it pifinh SRIB e, 11

| ayer s’ wer eRFEs ahd Hiterdd Tha GH10QHSwhRY oW ToRletolt Kagolotr isBIMi(3 x 30
cnB). The organic l'ayer and the DCM gxtracts.were%ib? ust 2 (25 WO
021066552 ReToGBUEERREOII-HBuybimtHeddetadeae 128 8d9EP) %Frﬂdéggl Felifvesi um
sul fate, filtere he_.sol vent s _wer CcO t.e . fgﬁﬂ? icdiivcat i on
by col um &%&n@?%%ﬂ%f%“%ﬁ F’dﬁg??lclﬁmggg%@%ﬁgf @/éw’ gg@gfat e’ ﬁﬁgcfﬁ)

petrol eum (dadQ)o @96, b &), &LV .8 ﬁeze;t%}Arﬁ,écﬁl%&(cﬁ{),l?m (AE3h, AOCHDEAS1 gave

two maj or bands; |I'ess’ pol af’ conpound ) g as a colourless oil; 8a(200
MHZ; 5 CDCL2)H,Gn8A:), afl 178 @ Hm, Agd, - 1.22-1.62 (8 H, in, CH2)11.68-1.88
(1 H in, CH, 3.91 ‘ _ :

15 | Reference Example 3

 G1-CHO (R3)
3.5-Di[4'{ 2"-ethylheg_ loxy)phenyl]benzaldehyde
Method 1: '

A mixture of R2 (8.50 g, 17.2 mmol), 3,5~di—br_omobenzaildchydc (1.18 g,'_4747 mmol),
20  Cul (790 mg, 4.15 mmiol), tetrakis(triphenylphosphine) palladium (0) (790 mg, 0.684 -
mmol) and 20 cxa® of distilled triethylamine was heated at reflux for 14 hunder argon,
The reaction mixture was allowed to cool and then. filtered through a plug of silica gel
ﬁsing' DCM as eluent. The filtrate was collected and the solvent was completely removed
to yield a brown yellow oil. The residue was purified by column chromatography over
25  silica using ethyl acetate-light petroleum (0:1 to 1:10) as eluent to giveR3asa
colourless il (1.91 g, 83%); Voo dem™? (neat) 1700 (C=0); l,m(CHZ'CIZ)/gm 247
(s/dm’fnol"cm" 22406), .:274 (27554), and 339sh (1817); 6,(400 MHz; CDCl,) 0.88-1.01
(12H, m, Me), 1.30-1.61 (16 H, m, CHy), 1.73-1.84 (2 H, m, CH), 394 (4H, m, '




(2 H m AOCH2), 6.98 (2 H m AH, and 7.77 (2 H, in, A MIuhdlQeore
polar . conpound 1 a triner 4B, 8.40 g as a colourless oil; Sn(200 MHz;
_CDCIS) 0.85-1.07 (6 HL m M), 1.30-1.64 (8 H, in, CH2),1.70-1.90 (1 H,
in, woddess2H m ArOCH2), 7.03 (2, m ArH), and BCUGBEAOMS in, ArH).
"10 Note ei ther conpound 4A or 4B can be used in the reaction to formthe
‘next generation dendrons. In either caf_g of 4A or O being a diner the
nunber of protons in the "H NW shoul d*tie considered as a ratio. Reference

Example 5 15 GL-Br (R5) 3,5-Di c2 rom de A
m xt ur e. of tﬁ#@%}grﬂ4&4§’)3f”dp‘&@a7#2 agm’é.{ﬁisq9%1{;3’%ﬁga§dttc6‘iq%kloﬁb%enzene
(4.53 g, t r i I i 1.16 g,
100 ol ) Rl RN, 5?%@%%?&%@%%% It %) e
degassed andapeatz,as1.8q3raf t42a,0186 meaamsimmemn&mmmﬂ, a)d under
argon for 22 h. The m xture was al.loned to cool. Water (20 cnB) and et her
(30 cnB) wersé3 @Mdkd to the nixture. The two phases were separated. The
aqueous Iglyer was-extracted with ether. (3 x 20 cnB). The organic |ayer and

‘the ether”extracts were conbined and dried over anhydrous magnesi um sul fate
and filteredgeflhiE2:sol vents were conpletely renoved. The residue was

(60- fsl();%) :ésaéis&%lo“g“gtcﬁf££%@58w8k\¥ﬂ¥ﬁwﬁ' mpbsia s sk, 080, Fetzég'g 23?
1 1007
O A e By SR (RO SO SO TSR 207

-19 Me 4 H
in, Ar )OCHZ) (. S@rr@EE((K—IEOSnm’)aAMQIuenE (thwmsdm%wﬂﬁy&h%ﬁwarr@m@@ (

A 566 ddi t:

A1) o MRS oS08 0 e R e B o er
CDCL3) 0. 825 354 cﬁi) aﬂ'x&%thliii (S'ci.h’) W&):added%thk nﬁiﬂi&?zthtwu phase@l‘@)e separA@d. 1. 83 (3
H m CH, H m ArOCH), 7.01 (6 H .62 (8, H.m ArB),
and  7.65 (maq@eouswgr wagrEtomacyith etbg 13 {ifi\PM 5“16 ?f@'ﬁ% e &heTey  (Ro)
10 - Tort-b t | th g_;'%ﬁ, (€51 77X | d
(dry- |g(ra/ac§ éswlwﬁrglt &%%?Zt{%ﬁgo?eary gu e RS (1. 8212Iﬂ , S%gh?rrrglo) in
18 cnB of anbyeitswerelompletely removed. The residue was punﬁed by column chromatography

15 over silica gel using light petroleum (60-80 °C) as eluent to give 172 mg (90%) of & as

a colourless oil.

.gefefence Example4
- GO-B(X), _ )
20  4-(2-Ethylhexvloxy)phenylboronic acid

Tert-butyl Jithium (1.7 M, 6.0 cn?, 112 mmol) was added carefully to a cold (dry-
- ‘icefacetone bath) solution of G0-Br R1 (20.0 g, 70.1 mmol) in 300 cm’ of anhydrous
_ THF under an argon atmosphere. Thie mixture was stirred at -78 °C for L hand then tri-
~ methyl borate (57.2 cm?, 421 mmol) was added slowly to the cold mixhue. The reacﬁgn '
25 was stirred at -78 °C for 2 h before being removed from the dry-ice/acetone bath. The
mixture was then stirred at room temperature for further 2. 5 h before bemg quenched
i with 3 M HCly,y (30 cm®). The two layers were separated The aqueons layer was
: extracted with DCM (3 x 30 crn"') The organic layer and the DCM extracts were




under argon atnosphere. The reaction mxture, changing to t feayst 288di sh
browmn was stirred at -78 Cfor 1 h. Tri-n-butyl borate (5.2 cnB, 19.3

mol ) vvaswgqf}gégssil owy to the mxture and the reactionpppepsimdEed at -78
C for 1 h"before being renoved fromthe dry 15 ice/ acetone bath. The

m xture was then stirred at roomtenperature for further 3.5 h. before

“ bei ng quenched with 3 MHO (7 cnB). Th¥-two | ayers were separated. The
aqueous | ayer was extracted with DCM (3 x 5 cnB). The organjc | ayer and the

DCM  ext r ac cembiaedandrdried oyaeanhydipnsonagmesivm gadaie. fiicemd and he salvguisiWerer ed.  The

| vent Letelyols Purificati i p i
Sohyl acet aemplEBEEh R PRARBNELy bilikh ik ) opls lifed bR 15 1O
as el uent gayatdlioR petrbR6H(1:00), Rd then ethyekenkBEH (0illto 1Bhes sitentghwr e of R6

has not been fully determ ned however can be- used to form higher.
gener ati on temoeionbarids; lessqolar eeropayind 4d., 644 s aweloumses gil] (200 N Cam

(6" So hy 6088 AR RN B R bl S R RS 300
- mol ) and jo ﬁ[ﬁngﬁ)@qgmbg(ﬁ{, Iﬁ,%;g, a8,7. 97 @34, Iﬁ,g,?lx—?; and sty pblet r ahydr of ur an

(15 nl) and heated at reflux for approxi mately h under argon and then
t he sol vent covagound iaateither 8,84 00g awtdbamiessidil; AG08 MI20 GHCHO.8521.06 6582

o5 v o TR A L R b,
filtered, apdgtheasd v&eis 1§ 0@ _leave a yellow solid. The residue was

difficul.t to purify’by colufm chronttography over silica. Wen a
di chl oronet hane/light petroleum m xture (1.5:3.5 to 2:3) was used as el uent

a 5 smeld  Aatsusitheo tompausd dAt asdBxan b ured indhe reaetiondefqrridle vyl generion

remaining inpuyre nptenial (226 iadi ,-,mg@lr wer e

di ssol ved iﬁg’f‘%‘l”ﬁgﬁ’ .”?’g?ﬁs%c' il g?’ggag?géfe%%%zbfeg?f@g%. heI)IsoI vent
was renovedyaesHohR Beaohsidaedis d fdrod by col umm  _pmat ography over silica
-using a dichloromethane/light petroléummxture (1.5:3.5 to 2:3) as eluent.
The main fraction was coll ected and the solvent renoved. The residue 10
was conbined with the first fraction of pure material to give 21 (268 ng,
63%, np 26ﬁ‘efe¥éi17ce§xa%_@5 Cal cd for C594H687N. C, 91.0, H, 8.8; N, 0.2.
Found: 90.67 H 9.3, N nil. vm(KBr disk)/cm: 958 (C=C-H trans). X
(CH2d 2)¥I5nnGI2BA (RFog s/ drn3nol ' 'cri'  5.52), 323 (6.08), 334sh (6.04) and
424 (5.16). 6H(400 MHz; CDCl13): 1.40 (432 H, s, t-

3.5-Di[4'-(2"-ethylhexyloxy)phenyl]pheny] bromide

- A mixture of the boronic acid 4B (7.9 Og, 31.6 mmol), 1,3,5-fribromobenzene (4.53 g, '
14.4 mmol), teh‘élds(triphenylphqsphinc) palladium (0) (1.16 g, 1.00 mmol), 2 M
Na,COy4y (15 cm’), Etd_H (15 cm®) and toluene (43 cm®) was degassed and heated at |

20  reflux (with bath temperature of 101 °C) under argon for 22 h. The mixture was allowed
to codl. Water (20 cm®) and ether .(30 cm’) were added to the mixture. The two phases
were separated. The aqueous layer was extracted with ether (3 x 20 cm®). The organic
iayer and the ether extracts were combined and dried over anhydrous mﬁgnesium sulfate .
and filtered. The solvents were completely removed. The residue was purified by -

.25  column chromatography oversilica gel using light petroleum. (60-30 °C) as eluent to
- give6.04 g (74%5 of RS as a colourless oil; §;y(200 MHz; CDCl;) 0.82-1.02 (12 g, m, _




Bu), 7.03-7.37 (96H, cv H, G 1 vinyl H G2 vinyl Hand G 319August 2§05 7, 17
and 7.50 15 (12 H AA'BB:, cp 11), 7.39 (24 H, dd, J= 1.5, sp H), 7.45 (48
H .d, J=1.5, sp H, 7.59 and 7.63 (12 HL AABB,. cp H, 7.65-7.77 (63 H,
bp H . Mgothssdh): 7839.4 (& 1001x). GPC..14., = 1.0 DCIGBOZNGTOLV. ~ = 8.8
x 103. Exanple | 20 G -COON (1) 3 5-Di 14'-(2"-ethyl hexyl oxyl nhenyl | benzoi c
aci d Di chl oronet hane (DCM (0.8 crrB) S?sol ution of the al dehyde of

Ref erence Exanple 3( 3 5-di 4'- 2"~ et ilfhex to hen 1 benzal deh de (515 ny,

ol) ver b MG g0eH Bapi GHag- f’qﬁ s oo 2 R BB e B I Gnon (474
mg, 3.00 mmpl, béﬁpggﬂ*&@? gfm EPQ.IH}”“EH&MQ@HOS,%H%@WG 566T(M" mxture

was then stirr 0’m n”and t hen room rature
anot her 16 tnéxeﬁtﬁm?%@mg@ﬁqymﬂ—subsnhnatmmuaftm qomﬂdarsoplswyas The

g‘ciﬁ,i ate ?"5‘%83?%?%8&" > GBbabebd A krnehio b %@cﬁ”gg”éﬁ*aﬂﬁf@ ?K'ed
T,
esi due viag LBIND £ B GO 200 e B SRR P R R AR 2 GG Rp

acet ate- DChlgageH,s, m{)gm(qukcﬁ]sﬂz@m’r)O 0l1) - as eluent to give 458 ng (86%
of 1 as a yellowish solid; np 105 C (Found C, 79.2;-K 8.7. C35H4604

requires C, 79.2; If, 8.7 % 5 vmbm' (neat) 1687 (C—O) 7 (CHA 2)/ nm

231 (s/dnB co Fda8dd 6 271 (42017), and 327 (3096); Sn(400 MHz; CDCl3)
090103(%‘135163(16HrnCH2)177186(2HmCH)
393(4H" &Hz), 7.04 (4 H m AH, 7.63( 4 H in, ArH), 798(1

o i S R G it

128. 2, 130. 3 @ 1§ &ih{ of-4RhydrousITHIVNHA +) | d
531 Exarrpl bat@%&ﬁ%ﬁbr%&#oﬁﬁﬁang Domf-g get%‘ég%l a hen 1) o

benzoate A miderargoncim@phaeFheraactiomwixtveg, chongjngt
EU(0A0): 3H0 (70 £ 0.9 har, GALAANS) 0o Tmd) o LASBD i 5 <1

of chl or obeR2E
mixture and the reaction was stirred at ~78 “C for 1 h before being removed from the dry-

15 ice/acetone bath. The mixture was then stirred at room temperature for further 3.5 h'
before being quenched with 3 M HCly, (7 em?). The two layers were separated. The
~ aqueous layer was extracted with DCM (3 x 5 cm %), The organic layer and the DCM
. extracts were dried over anhydrous magnesium sulfate and filtered. The solvents were
completely removed. Purification on silica gel column using ethyl acetate-light
20  petroleum (1 :lb), and then ethyl acetate-DCM (i:4) as eluent gave 1.63 g (96%) of R6 |
as a colourless oil. The structure of R6 has not been fully détem’:ined however can be 3

" used to form higher generation dendrons in excellent yield.

Reference Example 7 - |G-3|3N {Compound A in Figure 9!

- 25 Potassmm tert-butoxide (122 mg, 1.09 mmol) was added to a solution of [G-3}-
" Phosphonate Reference Example 7A (551 mg, 0.218 mmol) and Reference Example 8
|(34.6 mg, 0.054 mmol) in dry tetrahydrofuran (15 mL}) and heated-z_lt reflux for |
approximately 21.5 h under argon and then the solvent was removed. Dichloromethane .




(bath tenperature 70-75T) under reduced pressure (water asP fAugust3005The
solvent was renoved slowy over 1.5 h and the resi due was evaporated under
vacuumto |l eave a pale 20 yellow oil. The oil was then triturate with MeCOH
- to leave g, %&@ ,yellow solid. The solid was then driegcpegozswasuum (0.5
nmbar overnight) to give 552 ng (100% of a'yellow sh solid of europium
conplex (Found: C, 71.7; H 7.9. for CLO5H13SEuUOLl2 requires C, 72.4; H,
7.8 % for 005H137Eu0‘3 requires C, 7#0:; H 79 % 2" Jnm(thln film 268,
and 328. 25 Exanple 3 @ _CO CD Terbium3 5-Di_ 4'- 2"-eth. th Eenl
benzoat e 19(5Rugfuswaszdded W@%%@BB@W@#Z@@DW@B‘@QW) BEPE (0 -of

A -000H (1) 0Q0. 0.94 Totl C, 0.5
mbar overni :)“%Egg%err?ﬁgy %9?13%“1%%%%%5 1t JF&%QM oﬁkgg‘:’efﬁé@eﬁas heat ed
(bat h t enpeyatow iid %e@ud%&ﬁﬂiﬁ:ﬂdt&ﬁﬁfpbﬁ&ﬂmc]immlamlgmph]oovmsﬂm)w. Mbst

- of the solvent was slowy renoved over

g resi dye dried
under vacuuihena dickloyemehanedightpgolq “W‘P’e(}ﬁ% & ¥ M@s P‘?‘?aﬁsmﬁﬁttﬂ' ate with
MeOH t | d

IR0 1 Lol B S S5 P St afaacer vcuum

“yellow sh solid of the
desired ter iamaﬂalc(em ﬁevg) ﬁ1c(1Edmel (17 1, OA. rﬁmomwefe dssolved irGobrng GHmbeEngd
requires C,_72.1; H, for C; o5Ht 37Tb0éaeé§%wr

C.-7 7.8 9 ;
?/nm (thin lﬂaneﬁ)atE’ﬂGx f%Frﬁzlz Sthe selyertwps refpo F%s“ﬁ%rp"flﬁ%&%bdijm?at i orf) of

I d ] 11%:3 333 5t
our o:o?tajlrr; io%‘g“ e %‘}"P Sﬁﬁ%ﬁ%‘% &iéﬁgr°mm§ﬁgh§|pg€‘%lf‘g§lm%o L 0, 003

mrol , ) and 23Pasaiidat. mmm%mgvaspoliwtsbdfaoi the golyent W@O‘Qﬁdv@eares ue
cl ear/ honogene 5 The ol uti on, yas cot ton
wool beflfr eWﬁSeWg’l%%ﬂﬁl%b@ﬁtﬁé’g%ﬁ“%° P pgend Wé e atﬁ %i%gg%?l%? &
see; G - COOdag; %Aﬂa@'@él&dféi/b . qﬁﬂnm o1.0im, 38; anzs&mdaaasaﬂ,gss N nil.
Gl- COO Eu4, 4' -di-tert-butyl-2;2 |pyr|dyl ’>/n’m(2th|nfllrp 298 and 327,
ax(KBr disk)/cm™: 958 (C—-C-H trans). Ap(CH,Cl,)/nm: 239 (log e/dm’mol ‘cm™
5.52), 323 (6.08), 334sh (6.04) and 424 (5.16). §(400 MHz; CDCl;): 1.40 (432 H, 5, #-
Bu), 7.03-7.37 (96 H, cv H, G-1 vinyl H, G-2 vinyl H and G-3 vinyl H), 7.17 and 7.50
15 (12H, AA’BB’, cpH), 7.39 (24 H, dd, J= 1.5,spH), 745 (48 H,d,J=1.5,sp H), 7.59

and 7.63 (12 H, AA’BB’, cp H), 7.65-7.77 (63 H, bp H). m/z (MALDI): 7839.4 (M,

LFHJ

100%). GPC: M, = 1.0 x 10° and M, = 8.8 x 10%.

Example 1
20 G1-COOH @ :
3.5-Dif4'~ (2"-ethylhexvloxv)nhenvllbenzmc acid
Dichloromethane (DCM) (0.8 cm®), a solution of the aldehyde of Reference Example
5-di[4'-(2"-ethylhexyloxy)phenylibenzaldehyde) (515 mg, 1.00 mmol) in 3 cr® of
DCM and ;ceira-n-butylamonium bromide (64 mg, 0.200 mmoi) were added sequentially
25 to a cold (ice-bath) mixture of KMnO, (474 mg, 3.00 mmol), N2OFH (20 mg, 0500
mmol) and 0.8 cm® of water. The mixture was then stirred at 0-2°C for 30 min and then
at room temperature for another 16 h before being quenched with acetxc acld (31 drops).
The mixture was passed through a small plug of celite with DCM and then ethyl acetate




G -COO Eu4, 4' -di-tert-butyl-2,2" -bipyridyl di-Noxide; k/nHRgush2G05 m
267, and 20 323; Gl-COO-Eul, 10- phenanthrol ine; ? /nm(thin film 268, and
1329; G-0C00-Eu 1,10 phenauthroline N-oxide; 7 Inm(thi i 8, and
3290 G -WO®EEERt hocuproin: 21, Inm (thin film 271, angcjfz/fb@“"?&’

G-COO'| "b-4,4"-di-tert- butyI -2,‘2' -bi pyridyl di N oxide; X jnm(thin film
267, and 25 326; Gl- COO Th=1, 10- phenangihrotine; ?,,,,nn-(thin fbxn) 270,
and 326; Gl-COO Th-1, 10 phenanthroline N -oxide; X.,,. Jnrn (thin film

270, and 32§ erudals, P Rt RENERIIQING thesbR¥hisWrdlcdnipleRly 2aﬁbvearm1e329 19
August 2005 S 521066555 BCTI GBO2/ 00750 - 23 Exanple 4 2" 4'-BrP

2-14' - Br onoptméq;dsydpg/wamuw@eé bx\c@hmm@h@nwogzaM@WpﬁyW@FH@ﬂ{ athlézwifate‘r 69

nmol ), 4- br hen i i
tetrakis(tr m % gﬁ@?rﬁ’e "i‘(#aqj?léés %(}9 g’g”gé‘gg %%%A %ﬂ aMe owmh
Na2CB( - 0 ( oIk 10&@@-@6&4}@79@;{1@smlctgﬁm,@o,(ﬁaulmﬂ),?MSHD&b%f)sed and t hen
heated at -rAux (with bath terrperature 105 0O E},Jn er arg% 6{95)(%%7 h. The
reaction 5vva3m;ad’dim\/(é€ﬂtl](§37&%o@) Al Sl 23 ( é?ﬁ:gmglt FREy ? ) were added
to the m xt I was
extract ed Qt ?‘nne 42?23@323*’@ n@@ﬁﬁ' @%%%(ﬂ@?éfg?% ? E%le?%l(gr;
extracts weHpngCHb), N6d,1.8¢@ N5, BH)N3 58 (41H, 1] AXOGH,)CHEY (@Hmaﬁ}@a? 8% ér
anhydrous na ne5| um sulf sal V. re d The
resi due Was4 ?gﬁﬁﬁqﬁaﬁ&g@?ﬁﬁgﬂ%ﬁ@‘ﬁ@&‘@ usrhg |ight
petroleum (g M %gméﬂir/? 1% 15239 1334 %p.1080.4, T4, &06093321r1|1¢9§1%cﬂ idas the
desired pro Butterworth, 1. Fb|+bron and D H.
Hey, J. lﬂlemssdéos,M14B&5)59Ga(ttzbt85WZ[C@ﬁ@ﬁQ} 5419@@91143@@@%
758&4%7(2HmArH) 7.68-7.81 (2 H, rn; PyH), 783793(2H
rn Ar|) 69 (1. H in, PyH). The "HNW is sinlar to the reported

by M A CQutierrez, G R Newkone, J. Selbin, J Organonet. Chem,
1980, 202, 341 350 20 ’

Example 2
 G1-COO-Eu (2)

15 Europium 3.5-Di[4'-(2"-ethylhexyloxy)phenyl]benzoate
A mixture of G1-COOH (D-(SOO mg, 0.942 mmo), freshly dried Eu(OAc); 3H,0 (70 °C, -
" 0.5 mbar qvernighf) (103 mg, 0.314 mmol) and 28 cm? of chlorobenzene was heated
| (bath temperature 70%75 °C) under réduced pressure (water aspirator). The solvent was
removed slowly over 1.5 h and the residue was evaporated under vacuum to leave a pale
20 yellow oil. The oil was then titura-te with MeOH to leave a light yellow solid. The solid -
was then dried over vacuum (0.5 mbar overnight) to give 552 mg (100%). of a‘yellowish L
solid of europiom complex 2; (qund C-‘ 71.7; H, 7. 9. for CiosH3sEu0, requires C,
.. 72.4: H, 7.8 %, for CmsHH-,EuOH reqmres C,71.7; H,79 %), }mxlnm (thin film) 268,
_ and 328,
25 -
) Exsmple3 |
' :GI-COO-Tb @ _
Terbmm 3 5.1 4' 2'"_ethylhexyloxy)phenyllbenzoate -




Example 5 2-(4'-Gl-Phy 2-(4'-13",S"-Di"- [4"'- '

2"" - et hyl hexyl oxahenkl ~aheny3~henl ) py_ridine A m xture of 1t9h!<\au%18tr%0r?|5c

. conmpound of Reference ExgMe b: d-BX (1.18 g, 2.22 25 nmol

2- (4' - br OWNB#es§§32) pyri di ne (400 ng, 1.71 mmol), PCT/GB02/00750

tetral ds(tri phenyl phosphine) palladium (0) (138 ng, 0.120 mol), 2
MNa2CBCa (1.8 cnB), EtOH (1.8 co) andpzoluene (5.0 cnB) was degassed and
t hen .heated at reflex (with bath tenperature of 103 19 August 2005 WO

02/ 066552 PEThidaAe 6P6T1EOORE) (590 i) O42 861, fiedhly Woied TH{OMR)BHOUTE Was

allowed to cool and then diluted wth water 4 an) and ether (5 cnB).

The two phaded.fvaber evepughi} @63 mE{b3 l4queel) end 28 em’ okphlorehenreae PRsiwiah et her
3 10 cnB { nbi ned d
e e R 71 AN Sl LA o 1o

renmoved t o gilvént ab sOwdf refivueicover Dﬂh@ﬁdthﬁ&:dlﬁsmﬂldﬁed\aﬂiepmuﬁmmuehw col um

- chromat ography over silica_gel u5| ng eth acet ate-1ight trole ﬁj&‘go:l to
1: 10) asg5el aeple yelloy gilyhe piloyas ghen ujiat “o‘f’l PhtwLPﬁVPé%%‘if ﬁOW(S%ﬁ G

84.1; H, 8. 4 9 7" ./ nm

(thin film g’a}gl%asé?_é&%%ﬂ%ﬁé&%éﬁ 96‘55%8"%‘5@6{& ?Vgs‘tsgméadw)%f%z@ 11. 67

(16 H, in, $kwishlsclidof thd&efi2d Hrbitmn cofplex __S(Eband.éC H1.% H, 7. i(foAr oCH2), 7.05

(7 H m ﬁéf) Hl;sTﬁéJ 2@#%&3#&@%@&% B S 20

CDC13).11. 1, %n 23, 41230 9na 35,1, 30.5, 39.4,
70.5, 114. 8, ,224.3,127.3, 127.7, 128.3, 133.4, 136.8, 13 8.4,

141. 6, 101.8, 1421 149. 7, 1570 1592 mz [APC] J 640 (M). 15 Exanple

6 2-(3' -BrPh)Pv 2-(3' - Brom) p3r ne, 2Q L ure of

2- brormpyn@?‘??éal@?c forf@e ‘2‘1 °B ﬁ%ﬁﬁﬁ&ﬁﬁ}wﬁéﬁﬂ%b&%%f@b g,
19.9 mol ), Eikl s(t r| phenyl phosphl ne) palladium(0) (1.24 g, 1.07 mol),
2 M NaZCOIE‘ %ﬁt 16 cn?), EtOH (16 cnB) and tol uene (44 cnB) was degassed
and heat ed Afmikgud dfthe éwbpilimhainplek 2160 b 0,063 6ol R, XHbipyriddr(§Smg,or 17 1

The r eact ion was al | owed to,
0.003 mmol,) and 0.2 cm’of toluene was stirred for 10 min to glve a clear/homogeneous

15 solution. The solution was filtered through a cotton waol before bemg spm-cc_)_ategl ona
quartz substrate at 1500 rpm for 60 sec; ' .
G1-CO0-Eu2,2'-dipyridyl; Aye/nm (thin film) 268, and 329;
G1-COO-Eud,d'-di-fert-butyl-2,2'-bipyridyl; Aa/nm (thin filmm) 268, and327;
G1-CO0-Euw4,4'-di-tert-butyl-2,2"-bipyridyl di-N-oxide; A, /om (thin film) 267, and

20 323; ) . _
G1-COO0-Eu1,10-phenanthroline; Ay/nm (thin film) 268, and 329;

 G1-CO0-Bur1,10-phenanthroline N-oxide; Myednm (hin film) 268, and 329;
G1-COO-Eubathocuproin; Ag,/nm (thin film) 271, and 329;
G1-COO-Th4,4"di-tert-butyl-2,2-bipyridyl di-N-oxide; Aenia (thin filri) 267, and

25 326; | | o
' G1:COO-Tb1,10-phenanthroline; A, /nm-(thin film) 270, and 326;

" G1-COO-Tbr1,10-phenanthroline N-oxide; A,./am (thin film) 270, and 326; .

. G1-COO-Thhathocuproin; Ay,/nm (thin film) 270, and 329.




19 August 2005 WO 02/ 066552 PCT/ GB02/ 00750 -25- cool to giMea@usySRidsow
orange m xture. The m xture was diluted with water (10 cnB) an et her (20
cnB). The two phases were separated. The aqueous |ayer was extracted with
ether (3 wob9o&sHB) - The organic layer and the ether extpagicBoxis conbi ned -
and dried over anhydrous sodium sulfate. The solvents were conpletely
renoved to | eave an 5 orange oil. The oj] was purified by colum

chromat ography over silica gel using ethyl acetate-light petroleum (0:1 to
1:10) as eluent to give-2.86 g (80% of 6 as a pale yellow .oil* SH(200
MHz; CDCI3) 7.18-7.40 (2 H, in, PyH& ArH), 7.55 (1 H, in, ArH), 7.66- 7.85
(2H m Pyl]j)xamlegi(lH m ArH) 8.17-8.19 (1 H m ArH), and 8.71 (1 H,
in, PyH). IVIRis simlar to the reported by M van der Sluis, V.
Beverwi j k, A:(i'tB.ﬂléEb:naten F. Bickel haupt, H Kooijman, A L. Spek,

Or ganonet aII2 1999, 1: 1402- 11407. Exanple 7 2-(3'-Gl-PhlPv 15 2-(3'-
3",5"-D 4" —-@%@Wﬁgﬁ%)phenyl ] phenyl } phenyl ) pyri di ne A m xture of

t he boroni.c conmpound of Reference Exanple 6: (Gl-BX2) (455 ng, 0.858

mol ), 2-§ Yﬂhmmrp bewkdumpyndinael 1254 .690mmol) 668romuphgnylboronic acid (2.00 g,

tetrak t h hi 1 adi 0] 0. 04
N2 OB o ) 1P8 mRbERAp A G e(vap‘?l P00 B QLI 6 SREaA S Mogass ed
and heated gf %0&2’,"}? tclfh’jﬁﬁn LD ofb v&a@%egassedzzgxd‘ﬁMQfeaﬁﬁgpn for

17 h. -The mxfur to cool an pas d thrfough a plug of silica
gel using etdﬁx(wﬁhbhtbéqm)eréfhm 105 F@)mﬂeratgmbnﬂbﬂlmd‘emdnmaweddﬂts wer e

| et el I f I
chr omat ogr Py Yo UG o s aer o e wermyidas oo mintg Eheie PBRsRFRD: 1 1o
1:10) asieel atedOTHY itfeebusdBRp wil 2:0r 0106 Gath 411 E’g/@ﬂ@ﬁ@oﬁﬁfbrgaﬁ: lafy& gi ve 362
ny (86% of as a colourless oil; (Found: C, N, 2.2. CASHNO2

requires G, 31814th§eﬂlPt exraats viepe cpnobined, washed with bring (1§ 30o?) agimmm CDC13)
0 90- 1.03 (et mr&gné\éﬁgm fattoThe SGOZvegflsQNer cdngblet%moaed? %ﬁe]reg'ﬁué%aﬁ m

, 3.95 (
punfied by column chromatography of silica gel using light petroleum (60-80 °C) to

give 1.52 g (84%) of 4 as a colourless solid as the desired product; mp 62 °C;™ (E. C.

15 Butterworth, I. M. Heibron and D. H. Hey, J. Chem. Soc., 1940, 355) §5(200 MHz;
CDCL) 7.23-7.35 (1 H, m, PyH), 7.58-7.67 (2 H, m, ArH), 7.68-7.81 (2 H, m, PyH),

© 7.83-7.93 (2 H, m, ArH), and 8.69 (1 H, m, PyH). The 'H NMR is similar to the reported

by M. A. Gutierrez, G. R. Newkome, J. Séibin, J. Organomet. Chem., 1980, 202, 341_-
350 |

20 _
Example §

2-(4'-G1-Ph)Py

A mixture of the boronic compomid of Reference Ekamplc 6: (G1-BX,) (1.18 g,2.22 _
25 mmol), 2-(4'-bromophenyl)pyridine (400 ﬁlg, 1.71 mmol), tetrakis(triphenylphosphine)
palladium (0) (138 mg, 0.120 mmol), 2 MNaz(iO;(aq) (1.8 em®), EtOH (1.8 cm?®) and |

toluene (5.0 cm®) was degassed and then heated at reflux (with bath temperature of 103




ArOCH2), 7.06 (4 H in, ArH), 7.23-7.31 (1 PyH), 7.62 (1 Hgj sﬁ%d&?’ 7.68
(4H 5m AH, 7.75-7.88 (6 H m PyH & ArH), 8.05 (1 H m “ArH), 8.37 (1
H in, A 8.77 (1 H m PyH; 8c(101 MHz; CDC13) 1, 23:1,
23. 8, 29%‘?“%%5? 39.4, 70.5, 18,120.8, 122.3, 124.3, 12%31%?%}3@%%?128.0,
128. 3, 129.2, 133.4, 136.8, 140.0, 141.94, 141.97, 142.1, 149.7, 157.4,
159.2, and 164.3; nmlz (APCl+] 640 (M+):2440 ... Exam' |le 8 (2-P hPy 1243
(2- Phenyl nyri di nel - bi sf Z-é 3' - bronoghenyl )pyridine) iridium (IMA mxture of
the 2-(3' - bHormogtremgon)ipy 14 kiiThe izt wap, allowsd tornool and theni diutedhveith waterde tri -
hydrate (124 g, 0.352 mmol ), H20 (3.0 cnB) and 2-ethoxyet hanol (10 cnB)
was heat ed @ nfhandethesthemit ThedwophaseCyversrsapaated. Jbo aquepuidydr vizef or e bei ng
cooled. A bright yellow solid precipitated fromthe m xture. The solid was
filtered, vdmaeted withgthes(hot0 @n'The(o2gminiayer ambithel etherkxtractgivere 197 ny. The
resul tant was passed through a silica gel colum wusing ethyl acetate-light
pet r ol eum (@mbined apd digd oEOMhydebus sediuvsdfita The kaleants warth completelyr at e was
. collected (- 600 cnB) and concentrated to about 50 cnB. An orange yell ow 20
‘solid précipmpdaddd stied - & of guds prodect Ty résidue veas puifiedhiyecoluinint er cake was
washed with MeOH 10 cnB). The bright yellow solid was dried to give 177
ng; 8x(200 dhremategnaphy)over silica gebusing ethyl pgetatelight pafrplpumd0:igo (A0, Q%wenAr H)
6.78-6.79 (2 H m gI%I—Q 7.62(.2. T, d, J2.0 19 August 2005- WD 02/ 066552
PCTI GB02/ 009 8ye 1 0% 8-05%\af 3 as 7 White yolidz(FoundqC, §¢.175118.3, M?eB. €. BNGs H, d,
J5.8 Hz, PyH® nfr [APCI}j 659 (G 22Hz4Br2IrN2 ). A mixture of the iridium
conpl ex anﬁ@@h@né-ﬁ#ﬂj A6 22788 Ao Blngh 28 5) S MBzLDTRY 0.89-
trifluoromethanesul fonate (82 ng, 0.317 mvol) was heated (bath tenperature:
130- 140 CO) KG¥r(12 H)nmgde), LUE67{tGHNm, CHY, 1.8%¢ 8B ¢hHywers CENS O wed to cool
to room tenperature to give a brown yellow precipitate. The solid was
- washed Wt Ar&CkE)GI05((4 #1, ng #8H),a426-A28 Eldt, MRy H)eE.bal (eHwasAfH)y 7.A&847.85uri fi ed
by col unm chromat ography over silica gel with DCM as eluent to give 100 ng .
(78% of | (A%, an AcHanBeHY &l USqWIE ab, i AdH),%nd 3761 H, m]ByH); bpilOnMIE48, 297, and
389; SH(200 MHz; CDC13) 6.65-.98 (11 H m ArH and/or PyH), and 7.45-7.93
(11 H m A&DCInd/iQn4.Ry29.1, 2319 20 APIG3, 38 447 V1 LIERAIDOLS; 122.2, 124.3, 127.3,

127.7,128.3, 133.4, 136.8, 138.4, 141.6, 141.8, 142.1, 149.7, 157.0, 159.2, m/z [APCIY]
640 (MY).
15

Example &
2-G3-BrPh)Py
'2-(3-Bromophenyl)pyridine

20 A mixture of 2-bromopyridine (2.40 g, 15.3 mmol), 3-bromophenylboronic acid (4.00 g,
19.9 mmol), tetrakis(triphenylphosphine) palladium (0) (1.24 g, 1.07 mmol), 2 M '
N2,COs) (16 cm®), EtOH (16 o) and toluene (44 cm’) was degassed and heated at

reflux (with bath temperature 106 °C) under argon for 17 h. The reaction was allowed fo"




(2-PhPy) T2-(3'-GL-Pb)P_Yl,Ir 15 2 Phenyl pyridi ne)-bis[2-(3iga) :
B"-di[4""-(2"" eththe Tox hen i hen 1 hen 1 'dine iridi L2 ig August 2005
boroni ¢ conmpound Reference Exanple 0--. (@ BX2) (196 ng, 0.369 nmol), 8
(100 ny, Wob2Bsepsrol ), tetrakis(triphenyl phosphine) pal | &cieroz(0jso( 10 ny,
0.009 mml ), 2 M Na2C33(aq (0.3 cnB), EtOH (0.3 cnB) and toluene (1.0 cnB)
~was 20 degassed and heated at reflux ( 'gh bath tenperature of 103 C) under
argon for 44 h. The mxture was all owe@"to cool and purified by col um

ot hen Dbl tlévﬁ?‘%p%iyleh%%aﬁﬁ'ﬁamﬁf&%%hét o ?ﬁ%ﬁuﬁeﬁbﬁ%@rﬂé%‘é&“@é i
jd; 5 i i 79 390; SH(200. 19 2005
VD 02106035 P REHKSE /5 Pab bisse ogp psPhesfel B RS g xinapied Hin,
A5 | D me g b B s R 1
L 7S (e R e i UL T
1 R i ridi.um, 0 A.n 2-(4' -4 - 5
(490 my: 5. PEERs i She T R ool b S aalol b s it ) oo

1.6 cnB - ﬂ%)é . nﬁé : 130

(C) 'un§erla?g%geﬁ§tf'§i% I ﬁfczgﬁp@ et‘g g:ella%%ne@%egy\%%? I 'eﬁeéj %@%:O?uﬁl h%?&'?ﬁeo?& \(/avas '
_ e ) o 0 1
Do S0y ot oadh e B8 T3 3D AR ASRr Bl g 258 ¥ BiE T obanovon.

Th id di |ved. i d 2 OH dded
o e R iR e i e MR 155 o
nns ooncent PR is Sihrso S seontier B M e BB BT Br et ur e of
the abovFO Oqlcgﬁart];re FI ﬁic%lﬁa@ptﬁf%'oﬁéhnﬁfiy%&g dréﬂ:%%?{aﬁic@,%@b‘hs? 411441102-

11407,

Example 7

2-(3'-G1-Ph)Py

15

A mixture of the boronic compound of Reference Example 6: (G1 -BXZ) (455 mg, 0.858
mmol), 2-(3'-bromophenyl)pyridine (154 mg, 0.659 mmob), tetralds(tziﬁlienylphosphine)
- palladium (0) (54 mg, 0.d46 mmol), 2 M Na;COs¢q) (0.7 cm®), EtOH (0.7 cm’j and
toluene (2.0 cry®) was degassed and heated at reﬂux (with bath tcinperature 6f 103 cA’C)
20 under argon for 17 h. The mi);ture was allowed to cool and passed through a plug of
| silica gel' using ether as eluent, The filtrate was collected and the solw}énts were
cdhipletely removed to leave an orange oil. The oil was purified by column

chromatography over silica gel usiﬁg ethyl acetate-light petroleum (0:1 to 1:10) as eluent




£ 20 ng), 2-(4' .d-Ph)Py 5 (200 ng, 0.313 nmmol) and silver 19 August 2005.
trifluoronethanesul fonate (70 ng, 0.272 nmmol) was heated (w th bath

¢ tenperat u‘&g of 130-140 C) for 88 h under argon. The reaction was then

* all oned t8P881%¥ room tenperature and - 5 cn8 of DCM PUHSBYAWEY. The
brown yell ow m xture was purified by colum chromatography over silica gel
with DCM et hyl acetate-light petroleumig:1:10 to 1:1:10) as eluent to give
25 200 ng (49% o0 for two steps referring to IrCl 3 3H20 of 1100 as an
orange yel | pigo36Xing (SESAIT a 4d10urless 6ifqurpeahid: C, 84.98; 18,8.5;IN, 2.25C, N, NO.0.
Ci 3sH1561 rN3G6 requires C, 76.9; H 7.5, N 2.0%; mdnm (thin film_ 277,
and 397; X(?egﬁifé\s‘l@,:sz;g?@il,%)ct RN, 78%3 203 bl Al 270 54400 /1HZz20061,) Wo002/ 066552
PCT/ GB02/ 00750 -29 Me), 1.15-1.50 (“218 in, CH2), 1.52-1.72 (6 H, an, CH),

3.65 (12 H, DY £ 6. e Y 4 Hz,
oty ang L (O RN, 0. 90 X (6, Ol A070N1 8003 o HHE, 3.5 (9H0m] TR,

2107, 200, 40800 P EH AP LSRR B ORI A B

[2-(3' -G -P 1. ~Fat “eth”the 10 hen 1
ol )P e R or | A B T LR B O ok s T Bl B D ey
thﬁzght Syﬁ*ﬁ%ﬁrf’%ﬁﬁﬁfﬁgweﬁ? ?ﬁg(ﬁﬁ%‘{;%ﬁ?ﬁ wé‘;iég;ﬁ?f’gi Ezd
L: 10 Coﬂngﬁlﬁfzﬁgﬁ o 35'3’2'1 e %se ik 322 ’was"’?gﬁ Bt gg (- 600 crd)
S ool | oot Iy MEIL IR BT DS A BT O RE Y (' 10

- ¢cnB). The bright yellow solid was dried. (177 ng). The residue was
precipitated using DCM and MeOH (3 cnB) to give a yellow solid (125 ng) of

i npure i;ni di | ex. Meanwhile, the excess of 2-(3'-A- Ph)Py 7 was
coIIectelg ?Eﬁml ¥

not her liquor. The two products were used wi thout
further -pur'ﬁ -i'ﬁfij .Bi)?'t&??%%% jpext step. A mixture of the above obtained
iridiumcor cred 2-(3' -Gl-Ph)Py and silver
trifluor ome@@&gﬂgérﬁ-mg)&_ﬁs[@_ﬁg}_%%%eéﬁjﬁmbiirmfgn hapted (bath tenperature:
130 O for 3 a under . ar gon, € reactron was - ..then allowed to cool

to roomte r@w SFthd %ﬁg,\sﬂn;r%hg@dg?ﬁig% F;gqrrgg,vpgs; bl filieklmOdhlorieltica gel

colum w th eluent of et hyl ac 1 ght petroleum (0:1:10 to 1:1:10)
as hydrate (124 mg, 0.352 mmol), H;O (3.0 cm®) and 2-ethoxyethanol (10 cm?) was heated

15 (bath temperature: 130 °C) under argon for 23 h before being cooled. A bright yellow
solid precipitated from the mixture. The solid was filtered, washed with 95% of EtOH
(20 cm’) and dﬁed to give 197- mg. The resultant was passed through a silica gel column
using ethyl acetate-light petroleum (0:1 to 1:10), DCM and then MeOH as eluent. The
filtrate was collected (~ 600 cm®) and concentrated to about 50 cm®. An orange yellow
.20 - solid .precipii_:ated and was collected by filtration. The filter cake was washed with MeOH
(~.ﬂ10 cm?). The bright yellow sotid was dried to give 177 mg; 85(200 MHi; CDCl)5.74 -

(2 H, d, J 8.4 Hz, ArH), 6.70 (2 H, m, ArH), 6.78-6.79 (2 H, m, PyH), 7.62 (2 H, d,J 2.0




eluent to. give 95 ng (39% for two steps referring to IrCl@m%@mg or ange
yel l ow solid 25 as 11 TGA 599400 C (Found: C, 76.7; H 7.2

C135H1561 rN306 requi es C, 76.9; H, 7.5 N 2.09%; 2lnrn (thin film 279
and 390; @%ﬁg@k ; CD2(:1 ) 0:92-1.07 (36 H m M), 11,314((;]102@@75648. H m
CH2) , , 3.95 (12 H, m ArCCH2), .00-7.13 (18 H m
ArH & PyH) 7.30 (3. K m ArH) 7.62-7.83 (27 H m ArH& PyH),' 19 August
2005 WD 02/ 066552 -30 PCTI GB02100750 8:4H (3 H, m ArH) and 8 15 (3 H in,
PyH); 8c(101 MHz; CDC13) 10.8,14.7,23.9,24.6, 29.9, 71. 35,
115.5, 120. BzlAG47. 7499364 H ag PRi), 20di9.39 (08, & J 513252,7133’1‘1134/26551’0&13@593 137. 4,
138.1,142.5, 144.1,145.4,148.2, 160.0, and 167.0; rn/z [MALD ] 2105, 2106,
2107, 2108, (Q4MQBrEN{D, 2111, 2112, 2113 (W. 5 Exanple 12 Gl-Pt
Porrphyrin 5.1Q 15, 20

Tetra[3',5 -di (3".5"-di-tent-butvlstvrvl)nhenviluornhyrinato plati num (L2)
10 5, 10, 15 20- Tetra£3 5 -di (3",5"-di-tert butyb yryl )F;Jhenyl por phyrin (WO
99/ 21935 1- A migtyR g ihﬁindmmgemﬂe%mﬂﬁ 38 @ngy(; 756 mnapl ) anas
added to a refluxing solution of pl atlnum II) chloride (11.4 ng, 42.9
nnmol ) i § beElEsHiforometiapesuiigyate (BRang, 91 o)) Wasshorted (edh BMPERINGix under a
streamof nitrogen to renove the evolved hydrogen chl or| de for 1 h. The
sol vent was13&HR ¥ forbe daxs asdassrecnot heFaactinn wantbey AUgFRA te gest t‘15’°§3! lica,
eluting with DCM i ght petroleum(l 3) . was_perf ornmed e ons wer e
conbi ned an‘@ﬁ’ﬂﬁﬁlﬁég 0 g1 # Piown YBYo v BregiRifate ks saki P%W"%lt{;\e f |
petrol eum (1 4)-as eluent, The conbin terial was yecrystalll sed froma
DOM MeOH i s @id deied. &ih%esuize W#wﬁ% qojurgy °@°@P{°§%Pﬁﬁéavegaﬁ% M >-
295 C (decorrp ). (Found: C, 81. 2.1. G 72H204NAPt reqw res Cf
81.9; H, 8.glwith DChhas: elwnftexeie)ll)@mg(‘?&%bqf% quonge YalQw siid; fadthi 1
trans); ? (CHC13)/nm(Iogs/drr8 nmol ' ' cniv') 309 (5.43), 328sh 5.30), 413
(5. 64), 19146kh/r60 248,267, and 389;46,20) MI-E;iCMD;)M&ﬁ;%:U@JI-B,)m,lA@EaI(diOC' 2yH), s, t-
Bu), 7.36-7.43 (40 HL m ArH & vinyl H), 8.11-(4 H, br s, ArH), 8.29 (8 H,
((jM/\i] 1.0 HZandﬂﬂﬂ)ismnﬁHﬁnQKrH&d}‘d;rPs}DbnprM(Cﬂ*] &514I-@/ﬁ{"l).n/z [IVALDI] 2523

Example 9
(2-PHPY)[2-(3'-G1-PH)PyLIr

© 15

ethylhexyloxy)phenyliphenyl}phenylpyridine iridium

A mixture of the boronic compound Reference Example 6; (G1-BX,) (196 mg, 0.369

Ry

mmol), 8 (100 mg, 0.123 mmol), tetrakis(triphenylphosphine) palladium (0) (10 me,
0.009 mmal), 2 M Na,COy (0.3 on), EOH (0.3 cm®) and toluene (1.0 o) was
. 20 : dégasséd a.md heated at reflux (with bath temperature of 103 °C) under argon for 44 1.
| The mWe was allowed to cool and purified by column chromatography over silica_gel
using ethyl acetate-light petroleum (1:10) and then DCM-light petroleum (1 :.4) as eluent,

fo give = 18 mg (= 9%) of 9 as an orange solid; A/om (thin film) 279 and 390; 5,(200



25 Exanple 13 &-Pt Por h rin 51015 20-Tetra 3' 5 -di 3" @A,%, ﬁm )
5'"-di-tert- butylstxryl)styryllnhenyll.nornhyrinato platinum f§ fg August
2005 WD 021066552 PCTI GB02/ 00750 -31 5,10, 15,20-Tetra[ 3,5 -di (3 ",5"-di (3
"', 51" - diwbh@abeeRsst Yl styryl ) styryl)phenyl] porphyrin (WO p@BGBIARIs0 2- Pot h
rin: First/Second Exanple) (50.0 ng, 10.3 nmol) was added to a refluxing
solution of platinum (ll) chloride (21.3 ng, 80.1 mmol) in benzonitrile
(1.0 cnB), and washed in with further Bnzonitrile (1.0 cnB). The m xture

was heated at_refl ux 5 under stream of nitrogen r ve t he evol ved
hyd_r?g_endc-[\)llm';ﬁj@]@ror;@‘bgfn(zﬁﬁéﬁDé _Sxﬁ%ﬂé&ﬁ'&f %e%&g@’ gglg‘lgﬁé‘;%eéﬂ’due was
urif ie col unm ro ra Wi | e ; as

gl uent to gi ,%§Q§I%gm.(%(gﬁz),fg#g}@gg%@ﬁé&é@ag%ﬁl‘&%ﬁ%’ééﬁm,
CDC13) 1.3.1 (288 H t_ -B 7.18-7.65 0 H ' H rH), 8.23
(a1 s, A AT aalonb e Ao 1okt 1, AghidndouiytDgand 7.8 Bt g Sl gl
Devi ce Fabrication LEDs were fabricated by the foll ow ng nethod. Patterned
indiumtin 8¥Hde (I TO substrates were cleaned with acetone and 2-propanol
in an ultrasound bath. A hole injecting |layer of PEDOI (Bayer) was then
spin coated from water at 1000 rpmonto the 15 cleaned |1 TO substrate and

dried at 8.0 C o hot plate for 5 minutes. Dendrimer solutions were
subsequentl%—%ﬁ&—@o" ated onto the PEDOT | ayer at speeds of 800 rpmto give

films typi CM&MEK’ and an al um ni um cat hode was then evapor at ed
giving devfs Wt a areas of 2 mmR2. Device testing was perforned in

vacuum usi ng, a_. '_lt ﬁar gﬁ @gepati%gﬂggd.‘y}gll as a

“Hewl ett Pack$ 2 oM dndfs : ) _ :
‘oper ati on: [1& RC val ue of the devices, defining the time required for
E

chargi ng the=£ED, was estimated to be in the order of 100 ns and driving
condi ti aqns re. chosen iatel T 1 SSHQN spe I asured
ising et shmagEor e WP ReT stade miifr@hagh RaRRE G R ERGaRR"C L 2
spectra we(ss LRBAM AN, O (1 B en) el Dombxyethiafsli(ABcar) wadlHeated(issh on

spectra were corrected of or 25 the i1nstrunent response. As_a crosscheck, PL
spect ra wer smpesgire:d38, ghandspangpr foar@P hdisépre being cooled. The resultant mixture

was passed through a silica gel column using ethyl acetate-light petroleum (0:1 to 1:10)

and then DCM as eluents. The solvents were completely removed. The residue was
15‘ dissolved in ~ 2 em® of DCM and ~ 2 cm® of MeOH was added and the mixture was
cooled. The precipitate was collected (about 238 mg) and used without further
purification for the next step. The mother liquid was concentrated to recycle the
unreacted 5 (about 244 mg). . | |
A mixture of the above obtained iridivm complex, recycled ligand 5 (about 244
20 mg), 2-(4-G1-Ph)Py 5 (200 mg, 0.313 mmol) and silver trifluoromethanesulfonate (70
mg, 0.272 mmol) was heated (with bath temperature of 130-140 °C) for 88 h under ‘
-argon. The reaction was then allowed to cool to room temperature and ~ 5 cm? of DCM
- was added. The brown yellow mixture was purified by column chromatography over
silica gel with DCM-ethyl acetate-light petroleum (0:1:10 to 1: 1:10) as eluent to give
25 200 mg (49% for two steps referring to IrCly'3H,0) of 10 as an orange-yeliow solid; -
" TGA(S,,,, 410 °C; Gomd: C, 76.8; H, 7.5, N, 2.0. Cy35H,5sIfN; O, requires C, 76.9; H, 7.5,
N, 2.0%); mdiim (thin film) 277, and 397; (200 MHz; CDCl;) 0.78-1.03 (36 H, m,




found to be identical to those obtained on the fluorineter{g PrRs14,
Device Results for Gl-Pt-porphyrin 12 19 August 2005- WD 021066552

PCTI GB02/ 00750 -32 Filns and LED devices were nade using 12 bl ended with

ei ther deMBO6AE2 A or dendriner B (fig 9). Fihns of RCI/GRRI)ends were -
formed by spin-coating THE solutions of the two dendrinmers (10 ng/m) in a
wwratio of host-to guest of 10:1 corggsponding to a nolar ratio of
approximately 3:1. No phase separation was observed with these spin-coated
films- and t Rjehr ' f10440 i f e 5] . The
filns of thgﬂt)ﬂ l_élralédlgsggi)gefg’?%\?tﬁ% lgqugzi?oﬁbe%’?%@i?%&gﬁt?’go ¥|$h§g§prepar ed
of the indi (12idah, AFDe6.02(3H, Thes.4 ¥ Pd), and7.3207i98 (3K on) AeH&i RyEPekér ence

ool AR o b0 AT 5 0 70 ¢

Trds[ (4' -fornyl styryl’) phenyljbenzene' 15 A m xture of 4-vinyl benzal dehyde

(1.95 g, 14.7 mol),. N, N-di net hyl acetam de (40 nL),
1,3,5-tr i%(wphenyl )benzene (2.00 g, 3.68 mml), trans-di(ii-aceto)-

bis[o-(di-o PRISHI benzyl] dipalladium(l) (10 ng, 11 mol),

2,6-di-tert= 92¥3— @islphi’ L (646 ng, 29.3 mml), and sodium carbonate (1.56
g, 14.7 nmofc tief2-30{ Tsoxifgert-edvibv AGENsRhVIddheM Bsieay i RdmeHirumgi Ng W t h
argon over 35 nmin. The mixture was then stirred at 130 C for 50.5 h. Water

(100 ni) an@di chl or omet hane (100 nL) were added. The aqueous | ayer was

separ at ed agd; \ ' r OBt X e 1 2 m, 2
100 ) . Thg jﬁﬁco?%@f‘ﬁg‘éee%?’éﬁ?é‘)ﬂ‘a%ﬁ% %fﬁgaﬁgﬁgﬁ%@%"i«%ﬁﬁ*— °500 m_;(
and bri @ (@%Gnga0)]15 dmiad)y Ho® €F.0 annfyarid Geeshoxgethatol (350 and) fwak keatdd (batr ed and

the sol vent_conp] et ved to | eave el | ow br olid ~Trituration
wi th dichl o@ﬁ‘ﬁ%‘?‘f‘%iﬁ"&éf %é‘ﬂg%frg@ésﬁlg}’%P@é’F%ﬁ“ﬁ% FSH onet hane
gave 1,3, 5 Fiduh (s plsurioniivd ylidDRe Byt 15bht 83 3 vel | ow
powder, nmp 163 C. pAnal ) Ca?%:/d for wth%‘%%Sﬁﬁggﬁy%é?ce%ﬁ ]%htg%fﬁe@?)@ﬁld: C,
87.4; H, 5.i0l:\mDGErapd then MeOM greluer) Ibe filatO@is0oHESR] (PED 6BAAA0750
* concentrated to about 50 em’®. An orange yellow solid precipitated and was collected by
15 filtration. The residue was washed with MeOH (~ 10 cm?). The bright yellow solid was

dried (177 mg). The residue was precipitated using DCM and MeOH (3 cm?) to give a

yelow solid (125 mg) of impure iridium complex. Meanwhile, the excess of 2-(3'-G1-
Ph)Py 7 was collected from the mother liquor. The two products were used withcut
further purification for the next step. A mixhire of the above obtained iridium complex
20 and-xecycled 2~(3'-G1-Ph)Py 7 and silver triflugromethanesulfonate (34 mg, 0.133 '
- mmol) was heated (bath temperature: 130 °C) for 3.5 days under argon. The reaction was L
- thenallowed to cool to room temperature. The brown yellow mixture was purified on '
silica gel column with eluent of DCM-ethyl acetate-light petroleum (0:1:10 to 1:1:10) as
eluent to give 95 mg (39% for two steps referring to IIC13‘3H20) of orange yellow solid
25 asll; TGA s 400 °C; (Found: C, 76.7; H, 7.2, N, 72.1: C35H,56ItN; O requires C, 76.9;
H, 7.5, N, 2.0%); Aq./nm (thin film) 279 and 390; §5(400 MHZ; CDZClz)_0;92;1.07 @36
H, m,Me), 1.3 1-1.66 (48 H, m, CH,), 1.73-1.86 (6 H, m, CH), 3.9-5 (124, m, ArOCH,), '
7.00-7.13 (18 H, m, ArH & PyH), 7.30 (3 H, m, ArH) 7.62-7.83 (27 H, m, ArH & PyH),




-33- 1690 (C=0O and 962 (C=G-H trans). A .(CH2C12)/nm 35815(&?;&2005

" s/dnBrol ' 'cm 5.10). Sn(500 MHz, CDC13) 7.24 and 7.35 (6 H, d, J= 16.5 Hz,
vinylic H, 7.69 (6 H 1/2AA'BB, cp H), 7.77 (6 H1/2AA BB, op H, 7.71
(6 H 1/ 3odsss2Op H), 7.86 (3 H s, cep H, 7.91 (6 r1GBAMBE , cp H)
and 10.0 (3 H s, CHO; mz (C).697.0 5 (MS*, 100% . [G3]3B9B

Pot assi umtert-butoxide (171 ng, 1.52 mmol) was added to a solution of
1,3,5- Tris[(4 -formylstyryl)phenyl] belzene (51.5 nmg, 0.07 mmol),

Ref erence exanple 7A (}529 %{0.30 mmol) in dry tetrahydrofuran (20 ni)
heated at r%if SdL mharioang §. br(3dam,RyhDet(10d r@PChk1G-$14782h a¢fcb.t hen

Ehe.or gani Y Ba B 41208, fa 23 B B KREe L e BrtanpRan e 20
di chl or onet {rars; 1624, 158)1, #4uls 148N, 1ysi4)e44.201 6010, aMBES7AY SEEMALDIE 18gUeous

| ayer before a final extraction with dichloronethane (50 nL). The conbi ned
organi ¢ | ay208, 2487 2108 . 2040; B 1y 2148, 338 M), dri ed over anhydrous sodi um
sulfate, .filtered, and the solvent renoved. 15 The residue was purified by
col um cﬁromat ography over silica in tw steps. The first chronmatographic
step used éExlimplb@zonet hane/light petroleum mi xture (2:3) as eluent and

the main fraction was_ coll ected and the solvent renoved. The resi due was
further purﬂﬂm% a di chl oronet hane/li ght petrol eum m xture (3:7 to

2:3) as el %geléiﬂ-giaﬂﬁpﬁsir&;gﬁ' §04; e BRI S e 1%{# B#"ﬁﬁ%%!gtmhm
recrystal |l i's roni a dl et han Xt ur e gave a yell ow
oil which WE® then ti(1X)urated with nmethanol to give a powder, np deconp

- 281 C,  An ed far, Co 90: 91, 2, H, 8. . Found: 7: H 9.1.
o7 (et §0 o0 S ol s e plety Sy st (R ARSI,

6.06), 377y dFiA0Gech A8 amrE) B8 L0l SQmbhvas I dr 32 H-. s,
t-butyl H), 7.18-7. , CV. H G| vinyl H?G2 vinyl Hand G3 vinyl
H),.7.40 (2alution gfiplatimum (T chippidel(11.47mgs42. 9 8mal) ig begzonitgle (pmPcThy

L e
spectra of chivgidoBirdrh. 3hs sdiverwas tomicdred et Rastim, Cofting. chidiatgraphd over and 12

19 August 2005 WO 02/066552 PCTI GB02/ 00750 -34 the_stil hene noieties are
found t & gisilisarlatmerwinRChblgpeirelaup hR) wes pppigrmed. Ippnrg, 1S §yeze

combined and further purified by column chromatography with DCM-light petroleum
(1:4) as eluent. The combined material was recrystallised from a DCM-MeOH mixture
to give 42.0 mg (77 %) of _1; as a brick-red solid; mp > 295 °C (decomp.) (F ound: C,
81.6; H, 7.9; N, 2.1. Cy7,HyoiN,Pt requires C, 81.9; H, 8.2; N; 2.29%); Vyuu(KBr)/om ! 1594
20 (C=C), and 959 (C=C-H trans); h,o(CHCL)/nm (loge/dm® mol lemm) 309 (5.43), 328sh
(5.30), 413 (5.64), 514 (4.60), and 544 (421); (400 MHz, CDCL) 135 (144 H, 5, t-
'Bu), 7.36-7.43 (40 H, m, ArH & viayl H), 8.11 (4 1, br 5, ArH), 829 (8 H, d, J 1.0 Hz,
ArH), and 8.97 8 H, s, b-pyreolic H); m/z [MALDI] 2523 (MH). |

25 Example13
' G2-Pt-Porphyrin
5,10,15,20-Tetra[3',5"-di(3",5"-di(3'"",5" - di-fers-

butxlsﬂul)s_tyt_yl)phen}{llpomh}:rinato platinnm (I (13)




gives rise to an additional absorption at 420 nm whilst i@ &dubedsere
gives rise to an absorption at 370 nmand for 12 absorption bands are
observed at 420 nn:, 514 nmand 544 nm corresponding to the Soret and Q
-bands. Gfgbiamesssd- Pt - porphyrin 12. 5 Figure 11 shows PLPGMGBREINIBPect ra of
bl ends of the materials under continuous excitation. Upon optical
excitation, the em ssion of A appears gfeen and peaks at 495 nm whereas
the enission of Bis in the blue and peaks at 470nm and in both bl ends

and 737 nm S a e B SO e St b A LR BRSSOV, O
f | udr escencegp1d18r 235 Eﬁlj}&ixﬁ@iﬁtﬂe@&tﬁ}{ﬂhﬁg E@sg{}sﬁlg,lmamntmﬂwza\addhdtwabe due to
phosphorescence. For both the . 12 and 12 bl ends t he host, PL

eni ssi on i srefiysing selnGeryefplativam (b ehiguidesP1 Pimge §9-4 srpof) infhenz e prising
Tesult il usuuﬂ‘a%{i]eéfcorr%lgf?ea%e n%o Eﬁf Pbm ﬁ&h@:ﬂﬁ@uﬂ?ﬁé’é@&r&t%ﬁpeg_ra

15 of the b?’ﬂr) spectra n contrast to the
in EL the ghﬁﬁ&amaﬁﬁd:ﬂiﬂmgenv&femdmﬂh esmlvmwdrogeinalﬂon&ﬁefohaéth &hd ssion in

the B : 12 blend. For the A ; bl end there is al so e in the
guest to hoslveahvastesiovedandike EEI P“et”éftl?“&'geggy pjnpehro mﬁ?‘t g‘ﬁﬁ” he increase
is |ess marﬁEﬁ/[ hg@%str&eﬁxﬁ?lﬁf&eelﬁnt oiveR6:s e (Al RNSF 13 13T§§%@f€tnfg@§fﬁﬂ€es

between th spectra are due to chafge trapping in the. devi ces,

whi ch affecﬁ;ﬁzme@BCigkd:ﬂm&Sdi isphBu) 2883, 65(120dé,tm, Hh rH.iécMﬁr% s a red
shift .in th E th the em ssion. The devices
can be dri v@? 3{%363@35 r‘&}@ %@%503%8@? Was al so found that
there i gpa dependence ofthe em ssion spectrum ont he driving, conditions and

the duty cycle. 25 Exanple 15, Device results for.Ir dendrimer
[ 2- (4' - Gl- Piypdgd BihricafionDevi ces contai ning the novel Ir dendrimer 1Q were

fabri cat ed n st ard { ﬂﬂ%ﬁ ywer e made
w th a neatﬂﬁlbs%gﬁge‘?rf?@%a rthg ‘ﬂm%nteﬁ%ﬁoﬁgagg%rgd contglll%ng@tqﬁ)e Ir
dendri aner éﬂb@t?d@.dwebtaa@drwmmmn@tnmmdpm aB uitredoREbafie Adhol® August

2005- WO 02/ 066552 PCT/ GB02100750 35
bi phenyl y|') infeoting lexeriof BEOAHWassn yiag then spigscostad from zepjer at}00apip gRto s of

the twoiyp 1 @0k RERES: il fér5iRitiles] DékrikEO | PEDOT /
dendr i rre? @W%@%@S&%‘s\%&ﬁmda % C ﬂ

solutions were subsequently spm-coated onto the PEDOT layer at speeds of 800 rpm to

give films typically 100 nm thlck, and an aluminium cathode was then evaporaied giving

- devices with dctive arcas of 2 mm? Device testmg was performed in vacuum using a
iy Keithley source measure unit for de operatlon as well as a Hewlett Packard pulse
20 generator (rise time < 10 ns) for pulsed operation. The RC value of the devices, defining
| . the time required for chargmg the LED, was estimated to be in the order of 100 ns and
| driving conditions were chosen appropnately The emission spectra were measured

using an ISA Spectrum One CCD spectrometer PL and PL excitation (PLE) spectra

were obtained on an ISA Fluoromax fluorimeter. All emission spectra were corrected for
25 the instrument response. As a crosscheck, PL spectra were also recorded on tl_1e CCDand '

found to be identical to those obtained on the fluorimeter.

| Example 14, Device Results for G_I;Pt;-perphyrix_l_ 12




5 where in the blend the ratio of dendrinmer B:10: PBD is Ligafhudt 5008 4 by

wei ght, and two devices were forned one with a bl ended | ayer "t hi ckness of

150nm and the other with a blended | ayer 200 nmthick. .4a The em ssion

- spectra efobédesssegat materials as well as the bl ends ar ePGHGRIR/GOFSOFi g. 12.
"The 10 iridiumdendrinmer (10 exhibits broad EL in the green (peak at 535 nm
with features at 577 nmand 623 nm. :é}ig benzene cored dendrinmer (B) emts

in the blue (peak at 460 nm. In blends both the host and the guest emt.

The EL spect.r um of | ; LRSI AL Ofa £he guest and

host, in tﬁ%ﬁr “%?n%kléérﬁ 8%%3?6 r% %ﬁ%@%ﬁggﬁfeﬁ?ﬁgg %@%GQAC%.nnot be

i denti fi ed, dengfimbiB (g OF Eilmyuffi2¢ anst blends were forred byspinsiogtingt#HIdOW t he band

bserved  atsoBUOIAM HRATE Ao BETLO FEEE POH O AL AT FSdd Oaces. Thi s
observed atsobgoLh ondigIeR B his
and i's not medliabeh ¥ bl Byl 91084 S sorkiion bagBbkveapect I a

appear ed whi pectra were“green. This suggests 20
t hat t he sbrwilthksedpin-eodtal fierd ahdibElr abdoriibn wanflamdriobe dewn phithan exci pl ex but

rawer due to aninterpol ecul ar arge tranpsfer-.state .for bet weenhost and
guest. A st@&?@nﬁpé%érﬁﬂ@i@@&é‘?%{;ﬂ@ PREL taﬁegﬁg%‘{l?*’d?hl%%“%&%g{é" i ng
condi ti onscﬂrﬁgaggs%@f{ divididl §akiing that the em ssion consists of both

ent an u

phosphor es orescent components. f 25 Exanple 16, Device results
for iridiumdendrimer [2-(3 -GL Ph)Py]31r (11) The EL spectra of the

dendri,mers F#*and 10 are shown,in Figure-.13. T -of i -

slightly br’,cl)l?cf@? Sﬁﬁﬁo‘ﬁéﬁﬁ %qs?rig]epé%]ge B¥oretc péﬁ?ﬁ%?ﬁﬁé&&%&e%&ér sefl%e?] peaks

S at 518 ) pMRRIRFA i a@sion for 10 peaks at 532 nm and has a vibronic
feature at 569 nm There 19 August 2005- WO 02/ 066552 PCT/ GB02/ 00750 -36 is

a significant increase in the red tail em ssion of 11. The device

consi-sting of .10 ) re. affi-gient than that containing 11. Exanple 17,

Devi ce resﬁ?@n%&&ag&b?%egﬁﬁgﬂoﬁg( 13) 5 Single | ayer devices of neat

&- Pt - porphyrin dendrinmer (13) were fabricated (PEDOT/13/Al). In Figure

14, the EL spectrumaof 13 is c?lnB ed to the PL spectrum of
S 1,3,5-Tris[(4’-formylstyryl)pheny ibenzene'

15 ,
A mixture of 4-vinylbenzaldehyde (1.95 g, 14.7 mmol), N,N-dimethylacetamide
(40.mL), 1,3,5-tris(4'-bromophenyl)benzene (2.00 g, 3.68 mmol), frans-di(p-aceto)-
| bis[o-(di-o-tolylphosphino)benzyl] dipafladium (IT) (10 mg, 11 pmol), 2,6-di-fert-butyl-
p-cresol (646 mg, 29.3 mmol), and sodivm carbonate (1.56 g, 14.7 mmol) was
20 deoxygenated by sequential evacuation and purging with argon over 35 min. The
mixture was then stirred at 130 °C for 50.5 h, Water (100 mL) and dichloromethane
(100 inL) were added. The aqueous layer was separated and extracted with
: dichiommémane (3 x 100 mL, 2 x 50 mL, 2 x 100 mL). The combined organic layers
were washed with water (3 x 500 mL) and brine (250 mL), dried over anhydrous sodium
25 sulfate, filtered and the solvent completely removed to leave a yellow/brown solid.
Trituration with dichloromethane followed by rectysf.a]liSation from dichloromethane
gavé 1,3,5-Tris[(4’-formylstyry})phenyl]benzene (1.24 g, 48%) as a yellow powder, mp |
163 °C. Anal. Caled for CyjHiOy: C, 87.9; H, 5.2. Found: C, 87.4; H, 5.4, vau(KBr)em




the GL-Pt-porphyrin dendrimer (12). As has previously beemgpRsfisvasbs.n both
free base andplatinum porphyrin dendrinmers, the EL spectraexhibit a
stronger weighting ofthe ower 10 energy em ssion peak. Exa- 1 8 This
exanpl e oWoanesszemitting Ir dendriner is illustrated i pcHGBu®7505, and
reference nunbers apply accordingly. 15 (Glppy)2btplr(I M (111)

Di chl oronmet hane (5 nL) was added to a nmixture of Glppy Ir diner (9) (411

ng, 0.317 mmol), 2-benzo[b]thiophen-2-yipyridine (10) (1.44 g, 6.83 mvl)

i fLéVSIT E i °”§%€£@?§rﬁph°”§fﬂéﬁv@5§qﬁ?ﬁ§%@£¥@w £ EEE@E?' " ;O_”
he mol i at SHeBeo e COR TR 35 QRS Ao e s R vl 8, 7 el 323 pur 1 ed

by col um CWMBWFW'JW HSIAASBHY &) m TEA KRG cp!
petroleum (1:2 to 2 as eg{Jent to glve ppy g%tplr(lll }??

my, 28% asHap cep ﬂ?ﬁnbﬁl i [PAZBRAOD Hnd 100G 3, s0CHE); (nz’a(cu) 59'110

CHS) 13%&2%\(1?0%63—1 m aIkyI H,1.79 . 25 (4 H in, OCH2CH), 3.94 (8 H,
d, 6.81-8.05 (41 H, . m aromatic H. rn/z (MALD) 1681.4

(Mr 100% . /&8-39.39@ e of the above obtained-iridiumconplex, recycled

ligand 5 (about Rdssiulert-adeic @71 xBL duib %smadedoto?aﬂselmlomrsi si | ver
trifluoromethanesul fonate (70 .l ug, August 2005 WD 02/ 06655

PCTI GB02I 0078s[(4’ nmlml)mmbme@ai mz,QW umdihﬂhfer@nmmln% 6159130- 140

C) for. 88 h- argon.. T rLeacti d_t.0.cool oom
Cepor at or ona 150 mh Al anf By REh O P E e Bl G b B Pl s

puri fi edobyatgefiuitiar tH has@ihegsiny (OvR)l. Walek 50 HE) andididhldéthaie(§ dJ mL) \
acetate-1light petrol eum (0:1:10 to 1:1:10) as eluent to give 20 gg (49%

for two steperesadded gnd;the) opagnie layes sppanytedt The agugow, lager Wak extEc Bl d;

;GGAE(; 5% ), 41 Otg&ﬂﬂ(()% ﬁ%%ﬁ then ‘atfm{ %5 u}%w% agdeaﬁé g@'ﬂqé%g&gga%e@&%%rc es | C,

0.78- 1. 03 (fal bktraviiodwjth dithlbfonictHafe (mnm The cditded oi:gaiﬂ:rlaybrsﬂﬁeré ﬁrai;hedm CH)

3.65 (12 H, Ar 8

and 7. 32.7 WEh C@{"ﬁﬁ dg%ﬁif’ g?—‘@ﬂﬁpﬁaﬂ Hﬂt&ﬂ%ﬁ%ﬂ%‘&%ﬂ’é *7“%?6@1 210

10 2110,151 YineZrkdidud +h3 plufied by column chromatography over silica in two steps. The first .
chromatographic step used a dichloromethane/light petroleum mixture (2:3) as eluent and

Ei30.4

-

the main fraction was collected and the solvent removed. The residue was further purified
using a dichloromethane/light petroleum mixture (3:7 to 2:3) as eluent to give B (349 mg,
60%). Further purification by recrystallisation from a dichloroﬂlethanelmethanql mixture
20 gave a yellow oil which was then triturated with methanol to give a powdér, mp decomp
281 °C. Anal. Caled for CoaaHgoo: C, 91.2; H, 8.8. Found: C, 91.7; H, 9.1. Vo (KB cm?
' 958 (C=C-H trans). A, (CH,Cl,)/nm: 323 (loge/dm’mol”em™ 6.06), 377sh (5.46) and 400sh
(5.22). 83(400 MHz, CDCL) 1.40 (432 H, s, #-butyl H), 7.18-7.45 (96 H, cv H, G-1 vinyl
H, G-2 vinyl H and G-3 vinyl H), 7.40 (24 H, dd, J=1.5,sp H), 746 (48 H,d,J=1.5,sp -
.25 H), 7.62—:7.82_ (87H,cpH, G—l bpH,G-2bp Hand G-3 bp H) and 7.90 3 H, 5, ﬁep H); m/z
'(MALDI) 7905.2 (MH", 100%); Calc MEH* 7903.1, - |

. The absorption spectra of the materials A, B and 12 are shown in Fig. 10. For A, B and}.}_




Exanpl e 19 Exanple 19 and 20, leading to the fornmation of @ Kyyudersbs.ner,
-are illustrated in Figure 16. 15 Gl-Phew, 31 3 5- 4'- 2"nEth the to hen 1
lien | henanthroline 20 Method .1 A mxture of the Reference Exanple 6
conpound veR-0BBG65§2496 ngy, 0.944 mol ), bronophenant hr ol iRGI/EBD075¢, 0. 858
mmol ), 2 M Na2Co3(a (0.5 cnB8, EtOH (0.5 cnB) and toluene (1.5 cnB) was
degassed for 10 m n under argon. Tetrak|3§_(tr| phenyl phosphi ne) pal |l adi um
(0) (32 ng, 0.028 nmol) was added to thé reaction m xture and then heated

at 25 reflu .”.Hﬁ'ﬁ

room t enperat ure %ngﬁ%ﬁ}u%%éow ttc#}b\mﬁ?@to@%ﬁd%?onﬁﬁgk *zg\?ﬁ%%gctﬁg .reTh
two |ayers whfee riseparaatadditional Rberptionlie 420 dnia,mﬁmsv\:ﬁsBehd care twinaks \wisk fo ehher (3
X 20 cm. The organi c Iayer nd the ether @ extracts' v&re caonbi ned _.and

washed wi t habaerrionaf 330 nia 2 abgerplien bands ag RhsraYed L 20y Rdd PmACd G at e
2005 “&58&%@12%%%’5&%%%@‘%@%&}?8“% BolEbr B8 AP AORATRRAE 20 10 tg
1:10) gave 251 rrg (409% of 31 as a colourless oiI vmjcm (KBr) 1607,
é%?;‘{s) ‘”‘Bdsé s SRR G oo bl B odstppniiond Sy "
IAPH & PhénH) nﬁgﬁbalbf&taﬂn@ggﬁussﬁngﬁlﬁﬁ%ﬁm éfébnaﬁﬂ'p'gaks Zt‘@gh&,, ;J%?lﬁ)% 27 (1

H, dd, J 8. m&smnhfaz;s mnlmdﬂu@a,udacﬂcs at470nf, amﬁipbathdﬂ&nﬂls &ng@hémd;mrm( 1

107187 SR et ke ol s S50V 85, 8P ol Rt

- 124.8, N96. dendhbfbre A shd B i€ attrib%%d&o ﬂ%&-@s&ncel%ﬁle&as the SmiissiohdPthé puest 12 is
. 141.8,146.4,. 146.8, 150.1, 150.3, 150. 7, 159.3; m z [ MALDI ] 1993 (2MFCu*) .

10 Met hod 2belieBeditoredng tephosphorascarice.Jlor Qeﬁhéham da apd Il&rtéﬂ\dsﬂ@ hest Plp. 57
L) o CoRRSERL L A5k T B OSRAR ¢ 2 M P20 0 (4 ).
The most surprising result illustrated in Figure 11 is the large difference between EL spectra
15 of the blend B : 12 compared to the PL spectra. In contrast to the PL, in EL the guest
emission is very much stronger than the host emission in the B 12 blend. Forthe A : 12
blend there is also an increase in the guest to host emission in the EL relative to the PL,
although the increase is less marked than in the case of the B ¢ 12 blend. The -diﬁereﬁces
between the EL and PL spectra are due to charge trapping in the EL devices, which affects
20 where recombination occurs. In both blends there is a red shift in the guest EL emission
compared with the PL Ieruission.-_ The devices can be driven continuously 61' by pulse
driving. It was also found fhat there is a dependence of the emission spectrum on the driving,
conditions and the duty cycle. ’

25 Example 15, Device results for Ir dendrlmer [2-(4-G1-Ph)Py];Ir 10.
Devices containing the novel Ir dendrimer 10 were fabricated using the standard method
described above, Devices were made with a neat Ir dendrimer layer and with a layer

éontaining the Ir dendrimer blended with a mixture of dendrimer B and PBD (2-(4-




degassed for 15 min under argon. Tetrakis(trisphenyl phosphigmigueeddosdi um
(0) (21 ng, 0.018 nmol) was then added to the reaction m xture before being
heated at reflux under argon for 22 h. The m xture was allowed to cool and
di | uted wwohemassr (20 cnB) and ether (20 cm1l). The orgaciBoz/doaseer and t he-
extracts were conbi ned, washed with water (40 cnB8) and dried over

anhydr ous magnesi um sul fate. The sol vent}%bwere renmoved under vacuum .20

Purification on silica gel colum using“MVeOH ethyl acetate (0:1 to 1:9) as

el uent gave,333 | 899 of .31 a col.our l.e ojl. EX le 20 25 - Phen
Re- 30 10 o aHm YRt buloniin Ba dekipintof The fierwsh e Brsfiear ot ne
rheni um 19 Apgbstves905- WO 02/ 066552 PCTI GB02/ 00750 -39 A m xture of the

phenant hroline ligand 31 (126 ng, 0.190 nmol) and pentacar bonyl chl oro
rheni um (681 ny, DO 18BDAFYI10 (140nt)) /&dB of tol uene was heated at reflux for

1.5 h. The m xt el |l ow 3 hen e. The reaction was allowed to
cool to anbi ent ﬁ@ﬁggﬁm@éﬂ% ’r‘f@ﬁsgﬁ’% was rem)ved. under reduce
pressur e.s Pyhifel it #d Kéndafe fiib lof derfitimep BE 98 UPBDUS 1 10.10M4 bpRéightebddiw@um as
el uent gave 76 ng (41% of 32 as a bri ht”\ifllow powder; vmicm | _( KBr)
2021, 1916, 189dees(vase fmed ong with 2 hlendsd fayenthickness of 4 50mp end\hexsther Witk gui r es

' C, 60.6; H, , W o /nm(thin filnm 276; mz [MALDI] 935 (M Cl).
Exanpl es 21P§2éeldol%ég§ tg%lﬁ[es are illustrated in Figure 17 Exanple 21
h-BORZ .PP 15 2-L3 - 4" 4" 5" 5"-tetraneth |-1" 3" 2"-di oxaborolan-2"- 1

UoTd (ary S T Sebrn st  Be 55 clinbn vt e Depd ik ST gl S 20 o
G 1or 3 e B e a1 ane (S
cnB} was adomcnd @3 diny. The beirene odred déndtione(B) €mits incthe blus (peakast 460nm)da at - 78
20 C for 2 1y a0dh {16, 935 LEPhACSHONG P HPSpe- 8081 he Bl 1 A flios then

superposition of the guest and host. In the thicker device, the emission band of the host

‘cannot be identified, yet there is significant unstructured emission below the band of the

15 iridium dendrimer. Most significantly, a new emission band is observed at 660 nm, which

forms the emission maximum in some cases, This band is not immediately visible in neat

10 devices.

- Theblend EL spectra appeared white whereas PL spectra of films were green, This suggests
-20 that the broad feature formed in EL at 660 nm be not due to an exciplex but rather due to

an intermolecular charge transfer state formed betweenhost and guest. A strong dependence

D
st

of the emission specirum on the driving conditions is observed, indicating that the emission

consists of both phosphorescent and fluorescent components.
25 Example 16, Device results for iridium dendrimer 2-(3'-G1-Ph)PyLIr (11)
The EL spectra of the dendrimers 11 and 10 are shown in Figure 13. The spectrum of 11

is slightly broader and exhibits less vibronic structure. -The emission peaks at 518 nm,

 whereas the emission for 10 peaks at 532 nm and has a vibronic feature at 569 nm. There




tenperature for further 20 h before being quenched w th HXQ Agfscrdos. The
two | ayers were separated. The aqueous | ayer was extracted with ether (3 x
40 cnB)*. The organic layer and the ether extracts were conbi ned and dried
over anhyd? &s655ddi um sul fate and the solvents were coRplEBEY¥enpved. 25
* The aqueous | ayer was washed with NaHCO3(, ) (1 x 40 cnB) and extracted
with ether (2 x 40 cnB) to give 4.0.93gf yellow solid after being dried
and renmoval of solvents. Purification of these crude m xture by col umm

chr omat ogr %993&51%%@ Rictehdedn B ked i AgisHAGr 1111 The dP@decohgstig 6010wisandie 30) as
el uent gave 4. g (50% of23 as a white solid; (Found: C, 1 9 August 2005

WD 02/ 06655FAAGT HEBRA 00RS0ingdd. 72. 6; H, 7.2; N, 5.0. CL7H20BNO2 requires
C, 72.6; H 7.2; N, 5.0%; 8x(400 MHz; CDC13) ,
1.37(12H,s, Me), 7. 23(1H, m PyH), 7. 51(1H, m ArH), 7. 76(1 H, m PyH), 7. 80( 1H,

rn, ArH), 7. 10 PFvice- gﬁﬁtyﬂogm@po )glﬁfnl P AH,and 8.71(1H m PyH);
8c(101 MHz; 13) 24, b r83. 9, 120.7, ?% . 0, Iﬂl128. 2, 129.9, 133.2, 135. 3,

136.6, 5 138.7, 149.6, 154.6, and 157.5; nmlz [APCI}] 283 (MH) Exanple 22

Dhl h-Py ,24 2-T3'-(3",.5"-Di.-b 1):Rh LA 1ol hxt

of 23 (5 155gde ayenives” B el BRRFRAHRAGL Whiky (@5 S Khefaftit U e

tetraki s(tripphenylphns MFigank gt ®li spaatiui) of B4 compared ©3ke Rbsbgctrud of

MNa2CCB8tV (12 cnB), "EtOH (12 cnh) and tol uene; (48 cgﬁ%\é\asb%ﬁ%as%ed and

t hen heat edhaG1rRSfHogphyriy don 2).cfvphas preyiQustyybeep BOSEAYFA & & "%¥gon for

19. 5 h. The-frxt. : ; 20 cnB
P PR Rl B A et iie el highey Ttpacie 20, o)

were added F* S were separated. The 15 aqueous

layer wag epblpge@dionipedk.et her (3 x 20 cnB). The organic .layer andthe ether
extracts were conbined and dried over anhydrous sodium sulfate. The
solvents were conpletely renpoved. The residue was purified by col um

chr omat ogra%h% qyes silica gel using ethyl acetate-light petroleum (0:1 to
1:20) as el ~to give 4.70 g (6699 of 2-4 as. a white solid; (Found: C,
52.6. H, 2.7This bkandldof CratHemBran Ty dapdiimesisGlugptest inFiggred 5, fnd refgegce gy (400
20 MHz; CDC13), 7.29 (1 H,. PyH), 7.57 (2 H m ArH, 7.67 (1 H M ArH),
7.75 (2 H. bcf&raW{Y(dW"f@“ggf'H, m PyH), 7.99 (1 H m ArH), '8.19 (1 H, in,

Coa13) 138, XCBeh LD ¢ .75122.0(9,1%7!\/';,2329. 1,129.4, 132.7, 136.9,

Dichloromethane (5 mL) was added to a mixture of Glppy Ir dimer (9) (411 mg, 0.317
mmol), 2-benzo[blthiophen-2-ylpyridine (10) (1.44 g, 6.83 mmol) and silver
trifluoromethanesulphonate (81 mg, 0.31 mmol) and the solution stirred at room

20 terﬁperature for 5 min and the solvent completely removed. The reactionis shown in Figure
Ty 16. The mixture was then heated in the melt at 150°C for 67.5 h and allowed to cool. The
residue was purified bsr .cbiumn chrom?.tograpliy over silica with dichforomethane — light
p"etroleum'(l:Z to 2:3) as eluent to give (Glppy),bipIr(Il) (111) (130.4 mg, 28%) as an
orange solid. §,,(400 MHz, CDCl;) 0.98 (24 H, m, CH), 1.30-1.60 (32 H, m, all_cyl H), 1.79.

25 . (4 H, m, OCH,CH), 3.94 (8 H, 4, J 5.5, OCH,) and 6.81-8.05 (41 H, m; aromatic H). m/z

(MALDI) 1681.4 (M*, 100%). o
A mixture of the ab_ové obtained iridium bompléx; recycled ﬁgand 5 (about 244
rﬁg), 2-(4-G1-Ph)Py 5 (200 mg, 0.313 mmol) and silver trifluoromethanesulfonate (70 mg,




138. 9, 140. 2, 144. 6, 149. 8, and 156. 8, mz [EI ] 386, 388, 39019 AMdfukt 2005
Exanple 23 2- 3'-G Ph P. 25 3"".5""-Dif4""-(2""" -ethyl hexvl oxv) nhenyl

henyl | nhenyl ) phen 19 August 2005 WD 02/ 066552 -41 PCTI GB02/ 00750 A mi xture
of the baovomesssmpound of Reference Exanple 6(: Gl- BX2PCT&BEH04IS0 g 48 .
mml ), 2-[3 -(3",5"-D -bronophenyl ) phenyl]PYridine (1.32 -g, 3.39- ' mol),
tetrakis(tri phenyl phosphi ne) palladium4Q) (274 ng, 0.237 mol), 2
MNa2CO3(4 (3.7 cnmB), EtOH (3.7 cnB) and toluene (10 cnB) was degassed and

then heat edgay &ﬁdl}was(a%ieb (Width BhtPtehRERRESSUR6-190 G} Hr 88 hundieergon gt for 69
h before be| ng cool’ed. The m xture was diluted wth water (4 cnB8) and

ether (10 cmbonmthmﬂbwg@nsowl@amomémqat@@an¢hé°@mwaﬁ?@€d Thes

r & conbi B SCHat R Feog R oot A ol R BRI 4B, RGN o <

sol vent s wepof ROMMA Lt beroldB(0: 120 BNIL0Y R it tBighve ZUﬂlﬁng#Q%fmsw@mpsf i ed by
col um chroma‘tyography over silica gel 10 uswg ethyl acetate-1]

ht
pet r ol eurd (GefdaringtolrGo3HAMdI L aranpTange yellaw F'BGéum4(19 @dF P‘éﬂd % 18 as

N1 Cotbhganp Sl s G i R 0g) Sin in B2 Py

271; 51(400apdr7; (i@@mmcm}gto 02.1(034361H, inp Mel/1).15- 11.5(3648]H,6ﬁ, Cﬂa H52-m

o 1\ B o 00 bl ol g gl 30 B By el )
PyH & .ArH), \giPanc(?,y%'? 951é39°[11 0‘% ‘?\L}%{zﬂyﬁ} vz MALDH 3105, £088210%, 21082109 AA)

and 8. 76 (1
CDCl 3) 11101, 2110] 2013, 212329132@/1*). 30.5,39.4, 70.5, 114.9, 120.8, 122.3, Sy
124. 4, 124.7, 125.7, 126.1, 126.2, 128.0, 128.4, 129.4, 133.2, 136.8, °
140. 1, 141.6, 142.1, 142.2, 142.4, 142.7, 150.0, 157.3, and 159.2;, mz

[ MALD1] 12 40 1203, 1204 1205 (MN . 20 .Exanpl e 24 Fac 2- 3' CQ Ph P
lr. 27 Fac tﬁ}_ﬂlﬁs—z- 31- 3" 5"-di 3 5 .thvlh hence

Example 19 and 20, leadiné to the formation of a Re dendrimer, are illustrated in Figure 16.

15

" G1-Phen, 31

' {3.5-[4'-(2"-Ethylhexyloxy)phenyllphenyl}phenanthroling
20 Method] -

A.mixture of the Reference Example 6 compound G1-BX, (496 mg, 0.944 mmol), 3
bromophenanthroline (221 mg, 0.858 mmol), 2 M Na,Coyq, (0.5 cm®, EtOH (0.5 om?) and -
" toluene (1.5 cm®) was degassed for 10 min under argon. Tetrakis(t‘iphenylphosphine)
palladium (0) (32 mg, 0.028 mmol) was added to the reaction mixture and then heated at
25 reflux under argon. for 22 h. The reaction was allowed to cool to room temperature and
diluted with water (20 cm’®) and ether (20 cm®). The two layers were separated. The -
. aqueous layer was extracted with ether (3.X 20 cm®). ‘The organic layer and the ether
" extracts were combined and washed with water (1 X 40 cm %), dried over anhydrous

magnesium sulfate and the solvents were removed. Silica gel column chromatography |




hen ri _dir4s,,, 211,,, henvl) hen | 'dine iridium(IMA r’qg< 55
(2.97 g, 2.47 mol), iridiumchloride trihydrate (174 ng, O. '55'%6 9(?% 25

H2O (4 cnB) and 2-et hoxyet hanol (13 cnB) was heated (bath tenperature: 107
C) under wogemnssssr 60 h before being cool ed. The preci piRCAVEBRA8TSPI | t er ed
off purified by a silica gel colum using DCMI|ight petroleum (1:30 to
1:10) gave a yellow solid (900 ng) as t?f 19 August 2005 WD 02/ 066552

PCTI 6802100750 -42 chl oro bri dged dieter® 26. 8H 500 MHz; CDC13) 0.82-108 (96

m A Cor) | 615 orBbe R oSSR e B R Rl it

(4 H AH, I@ﬁrﬁsovmsg&rdﬂh 1572% &@@Wdﬁ (eﬂd&x’mﬁl m® 133850),, 58. 18 (4
HmPyH), nd951 Pél 11614 23. 5,
24.3. 29.5 (zm»@{zsw@l,)wmsi ml\ée 12@352(1162&%@ , b71-1.8 (ZH m,

1253 128 Bciih b 2npaidted, 1 En 2Ry S bR, s Phepig, 15
\(N%??gggg re gmﬁs @lhbaﬁ) 28261 Hl CY1aHR9AENZ0S)(1 B, Meansvbist &.7 HAPliekDesd3 of 25

chr onmat ogr afph @iﬁe’rsg%&{{ggztg%eenﬁg:f’% @Eﬁ?d{}i% u%légq}ﬁgﬁtblﬁé! }gflegh—%g‘ 30 to
110, s s el 0 iessooRenbicyos B o oo )

the recycle \ier tri anesul’fonate (300 ng) was

heat ed (bat 23 mzamume 1254551232f1cz97a1m eeHr, 186k 13809 d30.7,TiHé. SEIefédtl on

was then al l-&%ed t 00l to roomtenperature. brown yel | ow m xture was
biriBgs L6

di ssol ved i A& ]c5|9d é?owanbﬁ%m{ bout 10 cnB before

-bei ng pulrd fied on silica gel columm with eI uent of DCM i ght petroleum

(1:20) as eluennt to give >750 ng (>40%for two steps referring to IrC13
3H20) of 2, Me#twd 2ayel | ow sol i d; TGA() 400 C, (Found:- C, 80.7; H, 8.0,

N, 1.1. C255H' IN3O12 requires 20 C, 80.8; H 8.0, N, 1.1%; X, ,,nm(thin
fil n) 271, 340 (sh), and 390; 8n(400 MHz; CD2C12) 0.82-1.02 (72 H, in,

Me) , 1. 284. 6 (i QQuktk ofifle fi er&h&fbo%olﬁﬂe&ﬂ@:ﬁh 07 ngrl)l), brcﬁn@ﬁlieﬁeﬁlﬂdphm (B OCH2)
o9 7 2 glo I(-)l SS?rnl;lmngf_%& N 0202 %4 cm?) EtOHl_& cm®) and g;oluene (16 cm®) was
g 4 Vsteg »
15 degassed for 15 min under argon. Tetrakis(trisphenylphosphine) pdla@m {0) (21 mg,
0.018 mmol) was then added to the reaction mixture before being heated at reflux under
argon for 22 h. The mixture was allowed to cool and diluted with water (20 cn?®) and ether
(20 cm®). The organic layer and the extracts were combined, washed with water (40 em®)y
. and dried over anhydrous magnesium sulfate. The solvents were removed under vacuun.
20 Pilriﬁcation on silicé. gei column using MeOH-ethyl acetate (0:1 to :9) as eluent gave 333

mg (88%)of 31l asa colourless oil.

Example 20

25 Gl-PhenRe,32




in, Pyl),

703 {12 H7-72 (24.H, m AH, 7.78 (3 H in, PyH, 7.82 ( AlgqustnoodsH),

in, ArH), 802 (3 H in, ArH, 8.09 (6 H m ArH), and

8.14-8.24 (6 H, in, PyH& ArH); mz 25 [MALDI] 3791 (broad) (M. 19

August 260502086502/ 066552 - 43 PCTI GB02/ 00750 o d O CPRRGRI¥YMWARav M -

tt~n~D~t' dMcriN ea > as OiC OO OO ACl4, ~ "t 4Q0044-40 4 ~" : d

10

15
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25

-39-

A mixture of the phenanthroline ligand 31 (126 mg, 0.190 mmol) and pentacarbonylchloro
rhenium (681 mg, 0.190 mmof) in 10 cm?® of toluene was heated at reflux for 1.5 h. The
mixture became yellow then orange. The reaction was allowed to cool to ambient
temperature and the solvent was removed undc::r reduce pressure. Purification on silica gel
column using DM-light petrolenm as eluent gave 76 mg (41%) of 32 as a bright yellow
powder; Vi, /em™ (KBr) 2021, 1916, 1893; (Found: C,60.5;H,5.5; N, 2.8; CisH5CIN,OsRe
requires C, 60.6; H, 5.4; N, 2.9%); Aqa/nm (thin film) 276; m/z [MALDI] 935 (M-Ci). |

;;;;;

Examples 21-24

These Examples are illustrated in Figure 17

Example 21

-PPh-BOR,

2-[3'-(4" 4" 5" 5"-tetramethyl-1".3" 2"-dioxaborolan-2"-ylphenyl|pyridine

Tert-butyl lithium (i .7M, 36.6 c®, 62.1 mmol) was added to a cold (dry-ice/acetone bath)
solution of 6 (8.10 g, 34.6 minol) in 130 cm® of anhydrous THF under an argon atmosphere.
The mixture was stirred at -78 °C for 2 h and then 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (9 cmy’) was added ;apidly to the cold mixture. The reaction was stirred at -78

| °C for 2 h.and the dry-ice/acetone bath was removed. The mixture was then stirred at room

temperature for further 20 h before being quenched with H,O (30 cm?). The two layers were
separated The aqueous layer was extracted with ether (3 x 40 cm®)*. The organic layer and

the ether extracts were combined and dried over anhydrous sodium sulfate and the solvents

- were completely removed.

* The aqueous layer was washed with NaHCOjy ) (1 x 40 c *) and extracted with ether 2
x 40 cm?®) to give 4.0 g of yellow solid after being dried and removal of solvents.

“Purification of these crude mixture by column chromatography over silica gel using DCM-

Tight petroleum (0:1 to 1:30) as eluent gave 4.92 g (50%) of23 asa white solid; (Found: C,

u

A, .
-




4 0 w nono , +o0bo4Q0r-0 rn mMN enAAOIMN  a o ~co00t ~*Ndvoi seeCl A |
34 000qgd 7d .DrnNoNitp~o ooc-M0 j g o C-NC fgﬂjbug

WO 02/066552 PCT/GBO2/00750

-40-

© 72.6,H,7.2;N, 5.0. Cp7H,;BNO, requires C, 72.6; H, 7.2; N, 5.0%); 5,(400 MHz; CDCL,)
1.37 (12 H, s, Me), 7.23 (1 H, m, PyH), 7.51 (1 £, m, ArH), 7.76 (1 H, m, PyH), 7.80 (1 1,
m, ArD), 7.87 (1 H, m, PyH), 8.14 (1 H, m, AH), 8.40 (1 H, m, ArH), and 8.71 (1 H, m,’
PyH); 8,(101 MHz; CDCL,) 24.9, 83.9, 120.7, 122.0, 128.2, 129.9, 1332, 135.3, 136.6,

5 138.7, 149.6, 154.6, and 157.5; m/z [APCI*] 283 (MH").

Example 22
DBPPh-Py, 24

2-[3'-(3".5"-Di-bromophenylphenyl ﬁdme
10 A mixture of 23 (5.15 g, 281 mmol), 1,3,5-tribromobenzene (6.92 g, 315 mmol),
tetrakis(triphenylphosphine) palladium (0) (846 mg, 0.732 mmol), 2 MNa;COy,, (12 cn®),
EtOH (12 cm®) and toluene (48 cm®) was degassed and then heated at reflux (with bath
temperature of 105-110 °C) under argon for 19.5 h. The mixture was allowed to cool. Water
(10 cm®) and ether (20 cm®) were added to the mixture. The two phases were separated. The
15 aqueous layer was extracted with ether (3 x 20 cm®). The organic layer and the ether extracts
. were combined and dried over anhydrous sodium sulfate. The solvents were completely
removed. The residue was puriﬁe,d by column chromatography over silica gel using ethyl
acetate-light petroleum (0:1 to 1:20) as eluent to give 4.70 g (66%) of 24 as a white solid;
(Found: C, 52.6; H, 2.5, N, 3.6. C7HuBrN requires C, 52.5; H, 2.9, N, 3.6%); 84400
20 MHZ CDCL;) 7.29 (1 H, m, PyH), 757E'2H m, ArH), 7.67 (1 H m, AtH), 7.75 2 H, m,
ArHD), 7.79 2 H, m, PyH), 7. 99(1 H,m, ArH), 8.19 (1 H, m, ArH),andS 74 (1 H,m, PyH);
, 86(101 MHz; CDCl,) 120.7, 1225 123.2,125.7, 126. 9 127.6,129.1, 1294 132.7, 136.9,
138.9, 140.2, 144.6, 149.8, and 156.8; mlz [EI] 386, 388, 390 (MH").

‘ 25 Example 23
2-(3'-G2-Ph)Py, 25

2-[3-(3"-{3". 5"-Di[4"-(2""-ethylhexyloxy)phenyllphenyi}phenylphenyllpyridine
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A mixture of the boronic compound of Reference Example 6(: G1-BX)) (4.50 g, 8.48
mmol), 2-3 *(3",5"-Di-bromophenyl)phenyl]pyridine (132 g, 3.39 mmol),
tetrakis(triphenylphosphine) palladium (0) (274 mg, 0.237 mmol), 2 M Na,COypq (3.7 cm®),
EtOH (3.7 cm’®) and toluene (10 cm®) was degassed and then heated at reflux (with bath
temperature of 110 °C) under argon for 69 h Before being cooled. The mixture was diluted
with water (4 cm®) and ether (10 cm®). The two layers were separated. The aqueous layer
was extracted with ether (3 x 10 cm®). The organic layer and the ether extracts were
combined, washed with brine (1 x 30 em?), dried (Na,SO,) and the solvents were removed -
to leave a light yellow oil. The oil was purified by column chromatography over silica gel
using ethyl acetate-light petroleumn (0:1 to 1:30) and then DCM-light petroleum (1:20 to |
1:10) as eluent to give 2.97 g (73%) of 25 as a white foam; (Found: C, $4.8;H,8.7,N, 1.L.
CysH o NO, requires C, 85.0; H, 8.5, N, 1.2%); Aqe/nm (thin film) 271; 85(400 MHz; -
CDCl,;) 0.90-1.02 (24 H, m, Me), 1.33-1.60 (32 H, m, CH,), 1.73-1.88 (4 H, m, CH), 3.94

(8 H,m, ATOCH)), 8.05 (8 H, m, ArH), 7.23-7.32 (1 H, m, PyH), 7.62-7.73 O H, m, AsHD,

7.77-7.90 (9 H, m, PyH & ArH), 8.02 (3 H, m, ArH), 8.07 (1 K, m, ArH), 8.38 (1 H, m,

* ArH), and 8.76 (1 H, m, PyF); 8c(101 MHz; CDCL) 11.1,14.1,23.1,23.9,29.1,30.5, 394,

70.5, 114.9, 120.8, 122.3, 1244, 124.7, 125.7,126.1, 1262, 128.0, 1284, 1234, 133.2,
136.8, 140.1, 1416, 142.1, 142.2, 142.4, 142.7, 150.0, 157.3, and 159.2; m/z [MALDI]
1201, 1202, 1203, 1204, 1205 (MEL).

Example 24 -
Fac 2-(3'-G2-Ph)Py] Jr, 27 | | E
Fac tr15{2 r3"(3" §tr_dif3'tr 5t odif4rn.(2mt-

A mixture of 25 (2.97 g, 2.47 mmol), iridium chloride tn—hydrate (174 mg, 0 50 mmol),.
H,0 (4 om®) and 2-ethoxyethanol (13 e %} was heated (bath temperature: 107 °C) under

- argon for 60 h before being cooled. The precipitate was filtered off* punﬁed bya s1hca gel
" column using DCM—hght petroleum (1:30 to 1 10) gave a yellow solid (500 mg) as  the
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above were obtained from devices. which were prepared according to one of
the follow ng procedures. 5 Standard device (no PEDOT)

42~

chloro-bridged dimer 26; 8;(500 MHz; CDCl,) 0.82-1.08 (96 H, m, Me), 1.32-1.63 (128

H, m, CH,), 1.74-1.88 (16 H, m, CH), 3.93 (32 H, m, ArOCH,), 6.26 (4 H, m, Ar),

6.98 (4 H, m, PyH), 7.06 (32 H, m, ArH), 7.16 (4 H, AtH), 7.71 (32 H, m, ArH), 7.80-

8.03 (44 H, m, ArtH & PyH), 8.18 (4 H, m, PyH), and 9.51 (4 H, m, PyH); 8.(126 MHz;

5 CDCL)11.6, 14.6,23.5,24.3,29.5,31.0,39.8,71.0, 115.3,119.4,123.1, 124.7,124.9,

125.5,128.8,131.6,133.8,134.9,137.0,142.5, 142.8, 143.0, 143.5,145.0,145.8,152.2,

159 6, and 168.8; m/z [MALDI] 2591, 2592, 2593 (C0H00ItN;05-CLY), 2626
(Cl70H2GDIrNZ 8)

*Meanwhile, the excess of 25 was recycied (1.96 g) from the solution after purified by

10 column chromatography over silica gel using ethyl acetate-light petroleum (1 3010 1:10)

as eluent.

A mixture of the above obtained iridium complex (900 mg), therecycled _2_5_ (1.96 g) and
silver trifluoromethanesulfonate (300 mg) was heated (bath temperature: 145 °C) fora
15 woek under argon, The reaction was then allowed to cool to room temperature. The
brown yellow mixture was dissolved— in 50 cm® of DCM and tﬁen concentrated to about
10 cm? before being purified on silica gel column with eluent of DCM-light petroleum
* (1:20) as eluent to give >750 mg (>40% for two steps referring to IrCly3H,0) of 27 as
a yellow solid; TGA s, 400 °C; (Found: C, 80.7; H, 8.0, N, 1.1, CZSSHmJﬂ\I3O,2 requires
20 C, 80.8; H, 8.0, N, 1.1%); Aye/nim (thin film) 271, 340 (sh), and 390; SH(400 MHz;
CD,Cl,) 0.82-1. 02 (72H m, Me), 1,28-1.61 (96 H, m, CH,), 1.70-1.84 (12H m, CH),
3.91 (24H, 1m, ArOCHz), 6.97-7.12 (30 H, ArH & PyH), 7. 2 (3H,m, ArH), 743 (3 H,
-m, PyH), 7.72 (24 H, m, ArH) 7.78 3 H, m, PyH), 7.82 (6 H, m, AtH), 7.93 (12 H, m,
_ - ArH), 8.02 (3H m, ArH), 8. 09 (6H m, ArH), and 8.14- 8.24 (6 H, m,PyH&ArH) m/z
C2s [MALDI] 3791 (road) (M+) |




1. Etch ITO squares 12x12 mminto 4x12 nm I TO strip by aci{ gidult 2095.

Acetone rinse for 10 mnutes with ultrasonication 3. Propan-2-ol rinse for

10 minutes with ultrasonication 10 4 Substrates dried under dry nitrogen

fl ow 5. gles subject to oxygen plasma treatment fg g pHEss at 100 .
0 . . . T. / .

W 6. Dendri rr{s\r > I | m deposited by spin coating 7. Substrgt’g;s ppkglced in

vacuum evaporator 8. 20 rum of cal ciymdeposited at 0.1 nm's under vacuum

of | x10' pBar—-15 9 _ 100 nmof gl um-diIm.deposited at 0 nog s under _vacuum
of Ixl0 r 'Ih step §, t)]pic soj uti pn cepnceptrati onfof 20 ng/mM was
used to aphi fil thijckn -12p nm a goncgntrgtion of 5
mg/ M was dchifgve 18s ¥ b nip TH® s¢lvent was -
usual ly Q he spiﬂ ratle 2000 rpm f .'f‘ . 20 Fof the¢ deVices
wi t h PEDQ OW mg stieps wer - [ veen|steps 5fand | 6: A
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SUBSTITUTE SHEET (RULE 26)



coating was performed using solutions in CHC13 (CBP and qur%&% uene
(TCTA) 5 at a concentration of 5 ng/m wth spin rate 2000 rp or

The dried spin-coated filns were then transferred to the chanber of a
vacuum ewapeiedsssz, W t hout exposure to air for vacuum dppDeBt2IS0Of
subsequent organic charge transport l-ayers and/or netal electrodes at |ow
pressure (<10-6 torr). The thickness of the evaporated |ayers was n
iitored by an in-situ quartz crystal mcrobal ance and material was

deposi ted atfh@rers E?%tvéhoab&f'e @eréb@taﬁe&‘ﬁbﬁde@@éé‘vﬂﬂ& wb@fé%%g@&d Al 37 em t
green light wt E. co-ordinates around V\:hl I st devices
‘based on 1l ilmeaﬁﬂlefcébwhng;hocedmeh Cl.E co- ord| nat es around (0.64, 0.35).

15 As can be seen fromthe results in the table, for the green enmtting Ir
dendrinmers it can be advantageous to blend the dendriner with a

char ge- t rangpekiih MEvicetBPEIOT)( TCTA or CBP). A hol e-bl ocking |ayer (TPBI)
bet ween the m ssive |ayer and the cat hode can give a further efficiency

“inmprovenent. It was found that the rat|o of 11 to 20 TCTA was fairly

flexible, and ov f (V riation in the
efficiency of thE{c&grtl;é stol 3:%% ° \?‘ta{gt geoustritpﬁyl4cen t he

phosphor escent dﬁ@&bﬁd@isefoﬂﬂtﬂﬁnmﬁhﬂﬁmtﬁb(ﬁﬁdahom transporting rmaterial
(TPBI') and a bipol ar charge transport material (CBP) as this "allows a
remar kabl y Bi gh Broppep-whdysedor Humpuies ad@altraseniradiogevice with only a single

or gani.c y grg( Exanple Z This exanple is -
I 11 ust ralltogd% n Fg‘g'ﬁslt%{e gxé%ﬁ%ﬁg}%ﬁg nzfﬁ‘ﬂl thvhexvlo Tris(4-13 6"-D1[4""
henvl | oar bagol v| Saisentes fubjdctie ck9gei jdasata tRAMEenNOr 0 1nineBSFA0P® | GBO2100750

-46 Tris(di benzyli deneacet one aIIadr 0 Pd2(dba) 3] 14ng, 0.015 mmol
andtri -t érté. yDendnmerﬁ%ndepc?sxted v spin coa rré ) ( ) 3] 9 )

7 Substrates placed in vacuum evaporator
8. 20 nm of calcium deposited at 0.1 nm/s under vacuum of 1x10° mBar

15 9, 100 nm of aluminium deposited at 0.1 nm/s under vacuum of 1x10 mBar
- In step 6, typically a solution concentration of 20 mg/mi was used to achieve a
film thickness of 100-120 nm, and a concentration of 5 mg/ml was used to
achieve aa film thickness of 45-50 nm. The solvent was usually ChCl; and the
spin rate 2000 rpm for 60 sec.
20 For the devices with PEDOT the following steps were carried out between steps 5 and
6: - -
A.  PEDOT spun from water solution at 2500 rpm for 1 minute -
B.  PEDOT layer dried in air at 85 °C for 5 minutes

25 TCTA is tris(carbazolyl)triphenylamine
| EHP-TCTA was prepared as in Example Z.
CBP is 4, 4’-N,N’-dicarbazole-biphenyl.
BCP is 2, 9-dimethl-4, 7-diphenyl-1 ,10-phenanthroline.
_ TPBIis2,2°,2" -(1,3,5 phenylene(ms[l-phenyl-IH-benzmndazoIe]
| 30 Devices for 111 and 27t were prepared in the following manner. ITO substrates
were patterned by photolithographic methods, cut into squares 1" x 1" and cleaned
sequentla]ly in detergent, NHj: H;O,, 1:1and detonized water for1 hour in an ultrasonic

bath before drying in a stream of dry nitrogen. The dry substrates were transferred into




butyl phosphine (10%in hexane, 0.01 cnB) were added to a depasgfige2doschl enk
line, evactuated and back filled with argon) m xture of carbazolyl
conmpound (3,6-di[4"-(2"- ethyl hexyl oxy)phenyl] carbazol e; DEB?-Car) (860
ng, 1.49 womzpssssx i s(4 5 bronophenyl)am ne (200 ng, 0. 48GH/GREION7S0sodi um
tert-butoxide (240 ng, 2.49 mol), awgk.distilled toluene (1.0 cnB) and
xylenes (1.0 cnB). The dark purple m xture was degassed agai n before being

heated at r%fwm(mmb&h@ﬁt@o%%m%&&@&@ Qferel 3fActadN @, planfoRedtdEnt4 days.
The nixture was allowed to cool and quenched w th H20 0 5 cnB) _apurified

by col um cr(Emmaa;higmpK;plmemm@uat6Q:Wg‘er4msn3n@lmmﬁﬂl¢@fﬁ exdopedeRY (0: 1 10

Toa(suy. 37t TR ik ot A e hoRler @Rl lhe BBt ol !
-1.09 (36 Hcoffin, erfénn%ﬁuﬂm@?d%uﬁc&sHLCHCh@JBPaﬂdTGTA) 890luene{TCHA)CH) , 3. 95
(12 H m ArOCH ‘? in, Ar 54777 6H m ArH&CarH)

and 8. 40 :@6 aHacmcemmwo feag/@’ﬂmmmra nfor B The doesl spin-eogied o9 g

31.1, 39. 1

128. 7, 133. 4 wgEeT ‘2116“'?’”%‘5’6“5“%éhg‘?‘}%ﬁg;i%%%vﬁgtf@% ']J%ﬁ oo 1968,
1769, 1970, air%ilva(c%ﬂx-daﬁbdﬁmﬁaifMm@ﬂﬁﬁgmmgefmmmdayaﬂawmmﬁmr e of
3, 6-di bronmpcar bazole (12.0 .. the bo n| C co t}!‘P'd -0-

(Ref erence Eleskpics ajjow QEFSSJ‘:‘T‘Q(<1% t‘EFWF)th“ﬂFﬁ? (°tv?l?°5 BHo@hi ne)
| | adi %@@&@%& 40 cnB
g(rj\ld ?o: 3?ne'%%§9g¥g?m£mq§e a sed a%%lMt[ en heated at refltgi%ﬁeg batCh )

t enper at 10 e ofD.110PnfG)s. under argon for 42. h. The m xture was allowed to.
cool and diluted.with H20 (30 cnB) and 25 ether (40 cnB). The two |ayers'-
were separated. The aqueous |ayer was extracted with ether (3 x 40 cnB).

The organic |aye'i)e@lﬁgsﬁa@@d@ﬁWbﬁﬁéﬁ@hﬁeﬂ‘ﬁ%ﬁvﬁﬂi@ﬁﬂee&oﬂmﬁm@rmﬂh brine
(1 x 50 cnB) and dried (Na2SQ4). The sol vents were conpletely remgved and

purified by (@31.WG3) wmlﬁrfhm@rlaﬁﬂdwnd\léﬁmglﬂtd light with CJ<5-58-oatinglés asWlat e- | i ght
petrol eum %8} 4%}1 10) and DCM et hyl acetate-light petroleum (4:1:20) as
eluent to gil¥&%Ls 30 (69% of DEHP-Car as a white solid; mz [APCI}].
576 (M')s Examle 26 1 9 August 2005 WD 02/ 06652 47 PCT/ GB0210Q750

_ As can be seen from the results in the tabie, for the green emitting Ir dendrimers
it can be advantageous to blend the dendrimer with a charge-transporting material
| (TCTA or CBP). A hole-blocking layer (TPBI) between the missive layer and the
cathode can give a further efficiency improvement. It was found that the ratio of 11 to
20 TCTAwas fairly flexible, and over a range of 5-11 mol% there was little variation inthe
efficiency of the device. It can be advantageous to blend the phosphorescent dendrimer. . .
with both an electron-transporting material (TPBI) and a bipolar charge transport i
 material (CBP) as this-allows aremarkably high efficiency to beachicved froma device
with only a single organic layer (final row in the Table).
25 -
| Exawmple Z

- This example is illustrated in Figure 18.
30 EHP-TCTA

Tris(4-{3".6"-DI[4"-(2""-ethyhexyloxy)phenylloarbezolyl} phenyDamine




This exanple of a blue emtting Ir dendrimer is illustratefyhfigdst gogse 19
and reference nunbers apply accordingly. 5 G-Styrene (4) Potassium
tert-butoxide (0.98 g, 8.76 x 10-3 nol) was added slowy to a stirred

m xture VP OX6FdUnd (1) [ Reference Exanple R3] (3.00 gFCHOBRAW™S010' 3 npl)
and nethyltriphenyl phosphoni um i odi de4g2.83 g, 7.01 x 10-3 nol) in THE (30
cnB). The =h&ure was stirred for 1.5 hat AT and the sol vent renmpoved in

-vacuo, petr gl bRt QBRI (07 PAS(R),] Mg A dnmelyndii-yertsr e
stirred for ?Lfgwnge%iﬁpassed t%r%ughla %Zg’ gf&@%i i ca and ?Secggo uct eluted

with petrol butylfhosphiiedi0%0n dexameDoM 4mD wese gdded do 2 degass ok ipe.. vield

2.0 g (67%; SH(200 Mdiz: 13) 7.6 ' b FaQ2(d, 4 H),
6 85° (dd, pecigpiedang b oA vigh afgongmbliye 8 gondiyPplebnt A E L © B
| 311) , 1. 70- 1¢@L§;h@g910,15@phehgu HharBa Al DERR-€hr) (860 mg, 1.49 mmol), tris(4-

- (2. 4-di uoi - ophenyl )- 5- br omopyri di ne (5) A m xture £ 49 )

2, 4-di f | Uor bpheophtid)leoyined2¢lmeg) 0¢4lp npmlhwd&mfzr@z‘t%ﬂdf&@%ﬁ) 9 myme),

di br onopyri di ne. {(. , I 3 mixture was

t et r aki s(tr%ﬂgﬁé}ﬁ%%{?gﬁﬁ? o9 %‘Eﬁ)ﬁ”é@i’%%}’?%@‘d%)‘( e dark P S S ol )
aqueous SodijkiRssArdpsindieRors Bling heated(a? Mflu (RittcbB) femmetatanesif 18¢°Q) vedd) and
toluene (1.5 cnB) was heated under peflux for 4[8 h:‘a“\raat Sl(égogg%) and DCM
(15 cin3) wersenderdednyst W@@Pﬁ‘&ﬁﬁ’@sﬁg‘?’é‘?ﬂ%@ﬁg?ﬁ dgpne “ggﬁ ver an erous
magnesi um sul phatee .. f [ 1t er [ 4 Al DHENMEhepdiolmmy0ili d, whi ch
was purifie&gg%&“rgg%;l’s a ﬁ%g%aﬁgﬁaﬁf%%%gﬁﬁﬁtgw ce. 25 Yield 240 ny
(42% ; St ( 890:10 s lEREIBYive 468 mied(57% dfiZ asa: it bravm ygllowrsaid; THpewH) , ~ 7. 72

(5) (306" m5 Gl st e 208 A PAHE LR 9T S MGG

Herrmann's galay t(g@gg] @gji,lh32§39<(5l-g'm§opg,l3)9sMmﬁﬁﬁbémamzﬂe (6
0.13 g) and 2,6

cmB), sodium carbonaté (

-di-tert-buty’ls‘gé(f_ﬁgss&l& 0.14 g, 2.86
x 10-4 nol) i QLS4TI0 Bomo 20He6EsH), mat BEBEP Hh a7 A28 ed at
140 C for 2 d. _ I d, 13418 195.82ani C

| ayer separ @Mi&@ﬁ%ﬁgag%%@%?ié%&ﬁ%?m&r():,ggglﬁo‘s’gﬁiggh}\ydrous magnesi um
~ sulphateys 1359, 128.5, 128.7, 133.4, 133.9, 134.7, 140.9, 146.8, and 159.1; m/z [MALDI] 1967,

o 1968, 1769, 1970, 1971 (MH").”

)

- DEHP-Car was prepared as follows:

20 A mixture of 3,6-dibromocarbazole (12.0 g, 37.1 mmol), the boronic co;npound GO -
BX,(Reference Example 4) (24.1 g, 96.4 mmol), tctralcis(t‘ipl}e_mylphosphine) palladium
(0) (800 mg, 0.692 mmol), 2 M Na,COs, (40 ent’), EtOH (40 cm®) and toluene (100
cm®) was degassed and then heated at reflux (with bath temperatlire of 100 °C) under

_ argon for- 42 h. The mixture was aflowed to cool and diluted with H,0 (30 cm®) and

25 . ether (40 cm?). The two layers were separated. The aqueous layer was extractedl with
ether (3 x 40 cm®). The organic layer and the ether extracts were combined, washed with
brine (1 x 50 om®) anid dried (Na,80,). The solvents were completely removed and .
purified by column chromatography over silica gel using ethyl acetat_e-light petroleum
(0:1 to 1:10) and DCM—ethfl acetate-light petroleum (4:1:20) as elue.nt togive 14.7g

. 30 (69%) of DEHP-Car as a white solid; m/z [APCI] 576 (M),

- Examp_le 26




filtered and concentrated to a brown oil which was purlflefbp,yl_@pém
chromat ography [silica gel, hexane eluting to DCM repeated -~ silica gel,
DCM to yield a pale brown 5 oil. Yield 316 ng (40% &a (200 MHz; CDCl13)
8.91 (d, Iyykoosossk0 (m 2 H), 7.86-6.95 (m 1-6$U) 3. 92PCEGBR/OYS 1, 78
(kept, 2 H, 1.70-1.25 (m16 H),. 0,96 (m 1211) Conpound (7) 10 A m xture
of . conpound (6) (450 ng, 6.41 x 104 nol) and pal |l adium on carbon (5% W w,

.34ng)inT (7c sti.gre of
hydrogen GG Pdofd By iae frde AR R b e BRI RIGERT
rinsed thro orﬂlﬁ@ cnB). The sol ution was concentrat ed to a pale
brown oil whic vva purlfled by colum chromatography [silica gel, DCM.
15 Yield 357 ng (79%; & (200 MHz; CDC13) 8.56 (d, | H), 8.00 (|n 1H)
7.75-6.85 (m 15 H), 3.91 (d, 4H), 3.08 (s, 4 H,1.78 (hept, 2
H,1.70-1.25 (m16 H, 0.96 (m 12 -H) Conpound (8) A m xture of conpound (7)
(175 ny, 3-@-&@%(&})') iridium (111) chloride trihydrate 20 (40 ng,

1.13 101 | 2- but th | (2.2 ¢nB d heat ed
2i 140" 1 arotasium ematniope (6g: 5 UETD P Rbow I SRR 07 oan e
N d d R wes mol)i ddded b

o imm * chr oAneapPaK, (Do A EAECE-andey R3] 00, & FCr o 60oB0-C 1: 11

colum chr Ica ge rol eum fraction 60- 80 C 1 11 to

‘yield a yel I,g&ﬂlplltd;phenﬂpmphmm:x(ib)ilc(e&z 3R, 7@129102’ mo) B Gfhem?;

] bl 1 B S B

" product S q@l;f gwat ed %{Hrﬁﬁﬁir@%ﬁém%r i@mﬁn,pansejbﬂkmoum/ppxbof ol eum

PCT/ GB02100785
fraction 0

times) to vyield a | ass, SO|Id
Yield 11 ny s(iHB@alﬁl t(ué@;eodmuqlut@b@ts)pe@olmn(@m@ﬁg -80 %C@Eﬁ\\év 4%‘
6.30 (in, 6 {SmIZH) 2.70 (m 12 H), 173(hept6H),
1.70-1.25 (rﬁC’l%leFﬁO‘ 0.96 (m 36 1 The PL data for this dendriner are as
follows: A thiehs. Dgr(@?%?)f 5,260 wEE; @DCQW@@,CBHB,MEI(SCBFI)?QZ)(dAﬁ%)(ﬁsi:onpound

8) wa repared 1 n coating the dendr r roma 1nmo/ m
SZ)I Ution i n (@AM, 568 1 H), 5.35 (4, 17, 3.92 (d, 4 '1%&% i, i“ié‘ﬁ‘is ofga 1ng
15~ H), 0.96 (m, 12 H)

2-(2,4-diflyorophenyl)-5-bromopyridine (3)
" A mixture of 2,4-difluorophenylboronic acid (2) (0.37 g, 2.32 X 10 mol), 2,5-
dﬂ;romc)pyridine 3)(0. 5 g,2.11 x 10 mol), tetrakis(triphenylphosphine)palladium (B)]
'20 (80 mg, 6. 96 x 10° mol), aqueous sodium carbonate solution (2M, 0.2 cm®), methanol
(0.1 cm?®) and toluene (1.5 cm®) was heated under reflux for 18 h; Water (10 cm®) and
DCM (15 cm®) were added, the organic layer sepatated, dried over anhydrous
ﬁnagneéiuni sulphate, filtered and concentrated to a crystalline solid, which was purified

by recrystallisation from ethanol twice. ' |

25 Yield 240 mg (42%); 3,(500 MHz; CDCl;) 8.81 (4, 1 H), 8.06 (m, 1 H),7.93 (m, 1@,

7.72 (m, 1 H), 7.07 (m, 1H), 6.98 (m, 1 H)

. Compaund ( 6)
A mixture of compound (5) (306 mg, 1.13 x 107 3 mol), compound (4) (696 mg, 1. 36 X
30 10° mol), Herfmann’s catalyst (12 mg, 1.28 x 10% mol), N;N-dimethylacetemide (6

m?), sodiﬁm carbonate (0.13 g) aﬁd 2,6-di-tert-butyl-p-cresol (0.14 g,2.86 x 10 mol)



rpmfor 1 mn. The CIE co-ordinates of the PL em ssion (exg A@jusPPogdt 333
run) were x-- 0.144, y=0.326. It should be noted that in this exanple, as
in the other Ir dendrimer exanples, all three 15 of the groups

coor di natWeg2/e&@532he Ir are coval ently bound via |r-C anECT6BRMEAds. Such
coval ently bound systens may have ad¥antages in terns of stability over
systens in which one of the three coordinating groups is nore ionic in

charact er . HEALIE 1461032 AR o) thd W1 G Wellhalla 6 8

conpri ses at one Iayer t at cont INns an " organonet a en r| mer
with a netal cation I, t Foks id core not cc crls
nmagnesi um chnaéﬁ CLIRHS Vb%@ vf"t J ?98 %v%qnglyﬁraﬁ%a@lm bé]%e?rel n the

organonetal | i ¢ dendri ner has the formnula .. _CORE- _ [ DENDRI TE] () |n
whi ch CORE {filigred aadeepcentizord 40 2 brapn gl “@P&r‘mﬁu@%ﬁﬁwcﬁlw chromatogranhyn |
represents an integer of 1 or nore, each DENDRI TE, which may be the sarre
or di ff er en(silicacgyl, dermesluting iQﬁQM%mpeytedtt— sllieagel, Dé}l\/ﬂltabde;d apalg brgwned
dendritic nolecular structure conprising aryl and/or heteroaryl groups or
ni t-rogen |angdjl, optionally, vinyl or acetylenyl groups connected via sp2 or
sp hybridised carbon atons of said (hetero) aryl vinyl and acetyl enyl

groups or v mm @ﬂﬁp& e 910 HRGRS95 @HRE
term nati ngwﬁﬁa?g S|(£r119 |'e Szzon |cﬁls?gd%:g&]nggg gd ?gyialr-lmspZ hybri di sed

(ring) carb . rogen to which
" nore than ofé ?%g@%@%{g(gﬁ@yﬁ@ ﬁjga?%fc?e%ra:étel@’% i{Lch i s attached,
said ring car bon atomor Nformng part of said DENDRI TE. 3. A device
according to claim|l wherein the organonetallic dendrinmer has the fornula
'(II) CO?E—%v NDRI TE&] " [ DENDRI TE2], (I1) in which CORE represents a netal
ion or a gréapreed@ ning a metal ion, n and in, which may be the sanme or
different, .each represent an integer of at least 1, each DENDRI TEI, which
may be tite Aamixtwe oflcdrhinad (6)\Wihmp, 6.41 grléAnmi) ardgmailadium on carbon (5%

wiw, 34 mg) in THF (7 cm®) was stirred vigorously under an atmosphere of hydrogen

"+ for 18 h. The mixture was passed through a pad of celite and rinsed through with DCM

(75 em®). The solution was concentrated to 2 pale brown oil which was purified by
column chromatography {silica gel, DCM].

15 Yield 357 mg (79%); 8x(200 MHz; CDCL) 8.56 (d, 1 H), 8.00 (m, 1H), 7.75-6.85 (m,

15 H), 3.91 (d, 4 H), 3.08 (s, 4 H), 1.78 (hept, 2 H), 1.70-1.25 (m, 16 H), 0.96 (m, 12 H)

Compound (8)

A mixture of compound (7) (175 mg, 2.49 x 10" mol), iridium (11x) chloride trihydrate
20 (40 mg; 1.13 x 10" mol), 2-butoxyethanol (2.é cnr’) and water (0.35 cm®) was heated at

140 °C for 20 h. DCM (10 ¢cm®) and water (10 em?®) were added, the organic layer )

s;eparated and concentfatfad to a yellow oil which was purified by column '

ch.romato graphy [silica gel, DCM—ISetroleum fraction 60-80°C 1:1]to yield ayellowoil.

Compound (7) (65 mg, 9.29 * 10 mol) and silver triflate (25 mg, 9.88 x 10 ml) were



1, and each DENDRITE2, which may be the same or different yhgiguR 265
greater than 1, represent. dendritic structures, at |east one of said
structures being conjugated and conprising aryl and/or heteroaryl groups
and/ or nivio@aREsssand, optionally, vinyl and/or acetyl enptrgieigpsss connect ed-
via sp2 or sp hybridized carbon.-atass of said (hetero) aryl, vinyl and
acetyl enyl groups or via single bonds between N and (hetero) aryl groups,

and the branchin ints nd/ or .the l|inks t ween the br, hi n oints in
DENDRI TE' beﬁ“ﬁ@d ek the e begtet At A0 6Q qu%ﬁﬁﬁ%?ﬂ’ﬁég‘?t Wi hH o gin the
single bond which is connected to a sp2 hybridized (ring) carbon atom of
the first (hdvendpgraphy isiliergal DGV paireleerydrctian IR Lybrepeatalifimend to
conjugated dendritic branch is attached, said ring carbon atomor N

form ng par tyielfi ayeliew glassysghid.ed. DENDRI TE' or DENDRI TE2 and CORE
termnating at the single bond to-the first branching point for the other

of sai d DENDRH 1 0§ (%WO@E?&;?%CIL)&Q% (do9E), F 62t dig2 @B HIEDIR, = and

DENDRI TE2 bei ng | um nescert. evi ce according to claiml| wherein the

or ganonet al |4 ri f 14)7 _1(53@-] "ad 111) 19
August 2005 %ﬁﬁﬁ%\%h?%rﬁs’&@sz ie%rg%’slgini@bé’@’alfmi on or a g?@gga&cﬁ aining a
nmetal ion, g represents an integer greater than 1, each DENDRI TE, which
may be the or different, represents an inherently at |east partially
conjugated dendritic nolecular structure which conprises aryl and/or

het er aar yl o N and, optionally, vinyl and/or acetyl enyl groups connected
via sp2 or SrhelPldatalior ik depdiiararasofoiows: said (hetero) aryl, vinyl and
acetyl enyl groups or via single bonds between N and (hetero) aryl groups,:

and wher ei n £ B finES2 DEIMRERBmpARii3GANCHI @0 S8 cdfpdihd 8) WassséshrddENDRI TE
are not all the sane, CORE termnating in the single bond which i

S
e iy S AR ) O Bt e

aryl group o 0 nore n“one c branch is attached, said

DENDRI TE. b IPLEFHR B ALE o Pttt 8 B cmPOPR e L A7 SNGRE

DENDRI TE, DENDRI TE' and/ or
- x=0.144, y=0.326.

It should be noted that in this example, as in the other Ir dendrimer examples, all three
15 ofthe groups coordinating to the Ir are covalently bound via Ir-C and Ir-N bonds. Such
covalenily bound systems may have advantages in terms of stability over systems in

which one of the three coordinating groups is more ionic in character.




DENDRI TE2 does not include N as a branching point and is ay Agheizosl y at

| east partially conjugated dendriticggol ecular structure. 6. devi ce
according to claim| wherein the organonetal lic dendriner conprises at

| east one co-ordinating group which is not dendritic. 7. A device according
to claim1 wherein the netal cationdamgation of a d- block netal. 8. A
device according to claim7 wherein the metal is iridiumor rhenium 9. A

devi ce accordi nm 1 Sl BeNBEHRIA ob BiER A0y aéﬂgts@ﬁﬁﬁsapn and a
por phyrin or %r @ dﬂlﬁqeﬁwﬂ SN alPE LS wfart its gpgording to

claim1l, V\,herel fe di stal end
of the dendr| 8P nflfg a@%\??&@ ﬁ@@%ﬁé’ ﬁ’éwpg claim 10 V\/nerel n at | east one
surface group is . selecte fromafurther-reactable ene, th)acrylate
sul phur - cont a.?n%m%aw%r m.gé%ﬁla%ﬁt@}em%&leg%rswm%@l %ﬁsﬁﬁ & oup: a

pol yet her grod]’@e celnuladl)c 5 al kyl group; an am ne group; a nono-, di-

tri- CL-to-Cl5 al kyl am ne group; a- COOR group wherein Ris hydrogen or
CL-to-Cl15 al kyl ; an -OR group COR&r EDBENRRIFERhyd(lpgen, aryl, or CL-to-Cl5
al kyl or al kenyl; an-2SR group wherein Ris Cl-to-Cl5 al kyl or al kenyl;
~an- SR group V\'hﬂh@lhdh EORE régr¥dents@métht ioh Or £ERoupl deitlairiig /deRIOn, nan- Si R3
group wherein réﬁ}gseﬁtsgfnqm% erdff8 dr fors 3En DENDRIfIfEe%% AdFh e sinier ogen,

Cl-10-CI5 al ky ﬁf‘er tktpc ent £n1 reﬁﬂ émea(s rh§l gafd denadi@s C15 al kyl or
al kenyl), aryly, btapeaé iy i %ﬁspﬁ%g&{ ghi ch
conpri.ses COF & Hendr ons,

wherein at | eggi:%aﬁ@ gpy %{I {%F% H ‘épsc nn%%ﬂ%, ch B Xb 15? I n the
dendrimer is I° &ro B‘iy yinyf appdAcy PBY O YHERE5r ¢ does not
conprise a nadRBS Ef‘é‘? Iyl grpups; O teﬁP’@a‘i‘l’i‘ﬁr’é‘t ¢ ¥ingledendri mer
according to ®pad ﬁﬁhlcil lﬁxméméiﬁtﬁd chitn o higbridised (rigghgsirleon Apmaf e fist cati on and
two or nore cdiortefiohattyl gryupoovitegemto Wisals morebian ofie steass partialdvor di nat i ng
groups each bebmggiiedidehdritic drateln drattachell, Shid\rigy sirba0 @b N Jormimg

or ganonet al |'i @adefehid DBNORITE)r nul a: CORE- [ DENDRI TE] ,

3. A device according to claim 1 wherein the organometallic dendrimer has
~ the formula (IT):

CORE-[DENDRITE!], [DENDRITE ], (1)

in which CORE represents a metal ion or a group containing a metal ion, n and
m, which may be the same or different, each represent an integer of at least 1,
each DENDRITE', which may be the same or different when n is greater than
1, and each DENDRITE?, which may be the same or different when m is
greater than 1, represent. dendritic structures, at least one of said structures
being conjugated and comprising aryl and/or heteroaryl groups and/or nifrogen
and, optionally, vinyl and/or acetylenyl groups, connected via sp” or sp
hybridized carbon atoms of said (hetero) aryl, vinyl and acetylenyl groups or
via single bonds between N and (hetero) aryl groups, and the branching points
and/or the links between the branching points in DENDRITE' being different
from those in DENDRITE2 CORE terminating in the single bond which is
connected to a sp” hybridized (ring) carbon atom of the first (hetero) aryl
group or mtrogen to which more than one conjugated dendritic branch is
attached, said ring carbon atom or N forming part of said conjugated.
DENDRITE1 or DENDRITE? and CORE terminating at the single bond to the
first branching point for the other of said DENDRITE' or DENDRITE?, at
Ieast one of the CORE, DENDRITE' and DENDRITE? being luminescent.

4, A device according to claim 1 wherein the organometallic dendrimer has
the formula (III):
CORE-[DENDRITE), (II)




wherein CORE, DENDRITE and n are as defined in claim2 (fojgwhdust$dos or 4
(formula 11l1)) said CORE not conpri si 510 a magnesi um chel at ed por phyri n.
15. An organonetal | i ¢ dendriner of formJIa (I'r): CORE- [DENDRITE'],,,

[ DENDRI TE2] m (11) wherein CORE, DENDRITE , DENDRITE2, n and mare as

e agéahgr_ef:gﬁgﬂ;@ééﬁfsﬁsgén%%w ﬁgﬁ&% ito claim 14

wherein Mis eg‘il% ﬂ% ot ??M‘ ¢V

erent, is a
coordi nati ng d¥ er%“a’f*‘?l?@ ¥ ni nat es,
each Y, which RelfHe st rﬁemgeaw@ FORPHfes AR A0 Pgh%tefeala’ éﬁfisn LPup: @ s
an integer amptipnlly, ging} angiorasetylsayl erovs connscsd (1A SP cﬂr SR d pei ng
equal to the cathebatoras ofseist@rtee o, Enylasd aetiyieny soums OIWIEVW@ naisthe
“nunmber of  codwdilnbdtiveen Niané hetero] oy] grangs, bnd wherewn thelibks bagfeanoor di nat i on
sites on Y. 1l7%djsentdrgrhingeionits 1ncsad1emENDRETEace:1mtdllmhpsamecC®Rﬁ 12 which has
one or nore Qbmiif@idgaathy $sgloboed Whigh ionfectdd tolfsp” Aybrivigaireng) al | i ¢
dendri mer aCCQfafHoﬂ%tdrﬂoP{}@'ﬂﬂtJ(Ket&ro) &1 Wlup br Re vitieh mefe tARM enedf the
features of C'cf%h&?%n biaf: éatt od Aaidl HEESHh &%ﬁ%@%ﬁﬁ& ghaflSpdgiamer as
defined in C' gl’{ ?&??o? ﬂ‘ﬁgém ﬁtﬁ)un%c%‘{ﬂ ing a core by

formng a corrp vveen a met |on an nor e coordi nating
groups, at wo of t aid. gro 1 tlonallty
and (b) treat ‘éﬁféﬁ&%‘ﬁ%@c F’g\r]/ ENW@?%%Q?&@ ogs whi ch
have .been fu T SPB“F‘%‘H@FeNaFﬁ memoit apd iiard agactlve
functionaliti gastmrg@l@hqon,]qga{qq(gle@@}t@mglpcq #4fUCBe of the dendrons being
conj ugated. 20. A process according to claim19 wherein at |east one of the
coordi nati ng 6gAolegyedoasdingto claint hiwherein tworganonfetallic dandeiirer y and
consequent | y rcemptisg of taast onefcoatrdiaatimegroug whwhdenatrdendnitic. st ep (b). 21. A
process according to any one of clains 19 or 20 wherein the core

7. A device according to claim 1 wherein the metal cation is a cation of a d-

block metal.

8. A device according to claim 7 wherein the metal is iridium or rhenium.

9. A device according to claim 1 wherein the core comprises a metal ion and a
porphyrin or a carboxylate or a phenyl pyridine.

10. A device according to claim 1, wherein at least one surface group is
attached to the distal end of the dendrites.

11, A device according to claim 10, wherein at least one surface group is
selected from a further-reactable alkene, (meth)acrylate, sulphur-containing, or
silicon containing group; a sulphonyl group; a polyether group; C;-to-Cis alkyl
group; an amine group; a mono-, di-or tri- C;-to-Ci;s alkyl amine group,; a-
COOR group wherein R is hydrogen or C;-t0-Cys alkyl ; an -OR group
wherein R is hydrogen, aryl, or Cj-to-Cys alkyl or alkenyl; an-O,SR group
wherein R is C;-to-Cys alkyl or alkenyl; an-SR group wherein R is aryl, or G-

t0-C;5 alkyl or alkenyl; an-SiR3 group wherein the R groups are the same or
different and are hydrogen, C;-to-C)5 alkyl or alkenyl, or-SR’ group (R' is aryl
or Cy-to-Cy5 alkyl or alkenyl), aryl, or heteroaryl.

12. An organometallic dendrimer which comprises a metal cation as part of its
core and two or more dendrons, wherein at least one of said dendrons is
conjugated and wherein the dendrimer is luminescent in the solid state and
wherein the core does not comprise a magnesium chelated porphyrin,

'13. An organometallic dendrimer according to claim 12 wherein the core is a
complex of a metal cation and two or more coordinating groups, at least two
of the said coordinating groups each being bound to a dendron.




provided in step (a) is represented by formula (IV) as defjqig '?gl_%%@sal m 15
wherein each [X-] includes a reactlve Bunctlonal ity. 19 Augus 53 22.

A process for producing a dendri ner 82defined in claim 12, which process
conprises: (a) attaching a coordi nat| ng group to each of two or nore
dendrons, and (b) form ng a conpl ex between the coordinating groups and a
netal cation ich is optionall bon one or nore |igands which
remain in the \fhe‘g{ljf}ﬁaﬂ ﬁ‘ﬁ%@‘ym??oﬁ{dﬂ?‘gﬁess for producing a dendri mer
as defined in claim 12, Whl ch process rises: (a) attaching a

coordi nating group to each of twoCQERErrB? nﬁBﬁEﬁbns (b) formng a conpl ex
bet ween the coordinating groups and a netal cation; and (c) optionally
further treati miesal GORENPIENORIThamwheaoms defiredddelaim@nal  coor di nat i ng
ligands. 24. A(frmoclesB) actfoshulg 1)) saidaCORE Zo0ton2disikea magndshen conpl ex
formed bet weeghdliied gaphgi-nat i ng groups and the metal cation in step (b) is
represent ed by forrrula (1V) as defined in cIa|m16 25. An organic |ight

emtting device glaﬁdlﬂ&alﬁcragﬁ@%ﬁm emtting | ayer wherein said

light emtti ng ayer corrprlses a sphorescent material. 26. An

- organic light emttin ? . z?m t{l ng | ayer sandw ched
bet ween an anod and % ‘ém Hite%gﬁ# ayer. conpri ses
a solution prog ;g g P THE devi ce

according to cPai m26 wherel n the netal corrpl ex is a d-block netal
conplex. 28. An organic light emtting device accordi ng to claim26 or 27
“wherein the mbf.cin ongapinestallis dendstroepieorrdingda clagnilétoed 5 wigreimthe

phosphor escent CORBie wepdesentep biySomaula (BHnpl ex of formula (1V): M X-]1qYr (1V)

M[X-Jq Y+ (IV)

wherein M is a metal ion, each [X-], which are the same or different, is a
coordinating group X attached to a single bond in which CORE terminates,
each Y, which may be the same or different, is a coordinating group, q is an
integer and r is 0 or an integer, the sum of (a. q) + (b. 1) being equal to the
number of coordination sites available on M, wherein a is the number of
coordination sites on [X-} and b is the number of coordination sites on Y.

17. An organometallic dendrimer according to claim 12 which has one or
more of the features of claims 2 to 11.

18. An organometallic dendrimer according to claim 12 or 13 which has one
or more of the features of claims 2 to 11.

19. A process for producing a dendrimer as defined in claim 12, which process
comprises: '

(a) providing a core by forming a complex between a metal cation and two or
more coordinating groups, at least two of the said groups bearing a reactive
functionality; and

(b) treating the core thus provided with two or more dendrons which have
been functionalised to render them reactive towards the reactive functionalities
present in the core, at least one of the dendrons being conjugated.

20. A process according to claim 19 wherein at least one of the coordinating
groups does not contain a reactive functionality and consequently remains free -
of attachment to a dendron in step (b).

21. A process according to any one of claims 19 or 20 wherein the core
provided in step (a) is represented by formula (IV) as defined in claim 15
wherein each [X-] includes a reactive functionality.




wherein Mis iridium each [X-], which are the sanme or dif{geAgqst2dd® a
coordi nating group X attached by si ngl5§ bond to'a reactive functional
group, each Y, which may be the sanme or different, is a coordinating
group, gq is an integer and r is O or an integer, the sumof (a. q) + (b.

r) being equal jhoAtRE: DIl GARAGABE A fbd BS:1AUA] Jc erein
) b Igﬂ? ; %ﬁﬁf'ﬁﬁfb 3,346 0cdh v

a is the nunber Qris&o0r di atlon sites on I' s the nunber

coordi nation sit Y 30 hOS(F '}tt oun accordi g to claim
29 wherein eacéP {lfr\l&’% UPdP &t ¢ W8r°5 On:i osphor escent
conpound accor dPh I’E“H‘g&‘éﬂ“m IR a? mﬁa%gfoaa%ﬁnd%wst FalIang Y s
sel ected from P8R PPHOHaiIYﬁW@ﬁ?ﬂ e oa e ligands whigh rematngpihe 4

t hi enyl pyri di néesubgygzemplox. qui nol i ne, 2- phenyl benzoxazol e, 2-
phenyl benzot hi azol e or 2-pyridylthi anapht hene and i m nobenzenes. 32.
fac- (2-phenyl pyridi ne)-bi s[2-(3'-bronophenyl )pyridine] iridium(Ill).
23. A process for producing a dendrimer as defined in claim 12, which process
comprises:
(a) attaching a coordinating group to each of two or more dendrons;
(b) forming a complex between the coordinating groups and a metal cation;
and
(c) optionally further treating said complex with one or more additional
coordinating ligands.

24. A process according to claim 22 or 23 wherein the complex formed
. between the coordinating groups and the metal cation in step (b) is represented
by formula (IV} as defined in claim 16.

25. An organic light emitting device comprising a homogeneous light
emitting layer wherein said light emitting layer comprises a d-block
- phosphorescent material.

26. An organic light emitting device comprising a light emitting layer
sandwiched between an anode and a cathode wherein said light emitting layer
comprises a solution processed metal complex.

27. An organic light emitting device according to claim 26 wherein the metal
complex is a d-block metal complex.

28. An organic light emitting device according to claim 26 or 27 wherein the
metal complex is a phosphorescent emitter.

29. A phosphorescent compound comprising a complex of formmla (IV):
M[X']qu (IV)

wherein M is iridium, each [X-], which are the same or different, is a
coordinating group X attached by single bond to a reactive functional group,
each Y, which may be the same or different, is a coordinating group, q is an
integer and r is 0 or an integer, the sum of (a. q) + (b. r} being equal to the
number of coordination sites available on M, wherein a is the number of
coordination sites on [X-] and b-is the number of coordination siteson Y.

30. A phosphorescent_compoﬁnd according to claim 29 wherein each reactive
functional group is bromine.

31. A phosphorescent compound according to claim 29 or 30 wherein at least
~ one of X and'Y is selected from porphyrin, 2-phenyl-pyridine, 2-
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thienylpyridine, benzo (h) quinoline, 2-phenylbenzoxazole, 2-
phenylbenzothiazole or 2-pyridylthianaphthene and iminobenzenes.

- 32. fac(2-phenylpyridine)-bis[2-(3’-bromophenyl)pyridine] iridium (III).






