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518 \.{s&te yc c? P ee:rs {nglch pair to ong e?{clutons showas 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 certain circumstances it is
known to be far from 100%. For most organic materials only the singlet states can decay
radiatively generating light, the triplet states decay non-radiatively. ‘The possibility to
15 extract luminescence from the triplet excited state has recently been demonstrated by

- inclusion of phosphorescent guest metallic éomplexes in host matrices, However, blend
syétems 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
| core. The properties of the &endﬂiners make ther ideal for solution processing and
30 allow incorporation of metal complex chromophores, which have been demonstrated to
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- 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] '
" Some organic dendrimers have been demonstrated to work in organic light

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




core. The properties of the dendriners make them ideal forlSougHstaMs
processing and 30 allow i-ncorporation of metal conplex chronpbphores, which

have beenwdeomestated to 19 August 2005 WO 02/ 066552 PCPLFEEHFOTFS0 -2- be ~

effective in light emtting devices (LEDs), into a solution processable
system The known exanples of netal contdining dendrinmers fall into three
classes (i) netal ion at the centre (ii) netal ions on the periphery 5
(iii) metal {nsrake bigaterials elat cg teaised, and hay offtrsbenefita hyterms ofwitility

cont ai ni ng déndrinmers which have nmetal ions as part of the_hrgnching
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chr onophor esmagncshmldhelhtidgorphyrioent rati on quenching particularly likely.
Simlarly in dendriners with netal 1ions at the periphery, the netal ions
in adj acent nolecules will be- close and again concentration quenching

w |l be a problem The current invention is directed towards dendriners
with netal ions as part of the core. Wen the netal ion chronophore is
sited at .the core M ethtidim@it éxcditeeted ildwanils the lnee @lenddmersvel y i sol ated from
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[ in a L
el ect rol uni eteewentErelwy ceerdinating/binding @GWW@WWH&‘? pogp jiself
dendrimers repqrted ho € or @ RNhd2apRenEthe Prlient fvaahat - t ype
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been proven povifks déaiiescordiag thifirst Bspecthehereid thel o garpmetallSodandrimer ks, 331

(1998) 2_59] the formula (I):
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 |




Sonme organi c dendrimers have been denonstrated to work in 6?659#5&299%ht
emtting devi c%? However, the use of netal ion chronmophpefepofedEe

dendri ner ¥O8H8H#2>*19 August 2005 WD 02/ 066552 PCTI GBO2100750 -3 up t he
.range of materials that can be used, and may offer benefits in terns of
stabil'ity and / or charge transport confrared to organic systems. A
particular benefit i's the potential for highly efficient solution processed
"“phosphor esceharagyrsdepapding\or te aied lapd ligandfipvoltedaspect of - t he present
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formpart of the core itself e.g. fac-tris (2-phenylpyridyl) iridumlill. A
second aspe#apreferabhiippdacnetal oM on - provi des a devi ce according to the

first aspect wheggs : k SN0 &gﬁnh% Hdéa skgngadl a (1): 15
CORE - [ DENDRI TEF%%E%E?I% |C%§E§C¥C11%E1drg%?eser#s a et acl_ ion or a group
cont ai ni ng arometiaking eysterms andp¥.eTemlinks datweembragehing pointsgnclpds bondige h

DENDRI TE,  whi ch may be.the sa or. different, represents h rently at
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connect ed v% sp orapsp hybri di seaé?garﬁgﬁ ator?éyof sai d (het ero)é%i vi nyl
I

and acet }C/:|CRE emyy ceptain mgormpt%c;fﬁwhigpeoﬂumbmsb d @P%éw;]_eMQKP(H’ﬁE in fisr @5y

r oups, ernj nag i in sin ond . eFTaT se
ﬁybr!odi sed Wi‘ﬁ’&ﬁ'ﬁ%{hf@%’rﬂf%ﬁv ﬂ'ﬂgi%@ﬁsv{lﬁlgf{éh%o egr f/)ﬁ gr-oﬁ%‘ﬁ’ftog?ﬁgl e
bond to ni txeaeRyit Qi bicdyPRES 1 BRIV thehiahchey pdiytscindpedherednay

dendritic 25 -branch is attached, said ring carbon or nit ro&{esﬁ%@tom
f or mi ng'lfarbe mpreghamiomEmrior Boetylenyl s anybmpisty heueen tWoATYL P term "netal

ion" or "neta tion" s nsed i ' 4 he
netal woul &%%P@’?W?WSE% ahy %gﬁ%’gﬁ%c gga ‘?ﬁe&g%%‘(@c}%?goﬁpﬂg ate). In the
dendri mers Jdaafin@Pé. 3iRretheBEmroakd MUt all i@ saimer al | charge of the

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




dendrimer is neutral and the netal-1igand bonding will havt fegust 8809 ess
coval ent 19 August 2005 WD 02106652 PCTI GB02100750 -4 character dependi ng
on the ne 2@5&952' i gand i nvol ved. As used herein the terpomcpizyhbesoyl refers -
to acetyl yol groups that are divalent, vinyl refers to vinyl groups that
are di- or tri-valent, and aryl- refers to aryl groups that are di-, tri-
or nultivalent. In.,a preferred enbodi ment- the dendrites are conjugated. 5

The dendriners of the. invention are preferably |uni nescent '%lhhe solrd
state. The Hranshingseiats andfar &oflinka Petiyee @PP@FWEB?“‘W%QW' “iPfe core

~itself. The J.um 2 f : : i tabl
br anchi ng pA PRt TRE BE% i oA IAROKE iR e Bhne kO B! 0t
ring systengoamdtedito 4 §* Hybrdisedeingpeutbdw waats bf thy finsti(litso)and Igualp dreingleng 10
conbi nations such as aryl-aryl, aryl-viiiyl-aryl, . aryl-acetylenyl -aryl,
aryl -aryl ' - dopd tomifsegea ta which merp thyd ogp ppuvaaird #@'ﬁ%‘%ﬂl 15 R@?ﬁ?ﬁ/ S%}ﬁd
N- | ' - i ndi vi : i : t f
20 e TR R0 i R 19 By pasOmNEII RS (VP ©

. branchi ng™ po reover, aryl-vinyl -aryl and
aryl - acet y| OBNDRITE ald GQRFeminathigrat thesinglerisnd fo thiedirs boanghipg peineisr nore

fhare moy 1 osker b DRI of BENEEEE B G gt SRS GRS B C
two aryl gr QUPBERMRIPEES GRS R ndteeri0ls Srel 128 8 1ight @sittipehivaher hvéigethean be

advant ages in using an asymetric ‘dendrimer i.e. where the dendrons are
not all thefaanta (PO A third aspect of the present invention provides a
device according to the first aspect. wherein the organonetal lic dendri ner
has the ¥brmul a (11): CORE - [DENDRI TEI] o[ DENDRI TE2] m (11) in which CORE
represents a netal ion or a gr oUQRECTDENDRIYER, (Bt al ion, n and in, which
may be the sane or different, each represent an integer of at |east 1, each

DENDRI TEI, which nmay be the sane or different, when n is greater, than 1,
~and each DENDRI TEofoudth agpectef the present dnentdopprogides s leEFee?ﬁCgW@rfoﬁW Ersgr eater

hengTtul 1 BSRENAE b dhfronRlANCianGRer A ckaBahuane o 2 1 01 L0L UEeS
ni trogen andy whigh CORR tepreseitny inctahibncr agzampyoaiaings weshion, RERFSEARA vi a
sp2 or sp hybrl di LS SaLLMn HENBRAE, Shidh hPEhE Make br aitttrl, re%ﬂz@gnts
' 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 brimching points in said DENDRITE arc 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 riﬁg
" 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 understood that in formulae I, IT 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




acetyl enyl groups or via single bonds between N and (het er & aAugust QBups,
and the 19 August 2005 WD 021066552 PCTI GB02100750 5 -5- branchi ng points
and/or the links between the branching points in DENDRI TE bein di fferent
from t ho®0 0aM6EBADRI TE2, CORE terminating in the singl TR ch is
connected to a sp2 hybridized (ring) carbon atomof the first (hetero)aryl
group-or single bond to nitrogen to which nore than one conjugated
dendritic branch is attached, said ring carbon atomor nitrogen formng

part of sai (?e E%&ew#@l@{f%g&ﬁgﬁp?%g chitbats DENDREInfséted shdfduREy t €r m nati ng

at the sing ond I TSt \nchi ng point for ™ the other of said
DENDRI TE'  Ofrah¥EMREifrbgkn vall bk ettwhediod avfl grdngpsCORE, DENDRI TE' and DENDRI TE2

being | umi nescent, as well as a light emtting dendrier hayi the formul a
(111): 10 CORE - Thersforgspsipnay haye W%A{L‘?’b‘lﬂeﬁwnﬁgf)cgﬂ{]m gf%“ea%%%;s}g%t i nventi on
provides a | el ifcdcitRatbd 4t Mast thSRAIen irinescéri encdetiganomet al | i ¢
dendri ner h%gyéﬂﬁgm?orrmeﬁg&(gﬁ]iﬁ% I N whi cr?sCCRE _re%ﬂrﬂgsents a netal ion or a
group cost awhichancdetive may of may not beepnjugated witagach péher, yhetpdty thefendrey npr e,

- each DENDRI TE, which ma t he,sanme or. _di.ffergn LERL an
i nherent !y ’&Pluﬂ%%ﬁﬁeaﬁaﬁ‘%iOgﬁ‘Fﬁmgémﬁgﬁ?%@oﬁﬁﬁr? Fogel %’gﬁgcu: arsgesnttr ucture
whi ch conprisgs, odhdibiRTaieE frHRlES QR ¥ thodeniriare haveptligardlOMO-LWUMO and/ or

acetyl enyl groups connected via sp2 or sp_hybridized carbgn_ataq of said
(het er 0) ar yénersyi geplthantbe hdteptashybietyr eyumppictips clpser to &f P@? ‘W@W& B en N

and (hetero)#&vyl qroups,.and whegein .t ' A ' 320
branchi ng p ﬁgré’o?#‘escgf‘%mfﬁ era%boag?éngﬁﬁ% Ee sarre,(%ﬂe eg;a%rm nating in
the singl exsonftiayitEisan® tiaphchagirfuce gogpandyydnigt tieHOMA-BYMQ@ar bon at om
of the first .(hetéro)aryl group or Nto V\h'ch-rggre t han onesde deritic
branch is atresgyrgag,of §iichromaplioret aftheomriaee,h s dTgdls, ROAYIFS M 556 U5 g

DENDRI TE, 't he CORE 9 gﬁﬁfypﬁ ' b inB eeeRphordutiihd diftabadect of |
the inventi %eﬁo%r%e\ﬁeﬁlggégéu evi ceggxgcf:%ggfb%gn% o the fi rs? 25 aspect wherein
DENDRI TE, DsNRRiFRritedfdéwer HERNDRLUHERD cory comperedie thatief the nggt epe By anchi ng,
oint and is conjugated._ |t | be .under st.god t.hat. | [, 1i and
F| | CORE does n obeg@@#ﬁ? }Ig)é&(gi[]tl\go energy gaps 0%81& mmgtlaes c!npbef xﬁéagwe&‘ﬁy
15 methods known per se using a UV-visible spectrophotometer. One of the luminescent

moieties may be, or be (partly or wholly) within, the core itself, which will thus
preferably have a smaller inherent HOMO-LUMO gap energy than the other

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

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.
Sﬁtable-sﬁﬁacé groups for the ldendrimers-include 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, suiph{xr-containing, or silicon-
containing group; a sulphonyl group; poiyether group; a C-t0-C;; alkyl (preferably t-
butyl) group; an amine group; a mono-, di- or tri-(_ll-to-C, salkyl amine group; a -COOR
group wherein R is hydro éen_ or Cj-to~-Cy5 alkyl, an -OR group wherein R is hydrogen,




magnesi um chel ated porphyrin. In this context, conjugated HbAdUsh2005
(dendrites) indicate that they are made up of 30 alternating double and
si ngl e bonds, apart fromthe surface groups. However this %o ) ot nean
that the WOO0&E8m i s ful |y del ocalised. The del ocal i saftHi Bg’r’“"? e it
systemis ‘19 August 2005 WD 02/066552 PCT/ GB02100750 -b dependent on the
regi ochem stry of the attachments. In a7gconjugated dendron any branching
nitrogen will be attached to 3 aryl groups. The dendriner may have nore
than one | ugy)esesnb-Orpileh ve a]kdﬁyﬁ}a@'@{ﬁ(ér@dp waEBRIR 1¥RTttolC) alliglioalr i mer

i ncorporates "at | east two inherently Tunm nescent noieties 5 which noieties

mayor may netkehy: aoHRgrenredhertin B isatyh oo Cate-Cisvelion ef alkenyh a8 5Bl 819UPncl udes
at | east one,of .the id lum pescent,. opi eties. t I nescent
moi ety or  nogL R b s RREE et shd e sV BRE Sl OF) AP Ce!

- HOMO-LUMO  @@hfly ofl@P-SR gfbub (R ikuﬁaaﬁ@ﬁmﬁmymmmnymﬁmmtmmer_ to or
partly or wholly within the core of the dendrimer. In another enbodi nment

t he HOVD-4 Uftepisally ibutdapd plkopoereunsarenerd o Differemt sudacs @ rolpe g §f Pi&ts ur f ace
groups may ch Mghﬂﬂ%@ aoer aa . off ] f%gﬂ t the
surface of toﬁ?l%g%ngpg?e. o |ﬁ%s m@xuay, % e%&glgelégg ggﬁg{rhgitstihgn

dendri ner t dendilmidr &cohGion pocenitdsi.d. e subbanmpisrase ach that thdidsndrmeredn  of t he
dendrite of | ower HOVOD LUMO energy conpared to that-of the next one in. The
rel ative HONEE érs_@lye‘ﬁaps of the noieties can' be neasured by 15

met hods knoWwn " peky, s 6, fisd @ﬂgﬁeﬂ‘ée\éb&eﬂ LEchRAGhd ARRRRE&Rhde g)h@aﬁat&i'neﬁhe

| um nescent noieties may be, or be (partly or wholly) w fhin, the core
i tsel f, ¥hi Foreahipld dersss-lipketflegmbyp is fiesent whishednl srerdssiiakedupopdvmliatioon gap

energy than the.. qther . |lunjpescent noi or npieties | dendr on.

Al ternati vePSI,EY'B}P&WF??é‘??ﬁi‘% &J'{,gm{aﬁgeq); H’é’rfﬂ%tﬁ%sgr?‘f’%%%%ssa %nt?we}%*‘ I cont ai n
nore than oggdniih BEs&RvEd OESAE X graup WHIEE imdRSeosd Binkéd) A8 gedenalf ther from t he
core will again preferably have larger inherent HOMD-LUM) _gap energies
than those sufapegraups agaclededso ﬂlmdqnhn@etsmﬁolwh%m@@’fvénﬁsts%ﬂb% fﬁéé‘ﬁ“ﬁ*ﬂﬂ be

| um nescent __al t hough | um nescent cores are generally preferred. Suitable
surface groBfP?e?sg’tg'the dendrimners include branched and unbranched al kyl,

- especi al {y t- but The al gociadttanthe datiromadan te gipkally berizene, axgthaite, _
e v sl g s pishi i e Bk Vet BB anchil 1 -

points) anthracene, fluorene, pyridine, oxadiazole, triazole, triazine, thiophene and where

appropriate 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. ;
It is possible to cdntrol the electron affinity of the dendrimers by the addition to -
- 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




includes a further-reactable al kene, (meth)acrylate, sul phlftAemist 2008 ng, or
silicon containing group; a sulphonyl group; polyether group; a C-to-C's
al kyl (pwefewmbdsy t butyl) group; an amne group; a noRGI/GBE07e
tri-G-to-Cig alkyl amne group; a -COOR group wherein R is hydrogen or
Cl-to-ClI5 alkyl; an -OR group wherein Rgs hydrogen, 1 9 August 2005 WO
02/ 066552 PCTI GB02/00750 -7- aryl, or Cl-to-Cl5 al kyl or al kenyl; an -2SR
group wher effeRpks efatrihf e onfbdidd vigk 1A Tt Wil A5Pswappheieidn R i s
aryl, or Cle‘ﬂi%- 8%’3“&?1&‘# or gﬁieny 1; aallrrll =S RBiygr oup wherein'the R groups
are the santaowheli théreismoredim cne deidrdn,dhedendGis car e s thel sepie opdiffesénteny| , or
an -SR group (R s aryl or Cl-to-Cl5 a!{k;é/l r alken ryl, .

het er oar y| .BSGCTARAR &%“F‘?%{ n Yﬁlﬁdeém% @F@{?bg %?%e%ﬁ%‘_&ﬁmépp?‘@'eﬁt
surface gr %?bmaﬂﬁ &JuS 822} leaftond Ul REPRObe AL 50000 U hiihf, gepdhtiol St al
groups of a dendron. %t_ls preferred that the dendrimer is solution

pr ocessabl doiprevide the repirtdendutipngupsessingpropeties hat t he dendriner can be

di ssolved in a | vent ., The surface qr .ban 1] t- .t he
dendrimer can bzﬂﬁfé’f"&ﬁ}g’?‘f@ﬁg’wm M@%%ﬁ%@?@“ﬁrﬁﬁé e group is
present Whighicaia centiel if BRTBrd dndKRElcdtd Wiybibdlgdinainessent. Gf it Bynot henineskent
reaction. ernatively the surface group conprises - a protecting group

~ which can lsacoemeveel the derdions showld saptaind RFINSHFOLEOW 0ss- | i nked. I'n _
~general, the s%&c&eG&F%gg%é%gﬁe%%&&%a%g;%g%ﬁg% it Bfypicaligasol ubl e in

sol vent's suitabl or so rocessi ng. r groups within the
dendr ongy ¢ aBmplextof RingAdl lcytidvend ene, twoap nfued ealindting lgerups, at leastwinecdndcase an
aryl group is present in the |ink between ac{rjﬁac;gt (ﬁran hi,n .é[poicalﬁs)

ant hr acene preferablyea eastiypi of the cogydinafing gipeps bemg bopndto aqepdrony, IYPIRY hhene
and where [ ' J it . I ald S ORMPEOinopt i onal |y
be substi tWé;%@ggﬁtyga%ﬂghﬁﬁggﬂ@%%&a%ﬁa%(?aﬁéaikoxy grou s.m‘[he aryl
groups at tFhemhs @) eglfoibovsrcaraeRta groap eontiihing laenctdration {gOREI? ef er abl y
coupled at ring positions 1, and 5, ridyl or ..trdazinyl rikngs. The
dendr ons tﬁ&%ﬁ%ﬁ\?é‘é’%@&ﬁ‘ﬂ%ﬁﬁa%?n%d%é’f WM%‘F%&%&?%?%G It is
possi bl g tg g bihstesctPlcidd Woulle s DERDRIE, t he

addi ti oﬁ t%?ﬁgf%%lgﬁgﬂﬁb%%g%ﬁ%%ﬁ%t hdraw ng@grou s, where

appr opr i at DENDRIER anPENDRIYEhooitytassiefiiahie fuhiukde By @D or (Mgrespesiiedtsr on

w t hdrawi ng and .optjcally . tr par.ent i i he, spectral region we are
i nt er est edeﬁhe ?h%f?‘ilaé‘fhé‘fhlaéa p e§°§ﬂﬂ‘%g? Mﬁl fications of

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. '




the dendrimers can be found in W99/21935 to which ref er ent@AugistEPhe
made. |t wll be appreciated that one or nore of the dendrons attached to
the core (provided that at | east one dendron is a specified conjugated
dendron) can be unconjugated. Typicddy such dendrons include ether-type
aryl dendrons, for exanple 19 August 2005 WO 02/066552 PCTI GB02/ 00750 -8
where benzene rings are connected via a nethyleneoxy link. It wll also be
appreciated that when there is nore than one dendron, the dendrons can be
of the same or different generation (generation level is determ ned by the
number of selsg Eﬁghﬂr@sp&i'd}&hg%%ﬁbn pPréviddBan BRaAsHaMisgRAGEMEOSS at | east
one dendron to bé of the second, or higher, generation 5 to provide the
r equi r edorswila@i)on processing properties. The cores typically conprise a
metal cation and attached |ligands; the netal is typically central in the
-core and the core is typically lumnescent. If. it is not |um nescent one
or nore of the dendronéXﬂH@uﬂéﬁﬂﬂﬂ?ﬂqﬂﬂﬁmxﬁﬁTﬁﬂm@Bt group. Wen the core
conprises a netal cation and attached ligands it is typically a 10 conpl ex
of a netal, cation and one, two' or more coordinating géggps, Ptileast one,
and prefer t WSENPRIT iroad dofigedinabpurb@sRsgt-bound to a
dendrohWL?§%$%%$$§Dﬁ$ﬁe lix?ﬁescenggnggw?ﬁg dendrinmer will derive fromthat
conplex. Wien CORE in forrmula (1), (Il) or (I1l) above represents a group
contai ni ng angiaky GRAPNof HREnvedtidny Hréalidsy aR 6@BRInRNalé dendlbhad cation
and two or nore coordinating groups, at |east one 15 and preferably two or
mor e of atdesdingiodhesevensk oreighthisanentivheseindhe GOREmEpressted @BMP%E“ or
DENDRI TE ' .defined in formulae (1), (11) or (Ill), respectively,
by the %fﬁ%ﬁ%ﬁ%%ﬂﬁé}n whi ch CORE in these fornulae term nates. A sixth
aspect of the invention provides an organonetal l-i ¢ 'dendri ner which
conprises netal cation as part of igggcgre and two or - dendr ons,
wherein at |east one of said_den&ﬂ {8 conjugated an erein the
dendrinmer is lumnescent in the solid state and wherein the core does not
conprise a magnesi um chel ated porphyrin. A seventh aspect .of the.ipvention
provi des anwhﬁrgiaridrimametaieaﬁﬂ!mphﬁéﬁ,‘@lﬂlchéﬁemﬁme&ﬁ@%femﬁlmr$@]ﬂ Bvher ei n

OORE,  DENDR T 1816 o M e R o B G whiln (RIS RS MGCY, bhich Bilyelhd ) of
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




the fourth aspect (formula (ill)) said CORE not conprisi ng!@AHgHsHEAI M

chel ated porphyrin. 19 August 2005 8a An ei ghth aspect of the invention
provi des an organonetal lic dendrimer of fornula (11): CORE -

[ DENDRI TEya[oRbs¢E¥3l TE2] m(11) wherein CORE, DENDRI TE', DEMORCFEAYTW and m are
as defined in the third aspect. A ninth aspect of the invention provides
an organonetal l'ic dendriner according {0 the seventh or eighth aspect
wherein the CORE is represented as a conplex of the formula (N: M[X-]q Y,

V) wherein Mi.s.a I tJ e - | r : or
ditferont. e, fone @%gdeg‘g‘r’%u%%?i“‘é’ﬁ ‘1'5‘8 e‘g%! %?Fa% tfio ?%Fdéé‘%gﬁé i n whi ch
CORE t er m n@kfdrime aahwlfich ¢dik § lin foRymlagIV)ean mesger ofi2 of infoke r'Brtsaid tsvoar
coordinating group, qis an_integer and r is O or .an_in er he sum of
(a.q) + (b. morpdendgensdypisally bavaibe sineBees @pr%%mvmﬁﬁm 'Egm e on
M wherein ' EF% Edc,-g L patd : o okdifithedrdshst he
nunber of .cggr‘ ;P]r)]a |(¥fg?&%ﬁ%n %1?11‘%%3@28@%%%8 ?P]J%She, or g(labac s EX -1
moi ety, b®i ng whehgrederitareviduehl cCChRirgddchalatpd digad B3O tCEEHEE to

PCT/ GBO2100750. -9 term.nates, nects t.o a dendron. Preferably.there are
at l'east twoeREpRFaAIViGh Sﬁweé‘émli%?@“hﬁlﬁ%irwela?és a{tﬁﬁmff@f?ﬁfm- (1V) is
an integer of 2 gp; talkR&ns@Ri d two or nore dendrons typically have the
structures repreg{eurﬁgg%ﬁgy DENDR TE, DENDRITE r and/or DENDRITE 'as defined
in fornul ae (1) {anthahide mesdosush a¥ berivom camiinin.icHrppis tRskiug, §yspydsiiLpr esent
are neutral ¢ charged c(fel ted |igands which are not attached to dendrons
and whi ch s&rjum, o nef’ﬁ’@%rdi nation requirenents of the netal

cation. p@uitabl g.piRkahdialt, RedebidBy tHoddih?awWé 2 endBL.éleRinetiy GR ta48 aRY T210)
samarium europi um terbium dysprosium_ thulium erbjum and, neodym um 10’
d- bl ock net &Dssuck apisidiva, Patipprsiodinm, pspgmprughegiva, rh.eel.m%lswg% 39 to 48
and 72 to ) '

chromium, manganese, iron, cobalt, nickel and copper, and

main group metals of the Periodic Table: such as metals from Groups 1A, IIA, IIB, B

‘e.g. lithium, beryilium, magnesium, zinc, aluminum, gallium and indium. Suitable

15 substituents Y, for rhenium in particular, include CO and halogen such as chiorine. For
iridium dendrimers, the part of the ligands atiached to the metal is preferably a nitrogen-
containing heteroaryl, for example pyridine, attached toa (hetéro) aryl where_aryl can 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




S0: such as iridium platinum rhodium osmium ruthenium 19 Augish2005
scandium chrom um nmanganese, iron, cobalt, nickel and copper, and main
group netals of the Periodic Table: such as nmetals from Goups |A |IIA
1B, || BvOeesss32i t hi um beryllium magnesium zinc, al H?ﬂ“’ﬁﬁﬁﬁ’““ li um and
i ndium Suitable 15 substituents 'Y, for rheniumin particular, include CO
and hal ogen such as chlorine. For iridjgmdendriners, the part of the

| igands. attached to the nmetal is preferably a nitrogen- containing

het er oary |, Q8 EXATM Berlthi1 4) BS endlt ACIEA [iUoRrtleh 67 B BN otisT € ary|

can be a fused ring system for exanple substituted or unsubstituted
phenyl or beieedtTleahirp emissioh is gehenally nasw risltingtie d plsaplouhemissied useid can

al so be substituted. Platinumdenpdriners. 20 and.especially platinum

dendri mers fogidisplay ﬁBBIFCﬁPW?ﬁ“‘EE’r ewlﬁﬁtgpﬂvﬁ%ﬁ&lﬁﬁg@gonﬁéﬁdr ons attached in
the nesa POBhd Qe SeRoeIBR BhEhia dbRSSerRligh& daf He higheithdd foPBucaiet@Ci at ed that
the light emssion can be“either fluorescént or, =~ phosphorescent dependi ng
on the clfoi systends. met al and coordi nati ng groups. 25 Suitable coordinating

groups for the f-plock netals include o or, nitr n . Syst ens
such as car boxyl pipsmetl opmplexes ﬁ%ﬂ,%gﬁwﬂn%fh%rggﬁ%’%ﬁq?@%@as,
Schiff bases i nciydifigsi@tinlion QM riRAhy th 1RSI iZdrd 4 well AS thiesnetalonn,

| um nescent .| anthani de netal conpl exes require sensitizing group(s) which

“have t he t r widesangsxafiltmsidescerd dojy modecular weightimetahgomplexes ae kagwia 8 state
of the netal~= ]

PCT) GB0a 00Ves FpgataBR iR e aieRl i deyibh [QHOUR, Mol 00002

o-the em ssion colour is
-determ ned pworhe4gus-as,50,0066US e 6,083,67nds Ud+ /0 5 482,86 B4] oSuitabledigredsal | y
narrow, resulting in a pure col our enission useIﬂLél . f@\g gi spl ?%

appl i cat i onér dbodiivalentimetalpareishgwva in Figwrg dsthey focpids pxingics () Fg Wity

phosphor escence. L a i : | Cl.e nitbcgbestotnheith f or

fl uorescent 0#%%&%%338@%&%%}8@#%%& E%%’r%ql %E%égaﬂgﬁ(g@vgl [ gogn_d based, or
char ge t r angsebstimentsaygin ator e asubstiienhnitokauaton o1 diger ARty t he choi ce

O o S B b bt o BBANE 00 A B BERGR B !
L9 o A SSabitap e (Oismco it S, 5
Crival ent | NG dramanedegvativen().Guhsirssy Tavesy (VA8 EwbRPNSAHAS 628 g wit h
salicylato (VIIF) amino carboxylates (IX) 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
o | - 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




oxygen-ni trogen or oxygen-oxygen donating atons, general | yl®August2a95t r ogen
atomwith a substituent -oxygen atom or a substituent nitrogen atom or
oxygen atomw th a substituent oxygen atom such as 8-hydrox _polate (IA)
and hydr swyepaessszal i nol (1 15 B), 10- hydr oxybenzo( h)qui%&’%‘éws?n), :
benzazoles (111), schiff bases (V), azoindoles (1V), chronone derivatives
(VI), 3-hydroxyflavone (VI1), and carbgyylic acids such as salicylato
(Viii) amno carboxylates (IX) and ester carboxylates ()). The substituents
i ncluding the and X _dr. [ " triglek Mhtes al koxy,

hal oal kyl , Wgﬁ?g ag)r‘ﬁsﬁ ,Igglgn&gg?e?%ﬁg%%%ﬁn&%%?%g%?% gryl or heteroaryl on
the (het er ojpap@Bicb&ned)ngs which 20 may nodify the em ssion colour. The R

in f I V and typi cally alkyl . kyl
e Typi cal Iy al iuomsoripdearmienn et oy apoe o Bas B if sy o9 PS
carbon-ato ﬁg?ug_ﬁetgﬁ{epﬁél}%cigémggﬁc%gpyﬁﬁg@ﬂgnggbﬂl. The aryl groups are
y roups. ed

typically -block netal's form organonetal I ic, conpl exes
w th carlgon or Milérice devices bagd sopbospharesdentamipiers,orhieh ¢rn OysHAR KRG i di ne,

2-t hi enyl pyridine, bejazo(h i noline, 2-.ph 02848 d€n fluorescent

2- phenyl ben?’@#tﬁFsak%Ycéh%POté‘lt%%FWfi‘ g&?{aeﬁ{f%gﬂglag? S nobenzenes. The

(het ero) arog&&%& rings can be supstituted for exanple as for the R and X
n a

groups give ove. The emission of d-block conpl exes can be eijt | i gand
“based or due to Thredeydrimers et g builtsya @%ﬁfﬂ‘@ﬁﬁ/dﬂ?‘gﬁ‘?‘&‘ﬁe’gﬂugﬁﬁ?ﬂv ,%stt rong

spin-orbit & August 20 2 1ohn@Oiglthdag al | ows
rapid int er%%%@?@s?ﬁﬁ%@néﬁ%ﬁggﬁ%éﬁgﬂiﬁ%&& e%?ﬁget_l?agt%gs '

( phosphqes g@RERkqudntly blathsEmeRhetal étitn ol fom tesierdriticdestilcemplerany exci t ons
formin'the non émssive triplet state, r-eg%l@i- ?f é%s féfsiaﬁlic%"g%y of Iight
eni ssi on. 5O0pkowally pdher pensdendsteilignndp ISR SARTES ?a Fe &%, ch can
harvest the f\ﬁ;‘rﬁl %‘Z?@f{ %g;)éé:n'f)itvﬂ{hga sul réaldfivePRh@idhaighodpiian e ébmplegiddo the’

ef ficiency ased on fluorescent emtters. The defldri mers can
be built i npat ey eidiRed reastedivilleapropriatehiufuactioralised derslrons Jafs [aPgut e i s

- preferred. Thus the dendrons are attached t : | ik gaids and
these 10 _aﬂ@thf,ﬁb@ééué‘ﬂﬁq‘%?%é‘fetta Beafethv : ct{laﬁ?alggdtﬁ?%%h?ghfﬁgﬁ mﬂl'?he

dendri tig mehal.c £99RiGkent of dendrons to some but not all of the ligands complexed to the
metal. A key property of the dendrons is to impart solution processibility to the metal
* . complex and therefore allow the formation of good quality thin films suitable for use in

Ji

light-emitting diodes.
The dendritic metal complexes may be homoleptic or contain more than one type
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




Optional ly other non-dendritic |igands can subsequently bel®fugshdlPx o said
conplex. Alternatively a ligand with a suitably reactive functional group
can be cowploeredszo the netal ion, and then reacted wi tBFTARRPOSF atel'y
functionalised dendrons. In this latter nmethod, not all |igands have to
have the reactive functional groups, angsthus this method- 15 allows the
attachnent of dendrons to sone but not all of the |ligands conpl exed to the
netal . A ke i SO B B bf pephidtiboRapsReesstdi ity
to the met a?é"’g‘@%pﬁi"ﬂ%%”%? efore (glffle%%t%lﬁgeﬁ‘ﬁgr ?aﬁ%gn_ of gojg quality thin
filns suit aklstatikideal nsetuieref allicginpler fyipes. iThiy isliddessssariie digadigniagsays et -al

conpl exes may be hgnol eptj.c,or contain nore.than one 0 ndritic
li gand, as &F%d %gﬁt th5op @’ﬂlﬁcﬁw&t@g&%ﬁ“ﬁg@wpﬁ{tﬁs a%:%%%?%% %;ﬂ f(i:jlgnt ain
one or pref erablerynidt fenifAtoRPpBxesit B prefer@ble that dRIAGiblidsdotntigatids pl us one or

-nmore non- dendritic ligands. For exanple, with_terbiumconplexes it is
ME&W&te

possi bl e % o atiecheenhpaint todwstd atealche sagiermg davesimilarhindipg popstnts

noiety for ¢ lexing to t t ' ati sf
The- co- or di ABRHSH G srap B Sei s By YRt BB jART AR puat | ST
co- | i gands jaglabReels djuphra daidiso Theconjzated clehdroan¢dnrbelcomprised of a

2,2' -bipyridyl, “benzophenones, pyridine Noxide and derivatives of these.
Al so for i rmnbenafdiffeentiynes phbrang S-two dendritic phenyl pyri.dine
ligands with thefhird i - I L s o el i .1t is
degi rabl e that t E%e ?\uﬁg cggl% ?JIB gﬁg}nd&ir}ﬁt?%&ﬁ%g%id dlggﬁ Qgétf%ﬁﬁ:e?gedgfs%lg?g?gvi de
the requigr egbieaits)sidraspoloass SHFgwatbrtideloohslie sotventseudeadnethanelpuitzhle 19

August 2005 WD 02/ 066552 PCT/ GBO2/ 00750 .- 12 conpl.ex e e |igands
are differ efWﬁWIW%?FWQJ%WQP g‘??“f?a YRJf t?tr“?i‘ a\ﬁgaﬁchﬁggpﬁgt i cal
mixture of gl eIl aifton, HEbMidDr A APARRI itk gogpeimallbaghous

provi ding that the optical, electronic, and processing properties are

sat i sf act or formhtion bEblemizséthodendiimer (atganis anvrgamopletatiia), palymer 5 malei| e t hat

the noieties form ng the 5 attach t point to. netal.ar t he sane or

have simi| a?o%ﬁ%’&ﬂﬁglucq?ﬁﬁﬁ’ﬂé‘g?m? ﬁ‘f‘@%?&&@venglf’gglé%a i ‘lﬁ?:x?dcéc;frzrlpl exes that

contain 1%m%1wsaﬂa£&eT' dehehRBt pARRGRPRSorBinchRASlC Gt andwdbrdrindeshichbl y be a
endr on.

conj ugat éd e conjugat ed dendrons can be conprised of a nunber
of di f f er enpossysestho farhe dendrintgpeduit ndifferepiecrsur f ace groups and dendri tes
can be varied so the dendriners are soluble in 10 solvents, such as
tol uene, THF, water and al coholic solvents such as nethanol, suitable

b
-

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 phosphorescent material being used as a homogenous light emitting layer in an
LED.. Wé have also found that when a phosphorescent organometallic; 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.




for the solution processing technique of choice. Typically!qAugist 9§053nd

al koxy groups have been used. In addition, the choice of dendron and/or
surface group can allow the formation of blends with d ' (organic
or organgWQtﬁg(Pqﬁﬁsé), pol ymer or nol ecul ar conpounds. Insgﬂ[é}h%%c?i ment of
the present invention there is a blend of a 15 phosphorescent dendri ner
possessi ng an organonetallic core and ajglendri ner which possesses the sane
dendron type but a different core. In an enbodi nent, the organonetallic

dendri mer ca&pREouil RGOHARPEE Pind MAGhSprebeibd o MJIé-rApoiaut BR/RS Wpdler a
honogeneous layer 20 or as a blend with another dendrimer (organic or

or ganonet al Riateyial andfoy electren transpasting materialippdiangequs. Braciughes abpdimente show

the first exanple that. ayare of a d- b ‘ terial
bor g used: 18 peies mygeri St e G R o, ARG ROMSERRISRE G o0 O 8

- found that whedofRaslgpebbélRseenhspRfigateaeial is dendriner i's blended with
a fluorescent host the em ssion spectrum may depend on_the driving 25

frequency of el ethe ¢reanompiallic depdrimersenn beinsorporgieddntp g kEBYR 8ppl yi ng vol t age
(or current YUl EH . ' ratjon -al Y t oget her

descri bi ng %%B%%O%\%?ng e?e%t}%%({‘fﬁy@wf%{%%&%ﬁgrﬁg%%?ﬁn{gggﬁére t he duration
and/ or peri gligctafluhinescent deeive adrcbedormed frome a dighteentifting layst sanfwichat der of

magni tude to the phosphorescence decay.lLifet] t hen .the enissi.0 spectrum
may be sensgﬁ R 1 %@‘03‘?% %’Ei??@t ?qﬂé’gﬂ‘é’f‘t’h‘sf?“} th?R?PWE‘?t f‘é_ﬁf&ﬁ“ﬁ?@ﬁ{% Yit has
been 30 foulHlptSilyideloah Bavddy S AHRANS R RNt R QN kit Wibkkata Char ge
transporting matertal. 19 August 2005 02/ 066552 "PCTI GB02/ 00750. -13 In “

parti culdr Ilayehataisperent dentde hager; @ hght emiitio bayerinda tagh deaiodarshunthis ng

and/ or a bi pol ar terial and/or .elecirQn transpopti Lerd | S
advant ageouBWPPSy ﬂé"%‘{aﬁg‘i“atgﬂr‘ﬂﬁmr\lﬁe&‘ tﬁﬁ‘s’b%%@ﬁ'r {hﬁﬁg%stp g%g%s“h%%ﬁt% cont ai n
car bazol e upjtSs typRati eiads BDEKs ABRSugh dthep insPhrefifthatertiis welchs RENeawte char ge
transporting material. 5 The organonetallic dendriners can be incorporated

into an LEDused. a conventional manner. In its sinplest form an organic

light emtting I ' \ blﬂ?m iddhisa |1 ght
emtting |ayer %}eﬁocﬁyﬁéﬁgﬁgﬁﬁﬁme e\é%’gsre}é%gega atg1 eﬁaﬂsiglﬂ:)d%g of which
must be iy agGRMITO) altitovzh ettensimiledmbtigdis incluBingtindium exidedinogidefave a

{7 anspar ont CERBERIGRR. Py GRAVBLFI G, ek opa PRgeases St o Bt bl | ofe
- For this polymers such as PANI (polyanﬂing) 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




purpose the standard materials can be used. Thus, typicall{BAugust2005 .
transparent substrate |ayer is typically made of gl ass although other
transparent materials such as PET, can be used. The anode, which is

general | YW@ PHMEFarent, is preferably made from indium t BT EH28%58e (1 TO

al though other: simlar materials including indiumoxide/tin oxide, tin

oxi de/ anti nony, zinc oxidelalum num, gp.d and plati numcan al so be used.

- Conducting polynmers such as PAM (polyaniline) or PEDOT can al so be used.
The cat hodegledrode 4Rt live sheat Sapdtate@sinWilida shbdtghir® hydRlaphlical Thklf@M - such as
A, Ca, M, Li, or MjAl or optionally with an additional l|ayer of LIP. As
i s well knoWeknesads gpivaly 29nar to 1980nrn) prefersblydlessstban 200nme Mot mrgferabliod @
transportin terial and/or an electron transporting material. Wen the
dendri nmer i phosphorescent emtter, it has been found that it is

- particularly beneficial to have a hol e-bl ocki ngl el ectron transporting

| ayer between the light emtting dendrinmer |ayer and the cathode. In an

al ternative Acewhiagrsehef e nvepRongupddesa Rrogsssy 1os Producing adigadriragredsi 'al  such as

si I'i congaiila6@e ix@spb?, witich frdkdst EflnfiieQuah the opposing el ectrode. An
advant age of the presgnt invention.is that the |ayer containing the

dendrimer can(@e JEPHEIESICHS BInfUBIRG 3 somPlek Rewisen & metal aan I8 iW8r ocessi ng

techni ques such asy gplenobRfMdtiNg ’gr&fpg,natt!l%f A8 df ﬁi.e%hﬁpﬁlﬁ:g}i%e%ﬁﬁg he used to

deposit the. dendriner layer. Iha "typical device a sO on contai ni ng

the dendriner is apgpitivedonstienalithend r ansparent 1 9 August 2005 - WD
021066552 PCTAGBOZ100750 - 14 el ect .ode | ayer, the sqglvent. evaporated, and
t hen subs eque@?%?@&%g %ﬁﬁ?ﬁeéﬁs pf%‘@‘%?ii"flm rﬂf&?ﬁﬁ%@?%f%s W;‘fﬁﬁﬁ’éf’)? y | onmto
1000nm  pr ef er ablbeeh efimctidvalised 00N rendedr themr edaetiwbltywdds th@ GeactivA t ent h
aspect of the invention provides a process for producin dendrinmer as
Gofined i n the ot dureESuBies PR BF Goms 2t (G, Preceb e (plpht SPlEnG o cor o
by form ng a conpl®yupgtyeen a metal cation and two or nore coordinating
groups, at least two of the said groups bearing a reactive functionality;

and (b) treating the core thus provided with two or nore dendrons which
have been fundni deednils @spect of rthedaventibie mroddest p viwotasseder] pradyeingedict i ve

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. *




functionalities present in the core, at |east one of the HAWUsH300Sei ng
conjugated. An eleventh aspect of the invention provides a process for
producing a dendriner as defined in tHéasi xth aspect, which process
conprises: (a) attaching a coordinating group to each of two or nore
dendrons, and b) fQrmn conpl ex between the copr.dinatin roups and a
metal cation e ?fB?‘i(%(?gélFel @Bﬂﬁﬁ’&éﬂo‘f‘ escf‘ﬁeor%arm?rﬁgﬂ g gﬁgig%\?\ﬁi ch remain
in the c5@stditd Qﬁgﬁt%lt@ng-laﬁr kuRhfitHedasareh affanbdieandwveithidderwhprdni des a
process for producing a dendriner _as defined in the sixth aspect, which

pr ocess s&i6 kpht contiing (aypr eanpgisht wigpleticigupersirdmrety cgPBISE t o each of two or
nore dendrons; (b) form ng a conplex between the coordinating groups and a
nmetal cation; and (c) optionally further treating said conplex with one
or nore addi i fifiedntic espedi nhtlan ipvientipon deovidas t lai phosphierescerfpe@poghd t he
-invention provides an ani hght emtting device conprising a
hom)geng%la nﬁl?gg%?ongﬂﬁ‘?fir@émflga&e "wherein said light emtting |ayer

- conprises a d-block phosphorescent material. 1 9 August 2005 14a A
fourteenth aspect of the in&ﬁ?{i«.ﬂ rovides an organic light emtting
device conprising a |ight i 991 ayer sandw ched between an anode and a
cat hode wherein said light emtting |ayer conprises a solution processed

metal conplex. A fifteenth aspect of the inventjon provides a .

phos phomdeteih M es)wpybmndea%dﬁfpﬁi%mﬁga@ e Fme or SHffgrentyl 8 COPRHANARE X- | gYr (1 V)
wher e1'n b S¢ LAY s L Boto, Widhenbe 1S a
coordi nﬁ‘%‘%%‘ litg%{rcgup lg ggg%%(g:] %{/ée{ts}ﬂllng e tﬁ)g%l ?gﬁa _(r:eacti ve f%cﬁi onal
group, techm¥er diffiersht, ey cdvedingting gseups qés andfinfeger andir is § or an édegedithat i ng

roup, is.an integer .and r,i.s 0 or _.an i.nteger.. th . + (b.r
gei ng egﬂ'ﬁl"f?%q)ﬂqé‘gﬁ’uﬁ%‘ég eqfal 19 Sty o cg?@g?u%gﬁ?sa%{igh @%\ oklllmg\)/\her fai n 231
i's th‘e FUEBRY a0k Be onusibeAtdfOfbosdih@ibnOsites Yol [Arjdald ibs id e number obf

coordination siteson 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 réference to
the acc&mpanying drawings wherein: | ‘
Figure 1 silows coordinating groups fof di- or tri-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 synthesis of tris[2-(Ar)pyﬁdinc]iridium §11)}
cc;mplex; ‘ . ' ) .
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;




coordination sites on Y. A sixteenth aspect of the inventi BhAugust2e(ss
fac-(2-phenyl pyridine)-bis[2-(3"- bronophenyl)pyridine] iridium(lll). The
invention will be described in the Exampl es which follow, with reference to
t he acconpanyi ng draw ngs wherein: Figure 1 shows coordinating groups for
di- or tri-valent netals; Figure 2 shows the structure of first generation
I ant hani de dendriners; Figure 3 shows a reaction shene for synthesis of
first gener Migwn9 shawsdtwyturaiofiBendriyeandsand Ingtimer B; shows a reaction scheme

for synthesis of -Aris[2:(Ar Eidineli el di : lyeX:q4 Phgure 5 shows
t he structuﬁg‘ﬁ? lmv{s%%ﬁﬁm’f@pﬁ%@rﬁ% tg@%‘.{‘é‘.}%’)ﬁ‘f“?%%‘% 1) conpl ex;
(FlI lgrge 6 slhwgné ilg?slﬁﬁnfsug:huﬁﬁ:eﬁdedﬁmw&h&im&?&dBhbpgd\)liﬂyhgli@_ﬁi ng] i ridium
conpl ex; . Figure 7 shows the structure of. or rd,n_dendri mer;
i gul o 8 shemaions 1268 bl Lo Lp RS FrittLAdCP B C-b LATGHS 2005
i 4b Figure %@9@3@@%&%&, _e_s_),eq)ﬂﬁaﬂdffwefz Pr.andddandso mmy..By, PLFi gure 10

shows filma n spectra’of neat dendfiner filnms (A B and 12);
" Figure 11 shkosigdkhidioresrand BAf(—); of dendrinmer A and B doped with guest

e WP DY b
excited at 3bihnd. Neat host enhissidtl(a), 2@ g6 edlssida @b)) 00 foh blend dedicd pyisedFi gur e

12 shows EL spectra of host (B), guest 10 and bl ends under different
operating (@yfi0tnohlsnd Nesdee seady stetei(dsh59muy bipnd devise Ypde ttalet®ssi on (b), 200

nm bl end deyice pul sed 5 200 2 | Steady state (d) 150 nm
bl end devi c 1%1{ee§ldf§po§vfg§egﬁf(g}e?&aﬁﬁgﬁérgn%ggﬁ%ﬁ?’t he EL spectra of
dendriners kQuand shbws eI Sedifurs bOIcoui}arddlio SRR spetrarh of endumeai®dd to the
EL spectrum of dendriner 13. Figure 15 shows a r tio chene for the
synt hesi s oFigureel 5 sBepp ¢ reachepschenye for thecféfﬂ@ﬁl?@?theg&&ﬂ%mﬁla ows a reaction
schene for gh synthesis of tricarbonyl-chloro-{3,5-[4"-(2"-
et hyl hhexyl @f‘ﬂ%gnyl ] phenyl } phenant hroline rhenium 19 August 2005

Figure 16 shows a reaction scheme for the synthesis of tricarbonyl-chloro-{3,5-[4’-(2"-

ethylhexyloxy)phenyljphenyl} phenanthroline thenium.




WD 02/ 066552 PCTI GBOR100750 -15 Figure 17 shows a reacti on'%A¥gsse2G08r t he
synthesis of the second generation 2- arylpyridine |ligands. Fi gure 18 shows
a reaction schenme for the synthesis of tris(4-{3",6"-d|% @ 50 )
et hyl hexyWoxX¢Pe&ny| ) car baxol yl } phenyl ) ani ne. 5 Ref er en€&T ﬂ%’l ?1 cobr
(RI') 4-(2 iEthyl hexyl oxy)phenyl hr om de Sodi um hydri de (60% di spersion in
oil, 17.4 g, 435 mvl) was added in porjgsons to a 10 cold (ice-bath)

sol ution of 4-bronopheaiol (49.0 g, 283 nmol) in dry DMF (780 cnB). The

m xture was B £ 19 Shfs o Bition SURDIRE 4 EsyhMesid of thd Bstohd Geriefitioat h was
renoved. A ution of 2-ethyl hexyl bromde (54.4 cnB, 306 -mmmol) in 150 cnB

of dry t)I\/Faygdpynchnthdhropvm se through an addition funnel to the reaction

m xture and ction tirre oam @ 4P\ea0i ght (21 h).

The resul tar}ftLl iggl}ogvﬁﬁa{gélgﬁpﬁlﬁ@gﬂeﬁrt ”f% %%g@‘o{i’ tﬁngﬁ N et her (500

cnB). The. \{]@uﬁ%@@ Wcﬁ@@@[ﬁ;@%ﬂj&ﬁ@a@queous | ayer was extracted with
0

ether (3 x 3 and the organic portion and the-ether extracts were
dried ove’ anhydrous MySO4, filtered and the filtrate was coll ected and -

evapor at ed der rﬁduce]d pressure to |l eave yellow oil. Colum
chr omat ogra;#ﬁ&%% gel (half anount each time) with |ight
petrol eum as;;(p.hugu) afforded RI (54.1 g, 679 as 20 colourless oil;

L (CH2CI 2)/ nm 284 (s/dm8mol ot 1 51) and -291sh (1001); bn(400 M:
CDC 3) 0. 834 26RthyBexylowy)phepylbromide 1. 57 (8 H, in, CH2), 1.68-1. 79 (1 H,

T S R G R R Attt

7.33- 7 40 (2'3"
30.4, 3918, oM Fedhh)dolitich ﬁ4mamphena1{d9 033283 mml)méfi@rlamé’@daﬁﬂ{ e 2

O SnBu3 (o 1022 Bl AUk e e i b b Rere 19

solution of 2-ethylhexylbromide (54.4 cm?, 306 mmol) in 150 cm’® of dry DMF was
added dropwise through an addition funnel to the reaction mixture and the reaction was

| stirred at room temperature overnight (21 h). The resultant mixture was diluted with

: 15 water (400 cm?) and ether (500 cm®). 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
amoiunt each time) with light petroleum as cluent afforded R1.(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, ArOCH;), 6.74-6.80 (2 H, m, AsH), and 7.33-7.40 (2 H, m, ArH);
Sc(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
.G0-SnBu; (R2) -
1-(; 2'-Ethv1hexvloxﬂ-4-(tr1-n-buty_] zlbe '




PCTI GB02/ 00750 -16 Tert-butyl lithium (1.7 M 21.7 cnB, 36VBAugist $008as
added sl ow y over 10 mn-to a cold (dry-ice/acetone bath) solution of

GO Br 7. 24.5 mmol) in 54 cnB of ether under sphere.
The mxtﬁécb gsggtlrred at -78 Cfor 2 h and tri-n-butyﬁéﬁgﬁoﬁ(ﬁ?@ride (10
cnB, 36.8 mmol ). was added dropwi se over 5 min to the mxture, which was 5
stirred at -78 Cfor | h before being rBvoved fromthe dry-ice/acetone
bath. The m xture was stirred-at roomtenperature for a further 3 h before
- being quenc'haedbwylmmuhﬁehbm DA 6P, Q6(2amotyBYas added shodpovs 10 ayisto aveeld
separated and extracted with @ x. 10 cnﬁé The Jcﬁl 01,0 {behane
extracts arl@rs-ive/asetare by seiution e @ Brdddh(7did % 456‘%}@?}?) Tred. The
sol vent s I (TeTel d | Q-bugeded the
excess tr%%ﬁfggwg&"g o??lge to :'!}g&agvs{e]ﬁ . 795‘0%0}@111%&&%2 as a |light
-yellow oi Ich_[éhde((waﬁl’ 2))8/ominnl) HAT a@@ﬂaﬂm@mk&dvcrﬁ 111118@6)1& migiere 28lieh Wes 60) ;

5u(200 MHz; CDC13) ~ 0.81-1.0 8 n CH2 & CH),
3.84 (2 B, ﬁ%ﬁeﬁﬁb@ﬁz"? fos! ékcfg{@eﬂg Iﬁﬁﬂ‘?}&"r‘#\fgmﬁﬁd’%ﬁw “(]“2'{“12‘}“1’“ AR . 15

Ref erence ﬁ%&mjﬁ ﬁ%e?&hﬁe for a further 3 h before being quenched with

D[4 -(2"-¢ exyFoxy% nhenyUbenzal dehyde Method 1: A m xture of R2 (8.50
g, 17.2 mold% oBNSL;ﬁl(,q)lﬁZQﬂm’béﬁzanmwe(wasmp@atﬁdmﬂWt? with (2 (790
ng, 4.15 mol tr| e I , 0 684
mmol ) and ?B”iﬁ‘ﬁ;)oiﬁ%‘%‘g@ ’iofr? é@ﬂ@fcgﬁ ea}l\(}vaa% ﬂeakj&gbat re tﬁ%ﬁx for 14 h
under ‘ar go S-Ef'?aﬁ&ﬂﬁérb& ThE sVt SwiRTerabved Wospletel it Biuolasta distilalidn | t ered
through a p u% l'ica gel using DCM as el uent. %)' ﬁ%ltrlﬁﬁ_g#

col | ect ad anmowtbﬂ@@mﬂémh’l-mh@% %@WW&M@&@ Pei | ow

oi | . The resjdue ed M2 i ca

usi ng et hylo’%@etx&?vﬁlqlﬂg e(F/fiB‘IXIEBﬁP‘POW% ‘{P%%?{ as e gﬁt téé}ﬁﬂg R3 as a

col ourl ess v L0, QCHHGHRLT12) / nm
247 (al danr)r%i[ 1@&%1{2%%%1227141 kgrzmﬂ(lﬁe%%&s 5?18(1817];1%:%( 480 M—Iz;)

CDC13) 0. aa(zﬁeﬂ,Aﬂ)zmeus&ﬂm@ At:H):so 1.61 (16 H, m CH2),1.73-1.84 (2 H,.
m CH, 3.94 (4 H m 1 9 August 2005 WD 02/ 066552 PCT/ GB02100750 - 17-

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 mmol), tetrakis(triphenylphosphine) palladium (0) (790 mg, 0.684 -
mmol) and 20 cm® of distilled i:riethy[amine was heated at reflux for 14 h under argon.
The reaction mixture was allowed to cool and then filtered through a plug of silica gel
using '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 oil (1.91 g, 83%); Voo dem™? (neat) 1700 (C=0); l,m(CHZ'CIZ)Inm 247
(s/dm3mol"cm 't 22406), 274 (27554), and 339sh (1817); 8x(400 MHz; CDCl;) 0.88-1.01
(12 H, m, Me), 1.30-1.61 (16H m, CHy), 1 73-1.84 (2 H, m, CH), 394 (4H, m,




ArOCH2), 7.04 (4 H m ArH), 7.62 (4 H in, ArH), 7.99 (3 19 A4qusp240S and
10.13 (1 H, s, CHO,; 6c¢(100 MHz; CDC13)11.1, 14.1, 23.1, 23.9, 29.1, 30.5,
.39.4, 70.6,115.0, 126.0, 128.2, 130.8,131.9,137.4,142.3, 159.6, and 192.5;
mz [ CL( N§dkbo&sss (NI1'"11Lt ), and 515 (M+). 5 Met hod BCT/GBIHNRIMWre of O )
(213 ny, 0.851 nmmol), 3,5-di bronobenzal dehyde (98 ng, 0.370 | M1),

tetral ds(tri phenyl phosphi ne) pall adi um ﬁ)) (30 nmg, 0.026 mmol ), 2 M Na2CO3(
J (0.5 cnmB), EtOH (0.5 cnB) and toluene’” (1.1 cnB) was degassed and heat ed

h dture was ADCHb] B3 ot AhIod (1 andfiiadoas Rer X ana fOudfbtaded <o
extract ed wQHOEPIR PERSERCLTLE L PEREDS R0, 1SS0 30 B0 10, et act s
were combi nqdgantbody, iisHo 0ven, M¥A,d59.6sandeene s ICKNHE] 583 @NE,T), et ed. The

solvents were conpletely renoved. -The residue was purified by colum

chr onmat ograéﬁ?(MS)over silica gel using light petroleum (60-80 'C) as

el uent tosgi ve 172 ng (90% of R3 as a colourless oil. Reference Exanple 4
GO B 20 4= (2'-Ethyl hexyl oxyl phen | boronitc acid Tert-butyl lithium (1.7 M
66.0 cm , -1JZermord?t;) was added carefully. to a cold (dry- ice/acetone bath)

solution of &4 Br R1(20.0 g, .70.1 )i 300 c f aphydr THE under
an argon at fpEpHeies! —3@3#%0&5& %?&%ﬁ‘f“?‘&&ma‘?eﬂ?ﬁé&ﬁdﬁ@?@ﬁ@%d then tri-
- methyl bora juAdUFa0$h® 0026 endl}) 2 M DlagC O 3t ur e.
The reacti o%@i&%%kgsﬁpl?egg@?@g)%ﬂfﬁ%r 2 Egbefggr e, bei nj1 r_errgg::e%g,( romthe
dry-i cel acet{@SenPREHOH (he cmiiand toleengdh ! cmndrwasdpgasted a&@h@&%‘fﬁt rdsdriture for

further 2.5 h _before being.quenched -w ( T wo G
layers wi? e bathjempgragre Oﬁ% %@g?%@”éﬁp%@wé@%?ct%‘&ﬁ %wtgﬂ@&lﬂ( t{:(r 30
cnB). The Ogéﬂb Gk 3M6F ga:ﬁﬂ) Whre a0 16 Wemaigtuse. TS Bvlfhadusguesd sep@Bed. WO
021066552 PCTI GBO210075

Gl a1 o, 11 Mheraubousyeriss kROUOLEAE 5 5 pr oiT0Y RO BHRdRt RPfea | on
by colum ¢ Qg{gar}%t W %%B’xﬁﬁin%’ &ld ﬂeliio%’r %&&E ﬂ:%n@gulﬂﬂ bulfate gnd filtered. The
solvents were completély removed. The residue was purified by column chromatography
15 over silica gel using light petroleum (60-80 °C) as eluent to give 172 mg (90%) of & Ias

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. The mixture was stirred at 78 °C for 1 h and 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 f_u;'ther 25 h before beiﬁg quenched
i with 3 M HCl,,;, (30 cm®). The two léyers w_eré separét_ed The a:jueous. lzijrer was
: extracted with DCM (3 x 30 cm®). The organic layer and the DCM extracts were




acetate-light petroleum (1:10), and then ethyl acetate- DCMYBugust Z06: 3) as
el uent gave two major bands; |ess polar conpound 4A 6.44 g as a col ourl ess
oi l; 8a( 2\% %\@% 5 CDClS) 0 81-1.05 (6 HL m M),- 1. 221,33-;,@2;0{,&,7% in,

CH2) 11. 68~ fsf in , 3.91 (2 H m ArOCHZ) 6.98 (2 H m AH),
and 7.77 (2 H in, Ar|) and noré polar . conpound 1 a triner. 4B, 8.40 ¢
“as a colourless oil: Sn(200 |sz CDc:ls)rlfb 85-1.07 (6 H m |ve) 1.30-1.64
(8 H in, CH),1.70-1.90 (1 in, CH, 3.95 (2 H m ArOCH2) 03 (2, m
ArH), and 8cagbipgd mnd dried oxg yd@@ mﬁan@smeusulﬁ@e, ﬁi@w&@uﬁﬂwzﬁm‘féﬂtsmr% an be

d th
of “an or 0 orRG el Brbled PRl BFEpHE P Bl end B SHRS prpbip g Coo
consi der ed aé‘etale-hglﬁtlpétrolaﬁhﬁ emmﬂm@lacaatemmeﬂrmms)m Suéntigavd 4' - cz

"-eth the to hen I hen | bromde A mxture.of the boronic aC|d 4B (7.9 Qg,
31.6. mol )twc_msj,osbmdsbheasrmbwe porapasind 4A56.44 g as agolpuplens oil; 5(200 MHz;

Naoocn( 4 1 16T P B B R e R B e ) 1 5.0 130 430

heated at ZQZH%HKMQW'[@S?@@H&AE%QV&HHW leQJAr}maﬂdaﬂ@epalragon for 22 h.

The m xture was al | owe to cool ter (20 cnB) and ether (30 cnﬁg wer e
added to theompomdﬂmtnﬁteeﬂvﬂﬂ(tmlounbssemhéﬁ@ﬂ&i\/&ﬂz Cﬂ(’éa)é)eﬁﬁebﬁ'é( Hyer

i oot wereMri b bt i 80, ) 59 A Fure B2 Eor b3 ARG Fhna

filter'ed. T@s&l Snd' B 1 €209 R |y removed. The residue was purified by
.25 col um romat grap y over SI| a gel using light petroleum (60 80 O
as eluent to .give 6.04 g (74% of R5-as a colourless oil; 6a(200 ;

CDC13) OIGBZNQtBOQIﬂ(EMOmPOW_A@_&@n@ upeslyB thameastion e 651 fhﬁm‘%@’ﬂféwﬁ 19

Me), 1.26-1.,60, (16, H (4 H in,
Ar OCH2) , 6“’651"%’% ﬂé’”f’ﬁ”“ﬂwﬁgfﬁ"”%’ﬁ? %dg’%ﬁ e }ﬁ'&"beg r@%"ﬁ'gg% s, Ari):
m z [ MALDI | ¥a6sHobi)be cohsidaelita fatio. 910 ng (9% of the tris- substltut ed
- conpound as a colourless oil was isolat ed; 5n(200 MHz; CDC13) 0.82-1.02
(18 H, in; M), 1.25-1.63 (24 H, in, CH); 1.70- 1. 83 (3 H m CH), 3.90
(6 HH m ArCCH2), 7.01 (6 H in, ArH), 7.62 (6 HL m ArB), and 7.65 (3 H,

s, ArH) ;1 Refolifde Brafifide § 1V1H) .
15 GI-Br (RS)

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
give 6.04 g (74%5 of RS as a colourless oil; 5;4(200 MHz; CDCl,) 0.82-1.02 (12 H, m, _




rence Exanple GL-BX, (R6) 10 - Tort-butyl lithium (1.7 M T AugusP2005. 15
nmol ) was- added to a cold (dry-ice/acetone bath) solution of aryl brom de
RS (1.82 g, 3.22 mmol) in 18 cnB8 of anhydrous THE under argon atnosphere.
The reacty,@gflsyd:ure, changing to a deep reddi sh brown PeEGB&¥MFied at -78 -
Cfor 1 h. Tri-n-butyl borate (5.2 cnB, 19.3 mmol) was added slowy to the
m xture and the reaction was stirred at_-78 C for 1 h before being renoved
fromthe dry 15 ice/acetone bath. The Mture was then stirred at room

t ture for further 3.5 h__bef ' ith 3 7 cnB).
The two | ay¥ies bieh-b 0 gHaRamedi o B EHE, FE5E5 S i 05 {1 DM (5
X 5 CmB). T@@?gli@fﬂi %I#-I?,Wti@?,jnf 7828 L Abgyi rpseg ephydr ous

magnesi um sul'f at €’ arid I't'er'ed’ The Sol vent's were nmpletely renoved.
Purificati Dnadditici, PLEmg(e%) efithetnis-sulstinged¢ompovadast agatowliegivil w8 pet r ol eum

s b S vamm iy B8 G T R P et s
Ret or ence BhanG 5 Ol AR B R IHONERY M0 A0 13, (G Bl V1 el
tert-but oxi ¢dg5(3 22 s/BEH)1mBJARTD] $o2@4Htdded to a solution of [G 3]-

Phosphonat e Reference anple 7A (551 ng, 0.218 mmpl ) and Reference Exanple
8 (34.6 ng," 0.054 mml) in dry tetrahydrofuran (15 nmL) and heated at

reflux for Er?@%i Wg21l.5 h under argon and then the selvent was
renoved. Di THF 9 August 2005, WD 02/066552 PCTI GBO2100750 - 20
(50 nL) wasGidBXg(R)d the organic | ayer was washed with water (50 nL) and
brine . (50 ni), dried ov dr,ouszsodi,um sud.f i ) the . °
sol vent Yendeédubn hlﬂé‘é@éﬁé 1\’?’32?/ ‘fngm#igﬂ%ow eaLHrd ggoéuce(ﬁ%d?%?%ﬁtcu t to

purify by c tumme;%t{nqm%%f@ﬂaw@ £82 §,3.2C@mol)\ W éhcm’® of anhydrousiBFane/ | i ght
petrol eum mgédure 1.5:3.51to0 2:75,)Y vva% used as eluept a gFmaII anount of

5
pure mat er i ahderergon arsosphest-khedeactionmpgre, chrRgiRg oA FFER EPATHH AP ¥ i al
(2260 mp) and 'cf%'r?ﬁ;é fof }%gig%&@ﬁméqsﬂ%@lﬂsmw% idded SbWEB HS M)

and heat edS%te e sotvent ’was renbved and t he residue
purified bypgektiBhd thirakiewas strabe 78510 for & hisfmgbeingiicotovest Somthads- / | | ght

Dol 1 oct 68 afasiacHiens bibaHie ey e el el o wrareus SEREHREE BT h ¢ ne
first fractign of pire FRHGHRA MISCEL Yo, TiRAHoMerR sepaatcd Fhe
. aqueous layer was extracted with DCM (3 x 5 cro®). 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 efhyl acetate-light
20  petrolenm (1:10), 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];N (Compound A in Figu re 9)

95 Potassium fert-butoxide (122 mg, 1.09 mmol) was added to a solution of [G-3}-
' 'Phosphoné.tc 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 .




267 C. Anal. Calcd for C594H687N. C, 91.0, H, 8.8; N, 0.219fusti20050. 6; H,
9.3; N, nil. vm (KBr disk)/cm: 958 (C=CHtrans). X, (CH2A 2)/nm 239
(log s/drn3nol"’ 5.52), 323 (6.08), 334sh (6.04) and 424 (5.16).

- 6H(400 Mg, %g.z) 1.40 (432 H, s, t- Bu), 7.03-7.37 (p6HcBoxouse G 1 vinyl
H G2 vinyl G3 vinyl H, 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 H AABB,. cp H, 7.65-7.77 (63 H‘200p H). mz (MALDI): 7839 4 (&
1001x). GPC.. 14., = 1.0 X 104 and 1V.~ = x 103. Exanpl.e &)COO\I
(1) 3 5-Di 1@'0:412) W@tadﬁtw;tbmmhbm Wasefrﬁélmdcmﬂhwar @@M)@%#Epﬁ ( DCM)

0.8 cnB t|on t he deh 4' -
2 eth 1 hexmlp 3Pt v B Gef I e i GRS E RN Wl " T
and tetra nydidwdoBADT e 183id e d¥ dificlbtb pigily By &Qﬂmralirbm)atogmphy avetstlica.
.sequentlall 25 to a cold (ice-bath) m xture of 94 i‘% gag\g 3. 00 mmol ),
NaOH (20 ngWhen s@@hloserss mﬂwhop%romlammﬂeﬁﬁ%% et el afaertfe
t d at MRS @inin$hof th 16 h
: Ee:‘ (r):g b§| ndn‘ﬁluenc 8?%1%2%%0%%”@%%@% I"ei'he mgxlﬁjygla/asegassed
t hrough a spmlehial(-R60 mk) amkbdibe (Mimg) mwmnkjmmshssekvh;m@b@na(@ml)gms&ugust
2005 . WD 02/ 066552 PCTI GB02/ 40750 -21 as _ The %%’Zt Suv@s
col | ect ed ahﬂ#tqdﬁéf@é?‘\f@rﬁ%hv@}eéok’ﬁwf@tr@?/veﬁ@ﬂ‘gg’gaw “n&c:'? resi due was

purified by, li Molbdin Bitkotte @53 atte-
DCM aceti c & ?g[ W@E@%@ﬂ%ﬁ%ﬂ)ﬁi\@émﬁc&e&ﬂgﬁ@tﬁfﬂgegl ve 458 36(86% of 1 as

a yel | ow sh2 3)3asldhd:;ut (e 106 factioEows dolleGied 28d Qlesﬂvglfﬁmmmm Pequires C,

(5] arann i< o g e Pimiash i Gyt EERa BB e 2050 o

0.90-1.03 (éﬁ?ﬁd Azﬂal (ﬁﬁ&dfo%C?g?ﬂ,l\ﬁ@ éiLﬁ st I’N (}Ql-lﬂiourﬂi Wé_;LHBﬁsm . CH),
3.93 (4 H, Tn, , A 798(1

H s, Ar H) vna,{@ﬂBBdElZ)/c(rﬁ" HﬁSlﬁE—@-HﬂwJH) M@‘L‘lﬁbﬁn fiagélﬂgé@;n mosegbllbo Mz
CDC13)11. 1, 1, 30.5, 39,4 6, 10
16,5 130, 55 543546 OB g (65 o C:th a0 Ts: BGlG) O BB Ty and

531 Exanpl eq, G 4003F6 &2y H, G-1 vinyl H, G-2 vinyl H and G-3 vinyl H), 7.17 and 7.50
15 (12H AA’BB’, cp H), 7.39 (24 H, dd, J= 1.5, sp H), 7.45 (48 H, d, J = 1.5, spH),759

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

100%). GPC: M, =1.0x 10 and M, = 8.3 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




15 Europium 3 5-Di 4'- 2"-eth the. la hen 1 benzoate A mi xt1fAugst 8PScooH
(1) (500 ng, 0.942 mm), freshly dried Eu(OAC): 3H20 (70 C, 0.5 nbar

“overni ght 103 nmg, 0.314 nmol) and 28 cnB of chl oroben ;A)eat ed
(bath ter?%f@ﬁ’%(?‘iﬁ:@ 70-75T) under reduced pressure (wat er@@%ﬁr‘@@%r . The

solvent was renoved slowy over 1.5 h and the residue was evaporated under
vacuumto |l eave a pale 20 yellow oil. The oil was then triturate with MeOH
to leave a light yellow solid. The solid was then dried over vacuum (0.5
nbar over ni ghinedOTHL HBrahSasBlIdcAAAME 1 sobvedB Weyddtpletelg kéntbved. Eher opi um
conplex (Found: C, 71.7; H 7.9. for CLO5H13SEuO12 requires C,. 72.4; H,
7.8 % for CudsHs@UEWES Birified by pelyma chmatography pyerns] lcﬂzelmth ethyliafetrler my 268,

bonzoate 1oDRIGHR 2908 SRR B SR 1 s 478 o B L el
r?b a?Og\ljeﬁ ﬁ.) 5‘%??9‘ s °Q; @dendqpy.2; IFU&:arctgHmueqmaasmwm%)x 70 C, 0.5

d 28 hl heat ed
(bat h t epevdam cm?%sacmmgé datamp i Card PR or ) Voot

f th | d
Sndter evaiaupﬁai}? eave?%ﬁ%) raﬁ‘?@ay ow o ﬁ) éurﬁwgltzrﬁv\%g%)dggsﬁt(gf Iatee W th
?/SO; Fr‘galr egéqgﬁf:mpnngeag QW, mlc?% 3;231;'% I;jml, Adgrﬂas &ﬂfd ﬂ(;g Hg;?%fzézﬁ (;/ﬁguum
d 0t or B dsib 7k BB Rk 1 g0
rgzhrsestg ?f??%l”"??' cBeB) g 11811, §1.95F4.5 380K 3000 T0 859%2, 114941266, 7.8 %

?/nm (thin and 10" General procedure for the conplexation of
co- i gards \1\2821.16!1.3;13@1&41&,%9,69%@66[‘61/2[@0\7@3)%9 Wkr)tﬂnéngi the .
europl‘um cog\%ex 2 (6.0 ny, 0.003 mmiol), 2,2 -bipyridyl (0.5 ng, 0.003
and ) cBof t ol uene was stirred for 10 nin to give a
cI ear/hom)geneous 15 solution. The soluti on was filtered through a cotton
wool- before being spin-coated on a
Example?2

~ G1-COO:En @)

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 -




quartz substrate at 1500 rpmfor 60 see; G -COO Eu2, 2' dl Etzdgglnm
(thin film 268, and 329; Gl-COO Eu4, 4'-di-tert-butyl- 2 2 b| pyr| 2/ mm
_(thin film 268, and 327; d-CO0OEu4,4'-di-tert-butyl- ¥

di - N- oxi OWO ORPS6R2(thin filn) 267, and 20 323; PéTfGBOZ’ S0

Gl- COO Eul, 10- phenant hrol i ne; ? / nm (thin film 268, and 329; d-COO Eu

1, 10 phenaut hrol i ne N-oxi de; 7 Inm (thigp-film 268, and 329;

G-COOEubathocuproin ,dnm (thin film 271, and 329;

G - Coo- bA%ﬂmdbfero@le(scm rﬁiﬂ@i@ﬁm |ﬂd§h1ylﬂn@d1rﬂ(@Ac%3JHa01(?ﬂ) hin film
267, and 25 326; G1-COO Th- enant hroli ne; _? (thin fbxdz 270,
and 326: GIC, mw:wemm}(é%ﬁg Hidi o) and 2§ e’ oiﬁchiorobeywnﬁweﬁ ateck i | )

270, and 32 Jn hi_n d 329. 19
August 2005&%655%2%9‘%@%%5%8#% S%(( X3 as{pirlatﬁb I%LZQA);E rPh P

2- 14" - Br ono pdledhy e Mol Rfobedbvel X5 Hard ik r&dﬁb@fﬂa [dyiédl ﬁhd&ﬁw(cihmﬁiio aver. 69
- mol ), 4-bromophenyl boroni¢c acid (2.00 g, _10.0

mol
t et r aki s r kprle iy et phhernihwas fiep N{B@thor%aﬂvee Tightyrelipgsplid. The
Na2CO3(. 0 ( d and then
heat ed at glfd@%\,}mhﬁ%éd(‘ﬁdtenpera ure#wgﬁ r gér‘%%ﬁ@%?@%? h. The
reaction Wagaclhalv\hmmﬁdtoﬁthedesﬁedtdmmamomjﬁx&@oummﬂ & 19eH, {.60ornB) were added
to the m xtur hss The a 1Sy | . was
ext 1 act od uf et HGr TBIE Gorlidh T HACODE gatnEoD B Rt HEb I
extracgts (@i ek 298.5hed30M th brine (1 x 30 cnB) and dried over
anhydrous%em um sul fate The solvents were conpletely removed. The

resi due Mas purified by colum chromat ography of silica gel using |ight

etroleum (60-80 C to ive 1.52 4% . of, 4 .as url ess.s d as the

8e5| red prg alPFﬂ)?e@‘Eeé’grﬂE@° gxi%“%%ﬁﬁ‘ﬂmtvﬁ% ‘i?(fg%g& g’ﬁ “ﬁ%afob H.

Hey J (3 1940, 355) 6a(200 MHz; CDCI3) 7.23-7.35 (1 H, in,
758%/1'}@&1(’2H m ArH), 768781(2H rn, PyH, 7.83-7.93 (2 H,

m Ar i), and nfx®: dfithe bhropitm cBiyplex 2 [He nigj;DJNNRﬂnsol); Qrﬁ‘JbaJyriﬂyi (6Beng.eport ed
| 0.003 mmol,) and 0.2 cm’of toluene was stirred for 10 min to give a clearhomogencous
15 solution. The solution was filtered through a cotton waol before bemg spi.n-cc_)_ategl ona
quartz substrate at 1500 rpm for 60 sec; ’ .
G1-COO0-Eu2,2-dipyridyl; Ae/nm (thin film) 268, and 329;
G1-COO-Eud,4'-di-fert-butyl-2,2"-bipyridyl; Aue/nm (thin film) 268, and 327; _
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.




by M A Qutierrez, G R Newkone, J. Selbin, J O ganonet .19%%12005,,
1980, 202, 341 350 20 Exanple 5 2-(4'-Gl-Phy 2-(4'-13",S"-D"-"14""-
2"" - et hyl hexyl oxahenkl ~aheny3~henl )py ridine A m xture of the boronic

conpound wh oBedsedence ExgM e b: G -BX (1.18 g, 2.22 25psiRiBh1/00750

2- (4' - bronophenyl ) pyridine (400 ng, 1.71 mol),

tetral ds(tri phenyl phosphi ne) pall adi un&_{( 0) (138 ng, 0.120 mmol ), 2
MNa2CO3Ca (1.8 cnB), EtCH (1.8 co) and ™ol uene (5.0 cnB) was degassed and
then heated at reflex (with bath tenperature of 103 19 August 2005 WO

02/ 066552 PCTI GB02/ 00750 -24- C) under argon for 16 h. The m xture was
allowed to q;&g{,lml then diluted with water (4 cnB) and ether (5 cnB)..
The two phaSes Were separated. The aqueous |ayer was extracted with ether
(3 x 10 cnBR-(4¥BePWPYani c | ayer and the ether extracts were conbined and

dried over ,ygrous $9 lum.sul fate. The solvents were conpletely 5.
renoved to grve—t. product. The residue was purified by colum
chromat ogr.aphy over silica gel using ethyl acetate-light petroleum (0:1 to

1:10) as 2| vemixturk of Ybwandpyfiding (. 2597.69 mbob)s4-bronfviphenybinirend; acid@000g, C,
84.1; H 8.3, N 2 3. CASH53NO3 requires C 84 5. H, 8.3, N, %'lé%; 7"./nm
(thin film 108eemelytatkisirphenyiphesphing) paladipmy®) (623 me, 038 oD, 2 M”11 67

(15,1 11, 000 S04 by o 38 b s BBty 10
(7 H m Ar HeRSffx \(with bath (@hamatuee )3 SGEdeGrdorHor 7 hFTHg)reacion vod alldwed fo -
70.5. 114, 5, SRV eEH(D cpyant ey 1 oo yote sldisp thp mipre, The pug phases werg 4
11,5 M, B e AR A i 0 oy, s S
2- br onopyr i-shdibe cthemaxingets m:es:omﬁm%ﬁ,, vegh@#whbbﬁmw@w@nﬁ) endydried qver 00 g,
anhydrous magnesium sulfate. The solvents were completely removed. The residue was -
purified 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 5
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




19.9 mml ), tetrakis(triphenyl phosphine) palladium(0) (1. mmol ),
2 M Na2CO (a(o (16 cn®?), EtOH (16 cnB) and tol uene (44 crr%d‘\%gllzcsﬁéassed

and heat flux (vvith bath tenperature 106 C) un for 17 1
The react gzt"%ﬁésg"al lowed to' 19 August 2005 WO 02/ 06652@1{5@%@@/ 00750
-25- cool to give an yellow orange m xture. The m xture was diluted with
water (10 cnB) and ether (20 cnB). The&4wo phases were separated. The
aqueous | ayer was extracted with ether (3 x 15 cnB). The organic |ayer and
the et her eS®rumderargoarfer Hoiiheatxtiniwarallowed oep! adliyairdiuted sath watersul f at e.
The sol vents were conpletely renoved to | eave an 5 orange oil. The oil was
purified by(cohand Qﬁhﬂfﬁrﬁﬂ’dg’?@iﬁ@ pbeses weiel sepzanterh The squeguslayey iwas
acetate-1ight petroleum (0:1 to 1:10) as eluent to give 2.86 g (80% of 6
as a pal e yetigod withether 1% PoemiuBhe oap@icdpyer andihd ether xrasls were, PyH & Ar H) ,

7.55 (1 H in,_ ArH), 7.66- 7.85 (2 H m PyH, 7.92 (1 H m AH),
8.17-8.19 (comhbinehanddripd ovenantydrons sadivm Sulfﬁte Thy sflyentiigere pompletely i s sini | ar
. to the reported by M van der Sluis, V. Beverwijk, A 10 Terrnaten, F.

'Bi ckel haéptrempwe%meriaﬁwgofﬁom@eprséw ﬂ@r@ah@mamﬁqﬂd:ymbm 8, 1402-
11407. Exanple 7 2-(3'-Gl-PhiPv 15 2-(3'- "" eth the |ox
hen 1 heny|dhpeaiographyraves wécaﬁgehusmmtbyl@pemthéngbtmeﬁnheum&%ﬁ@ 4118) srelrat er ence
Exampl e 6: (Gl-BX2) 6g455 0.858 nrnol), Y- br onophenyl ) i dine (154
ng, 0.659 rifBive .04 é?é)@( @Wbﬁys%ﬁoﬁﬁ@nmé;s Skl BHiNRA- P%ID 0. 046
mol ), 2 MN&2CXB(a,,) (0.7 cnB), EtGH (0.7 cnB) and tol uene (2.0 an) was
degassed arequitss Cedt. 5t 84, IN 2. 2%3, Mot (thin Blmp8as daf4003MHZ,0EDCY) 0.8% under
argon for 17 h. The mixture was allowed to cool and passed through a plug
of silica del3 (2iHhg, Md)el.32:3.68I(LEH; m, CHy, 1.77-1.:881(2Hyes CED) 1.95cHdfl mnd t he
sol vents were conpletely renoved to | eave an orange oil. The oil was
puri f i ed0 byArOSIHynT.05K# hat, gHASR5-0.28 (1 Hj hj 2y@D)geb6 (g, AtHy7.783d85at e- | i ght
petroleum (0:1 to 1:10) as eluent 19 August 2005 WO 02/ 066552 ,
PCT/ GB0210Q7 BDm;, AGH & PyH), 8.15 (2 H, m, ArH), and 8.76 (1 H, m, PyH); (101 MHz;

CDCL) 111, 14.1, 23.1,23.9,29.1, 30.5, 39.4, 70.5, 114.8, 120.5, 122.2, 124.3, 1273,
| 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 (M. |
15

Example &
2-G3-BrPh)Py
‘2.{3'-Bromophenylpyridine

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"




to give 362 ng (86% of 7 as a colourless oil; (Found: C, gqng-togg 5, N,
. 2.2. CASHNO2 requires C, 84.5; H 8.4, N, 22% Xnm (thin fi 270;
5H(400 MHz; CDC13) 0.90- 1.03 (12 H, in, M), 1.32-1.67 (16 H, in, CH2),
1.79-1. 86w0ad2béessy CH), 3.95 (4 H m ArOCHZ), 7.06 (4P(11;/G3011001MH)
7.23-7.31 (1 PyH), 7.62 (1 H in, AN, 7.68 (4 H 5 m ArH), 775788(6
H m PyH& ArH), 8.05 (1 H m ArH), 233(1H,in, AM, and 8.77 (1 H,
m PyH); 8c(101 MHz; CDClS) 11.5, 14.1; 1, 23.8, 29.1, 30.5, 39.4, 70.5,

iioléo 1419810 g gy ey origae migginy The guixe wisgioted it wider (B0 o ey o
L
‘hydrﬁte (éz %??ﬁa]’ﬁ?%%%ah#b ( §“”‘gﬂ:'§ °t§)“i§’f 987 H]ﬁﬁ‘gfig?dloecnﬁl)
f?’?? eﬁa;i oV Pfo Oerat Wcﬁf’}}%ﬁ?@gce‘frf’@ﬁ%q@n fo"i?fﬂ@a"bﬁ*{ﬁ@rio??hn%s
resul ot R A e B el LB iRl o
ggﬂgc?g? E%c%ﬁgh%gg%l% Wr@gg‘tlpg }Pe{@_{ ouzteéésjg&b?r%wﬁﬁs%? 88“ yel | ow 20
vashed wt ioBberF 00 e PO RS TADTRE e Py Bk 452l L o L 3 o5
6078 6, 70 (J @ T g L ot g b e %&éz(lﬁav&/ ’8%2%52 |
SETBGESZ/ gs&yﬁ) rﬁ‘? FM}‘% gl@ggt?é’e%ﬁ??éﬁfgi’ﬁﬁ anf@/%‘a% 8“%&" e iri d| um
COTT1 or B Traabien F  BiERBE g Kaguh. 47 Ry Pradre Rlaticd P A, 1402-

t enper at ur e: jéﬁo 140 C) for 4.0 days under argon. The reaction was then
allowed to 36 to room temerature to give a brown yell ow precipitate. The
solid was washed with ethanol (10 c¢nB) and dried. The residue was fi T

t' her purified by colum chromatography over silica gel with DCM as el uent

to give 100E§9mfﬁa87()/‘) of j as an orange yellow solid; X ,,(thin

2-(3'-G1-Ph)Py

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 mmol), tetralds(tziﬁlienylphosphine)
- palladium (0) (54 mg, 0.046 mmol), 2 M NaZCOE,(aq) (0.7 cm?), EtOH (0.7 cm’) and
toluene (2.0 cm®) was degassed and heated at reflux (with bath tcmperature of 103 °C)
20 under argon for 17 h. The nnxture 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




£ 10 film/nm248, 297, and 389; SH(200 MHz; CDC13) 6. 65-. 98id Adausk 2005 Ar H

£

and/or PyH), and 7.45-7.93 (11 H, m ArH and/or PyH); mz [APCP] 814 (W

: Exanple 9  12-PhPy1T2-(3'-GL-Pb)P_Yl,Ir 15 2 Phenlridine-bhis - 3'- 3" 5"-di

4" et ht NEOPHPREn i hen 1 hen 1 "dine iridium A nixtur ECHFBHYHor oni ¢
conmpound Reference Exanple 0--. (@ BX2) (196 ng, 0.369 mol), 8 (100 ng,
0.123 mml ), tetrakis(triphenyl phosphim. palladium (0) (10 ng, 0.009
mol ), 2 M Na2CO3(aqg (0.3 cnB), EtCH (0.3 cnB) and toluene (1.0 cnB) was 20

degassed angh fead6Xima86%) dfDeas b vblbirldeabity (Fomme Ca B4R LH,a 5, N)3.2CL, Hp ey, ar gon
for 44 h. The m xture was allowed to cool and purified by col um

chr omat ogr apkiyi-ave 845; IH, Ga, et 2% %man,ﬂn?ﬁtﬂHWﬁhﬁ SYRBEHDI Btz oBIOLyb®em ( 1: 10)
and t hen DCI%?Iight petr ol eum(l:%) as e uent,y to lg(lve T 18 ngsq( 9% of 9

W0 651006550 bR BT BTEs O haTCELE PSR, mtpliop P ) 200

o 867 00 (10FTPRT ORTELmARD Bl Sl PYOL 6o Bk o DT ER R by

5 Exanpl ¢ 16 B3 i SRR, BOT AR A E RS
(490 o 0. 528 Cottomy PHsHI B onthy AL 3, 1L BB b 38 S Tk ) . roo
O under ar pORAap SRR IRl G 24 PP R e T RaTP 0B oo TARL T U 10

d th j LA I Dyl b <l et trol 0:1
£o°1010)  obRLRl Sbadr ot R o, e TS M P T D

- The residue was 15 dissolved in w2 cnB of DCM and M 2 cnB of MeOH was added

and the m xture was cooled. The precipitate was coll ected (about 238 np)

and useqovx,i_‘uﬁ@agﬂﬁlefsur t her
© (2-PhPY)[2-(3'-BrPh)PyLir
- (2-Phenylpyridine)-bis{2-(3-bromophenyl)pyridine] iridium (IIT)

A mixture of the 2-(3‘;bromophenyl)pyridine (367 mg, 1.57 mmol), iridium chloride tri-
hydrate (124 mg,' 0.352 mmol), H,0 (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




purification for the next step. The nother liquid was concgifkeshos0
recycle the wunreacted 5 (about 244 ng). A m xture of the above obtained
iridium conplex, recycled ligand 5 (about 244 20 ny), 2-(4" .4d-Ph)Py 5
(200 ng, g;,g“%ggol) and silver trifluoronethanesul fonaﬁ&,&ﬂ@mﬁg 0.272
mol ) was ated (with bath tenperature of 130-140 C) for 88 h under
argon. The reaction was then allowed to cool to roomtenperature and - 5
cm3 of DCM was added. The brown yel | o7 xt ure was purlfl ed by col umm
chromat ography over silica gel with DCMeth acet ate Betrol eum
(0 330 T o BAAATE) 726 8GR By, o 959 68, G S6iBae R e
referring to Ird 3 3H20 of 1100 as an orange yel |l ow SO|Id - TGA(S% 410
C, (Found: €xHeB&INK). 7.5, N, 2.0. G 3sHI56IrN306 requires C, 76.9; H,
7.5, N -2.09%9; nmdnm (thin filn) 277, and 397; x(200 MHz; CDC13) 0.78-1.03
(36 H m 19 August 2005 WO 02/ 066552 PCT/ GBOZ/ 00750 - 29 Me), 1.15-1.50
(48 H in, CH2), 1.52-1.72 (6 H, an %ZH,QArOCHZ) 6.58 (12
H in, ArH)A mixgge pSthpjridium gorgplgx PziZ-Plgqqylpyaqlme 3§ sug7 4956 myepl)pidi - ArH &
Pyl1);- rn/z [MALDI'} 2105, 2106, 2107, 2108, 2109, 2110, 2111, 2112, 2113
(M) 5 Bx asipier trifluopqspethapesufonaty ¢8ﬂma@0;31mmﬂlwés hepted (bath gmpergturey i 4
2""-eth the 1o hen 1 hen 1 hen 1 'dine iridium A m xture of the

2- (3" -Gl- Ph)-’iﬂ;l%?@@m%daﬁméewyhemmﬂ’ﬁ?@ﬁ%ﬂl%@tPWQ MR e 10 (41
my, 0.115 mmol), H20 (1.0 cnB) and 2-et hox et hanol ) eat ed
(bath . t enpefweTaEe to gine abeweyeunmewclaﬂge geligyay, &%ﬂé @ﬂ*@@%m ed.
The resul tant, m xt ure_was passed throu, silic coI m usJi.ng et hyl
acet at-e- | i gHE') ged fied The residye wagtugtherpyirt Btﬁ‘f E}étﬂ Eﬂrﬁ’@ﬁ s. The-,
filtrate was collect ed@&- 600 cnB) and concentrated to about 50 ¢nB. An
orange yel | gskvad PAMuselieni to gived 06 me (78%) oid} assaosangg yelloy salids ae(itlh.  The
resi due was washed with MeCH (- 10 cnB). The bright yellow solid was
dried. (07 7fibg)jun T48; 208 2ind A89; Wa@0H Mitz; AINCH) 665688 (ig HDAY AnkbandisOBYHR cnB) to
give a yellow solid (125 ng) of inpure iridiumconplex. Meanwhile, the
excess of 2ad37.4537.93 fh) Bym/AibEndtn PyED;tret [APCH] 81deMEDher |iquor. The two
products were used without further purification for the next step. A

m xture of the above obtained iridiumconplex 20 and recycl ed

2- (3 Gl Ph) Py and silver trifluoronethanesul fonate (34 ng, 0,133

Example 9

]Z-PhP}:) [ 2—; 3'-GI1-Ph)Pyl.Ir

ethylhexyloxy)phenyliphenyl}phenylpyridine iridium

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

Ry

mmol), 8 ('100 g, 0.123 mmol), tetrakis(triphenylphosphine) palladinm (0) (10 mg,
0.009 mmal), 2 M Na,COy (0.3 on), EOH (0.3 cm®) and toluene (1.0 o) was
. 20 : degasséd and 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,

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




mmol ) was heated (bath tenperature: 130 C) for 3.5 days un@e‘%?@g 5. The
reaction was - ..then allowed to cool to roomtenperature. e brown

yell ow m xture was purified on silica gel colum with eluent of DCM et hyl
acet at e- I yw@hbpdeedar ol eum (0:1: 10 to 1:1:10) as el uent tpcrgByedd ng (39%
for two steps referring to 1rC1l3. 3H2O of orange yellow solid 25 as 11; TGA
5% 400 C, (Found: C, 76.7; H 7.2, N, 2,1. CL135H156IrN306 requi es C, 76.9;
H 7.5, N 2.0%; ?nrn (thin film 279%%md 390; SH(400 MHz; CD2d,)

3 55 (101 Vi ndh A B 0 Bl et Bl Rosibmechony b+ Bt Bl 10 5

7.62-7.83 (27.H Ar H , 019 August 2005 2/.066552 -
PCT! GB02100F5D, BIGES %@uﬁq?ﬁ%%w-a% i 4 %}é\}glf %,Yﬁbﬁaff%a%éﬁw :
CDC13) 10.8,14.7,23.9,24.6, 29.9, 31.3, 40.2,. 71.35 5, .0, 123. 4,
T2 6, 123, BrHepbnryah T8 TG0y B, dal apior High) apd A 4 g, Afhanter
144.1,145.4,148.2, 160.0, and 167.0; rn/z [MALDI] 2105, 2106, 2107, 2108,
2109, 2110, PZ@ll, 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, 155, 20-Tetra[ 3,5 -di (3",5"-di-tert buty[styryl)phenyl)porphyrin (WO
99/ 21935: 1- - Por rin: First/Second Exanple) (50.0 ng, 21.5 mmol)awas
added to a Eé@ﬂiﬁllﬁg solution of platinum(ll) chloride (11.4 ng, 42.9
nnmol ) in benpz '4t;r'lﬁ 1 cnB8). The solution was heated at reflux under a
stream of nm—m HHe—t 0 t he evol ved hydrogen chloride for 1 h. The

_ h - Sl

sol vent was_I enpyed

~eluting wi t BAEEA R et OT-EtH < S PerEOT et — 1 e—fTactrons were
‘conbi ned an urther. purified by colum chromatography with DCM | i ght
petrol eum ¥*#4) as eluent. The conbined material was recrystallised froma

Dl e T B b O g 8l g A BRI RC 0
81.9; H, 8. &3 i, 02:92%noly, H,OKB!6) dn¥Wand I-884xy2thatdHLY codywasHadted Gats H
tran S). 2 temcplikg)u{regr??.g |°(03 lsnlldgrnig;ggg lfople% gvt;e%org ge%ng( 050.0?6%? The?’r%:?lﬁtgnt 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 fo cool to room temperature and ~ 5 em?® 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; -
7' 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,




(5.30), 413 (5.64), 514 (4.60), and 544 (4.21); SH(400 Mizg 13300k 35
(144 H, s, t- Bu), 7.36-7.43 (40 H m ArH & vinyl H), 8.11 (4 H br s,
ArH), 8.29 (8 H d, J 1.0 Hz, ArH), and 5.97 (8 H, s, b-pyrrolic H; rn/z
[ MALDI ] 2XO8246888F. 25 Exanple 13 @&-Pt Por h rin 51015PCHGR@MHF03 5 -di -
3" 5"-di 3"'" 5'"-di-tert- butylstxryl)styryllnhenyll nornhyrinato platinum
(13) 19 August 2005 WO 021066552 PCTI G2/ 00750 - 31

5,10, 15, 20-Tetra[ 3" ,5 -di (3 ",5"-di (3

", B1Y-di-t -Pi4.y, I I r Ri 35ze 2- Pot h
rin: First/ %@bﬁ?&g%%ﬂ’%@%'?g?@%@ %Pxﬁn?r(gw 3\'/\6/331%%% %o@%’g’ 6Eﬁl uxi ng
sol uti on of (1A Birhndeit)( 6.9) 3dhitorF 6.4 &lz( PYH)3 amdy7.380.92 (30#) th, ArH &VEDRMGr i | e
(1.0 cnB), i ] r r nitrijl .0 cnB). The m xture
was heat ed WB&@%WH@Wglbgﬁégﬁn?&ﬁsﬁgi&j& ?teiég EMFQ}DVE t he evol ved
hydrogen chloride for 2.5 h. The . solvent was renoved and the residue was
purif ied by columm .chromatography with DCMIight petroleum (1:4) as

el uent t& gé&ﬂﬂk.lg my (71 % . of 13 as an orange solid;: SH(200 Mz,
CDC13) 1. 3. ﬁ;‘g@é'@l@' ng;]rrBu), 7.18-7.65 (120 H, m vinyl H & ArH), 8.23
(4 H s, ArfS—8" s, Ari), and 9.05 (8 H, s, b-pyrrolic H. 1Q
Devi ce Fabr Facaﬁik;gml,@g".mwe@‘"aahgfm%@mehﬂ%hfﬂm%ﬂm@@é@t t er ned
indiumtin gxide (I TO substrates were cleaned wth acetone and 2-propanol
in an ultradlind bath. A hole injecting layer of PEDOT (Bayer) was then
Spi n coat ed"ﬁ L a3k C b . . 1 te and
dried at 8.% Con a o%%%%%%?@ﬁ%gf%g@%ﬁﬁ%g%ﬂ%g u ?%&nrétgwere
subsequdfit | {#1 sxg, A-1¢ D atned), 8O (1.0 ha*)REDOEhaxy etharel (3pasy svagheBbathm to gi ve

films typically 100 urn i.ck, and | um ni ym cat ho was then evapor at €d
g: vi ng yglav’ie’&lgg’awef I%E%'&ﬁ%“ﬁ?’l%é‘g"&fafg ; :fo‘!Bg?\‘i’inS§°‘BE‘gteIi1’ﬁ§?SSWé§1tper¥oPned in
vacuum usi ﬂﬂiﬁm@f)ﬁh%ﬁﬁgﬁ&ﬁﬁm%ﬁmﬂ%ﬁg@ﬁ?ﬁ &etafm@g@ém?ﬁ?(. Il as a

Hew et't Packard pul se 20 generator (rise tinme < 10.ns) pul se
oper at i on. WHelOROCH] and theh MeQi avesliets ThelEitiabs wag collénted (680 camdanded f or

charging the LE s_.estiqmated to be in the,order oé 100 ns.and., driving
condi ti ons SRBF Béﬁ%@%ﬂ’“g{%“p‘%‘brggf’m‘? Y@Fﬁaﬂ Sé’ﬁ-fl PLCE 8’&‘??’%5 ‘ng‘?‘geqwj@és ur ed
' 15 filtration. The residue was washed with MeOH (~ 10 cn#®). 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),




using an | SA. Spectrum One CCD spectrometer. PL and PL ex@ A@fsPfodsPLE)
" spectra were obtained on an | SA Fluoromax fluorinmeter. Al em ssion
spectra were corrected for 25 the instrument response. As a crosscheck, PL
spectra weye/@bss® recorded on the CCD and found to be peeotimatsot o t hose
obt ai ned on the fluorineter: Exanple 14, Device Results for Gl-Pt-porphyrin
12 19 August 2005- WD 021066552 PCTI GB02/ 00750 -32 Filnms and LED devi ces
were made using 12 bl ended with ei t her¥endri xner A or dendriner B (fig

9). Fihns of 121 host blends were formed by spin-coating THE solutions of
the two dertil® GoHem(ADhgit }5 CriLan iy a1 MHzr(@RCL): B 0ads 259, 26,1

was observeliirs Hhesd Lot i £d2 iR E NS B o 2888 B A3 Tound o
be a sum of 134w 132NBINe MBS, 1748, 1451418490, 16090, RAETEIN; HAPRAAEDIIZI0DE Of
conpar abl e uallt¥ filns repared of the individual materials The

to p
synt hesi s 4106, 2197488, 2R |18, Hifl 2 A 18Xl e 7 taken together with
Referencg 10 Exanples 7A to 7C.and 8. . Dendrimer B was obtained as
follows:"1,3;5 Trds[ (4" -fornyl styryl)phenyljbenzene' 15 A m xture of
4-vi nyl benZestaepted? (1.95 g, 14.7 mmol ), N, N-di nmet hyl acetam de (40 ni),
1,3,5-tris(4' -brompphenyl)benzene (2.00 g, 3.68 mmol ), trans-di(ii-aceto)-
bi s[ o- (di - d=-BPoEplEEL| n0) benzyl ] dipal | adium (1) (10 ng, 11 mol),

= [

2,6-di-tertg ﬂ#en@%ﬁ@hmgﬁmat e (1.56
g, 14.7 a cuatlron and purging with

argon over (B mn. TIE) m xture was then stirred at 130 C for 50.5 h. Water

Separ at ke B GRS s o Bl e i (R 2 st 'S,
100 m). T@%;rﬁgﬂs&a@bﬁmﬁ 58.0 E 28 SURSHE Fra¥hdded @l fifiukiheX 500 ni)

and brine , dried over .anhydrous sodium25 sulfate, filtered and

t he sol ventsobwinpbEpletinum hwhlsdide 6l 1. 4mgetsd yandlonborzonitils 6l Fa)-The i turati on
N R e e T
powder, np chloride for 1 k. The solvent was removed under vacuum, Column chromatography over
15 silica, eluting with DCM-light petrolenm (1:3) was performed. Impure fractions were
| 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 Example 13
' 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)




163 C. Anal. Calcd for C51H36C3: C, 87.9; H 5.2. Found: Gg Afuéi20ds 5 4.
vm (KBr)/cm 19 August 2005- WD 02/ 066552 PCT/ GB02/ 00750 - 33- Ig690 (CO and
962 (C=C-H trans). A .(CHC12)/nm 358 (log s/dnmBnol''cm 5.10). Sn(500
MHz, CDC3if)ozfoseskzand 7.35 (6 H, d, J= 16.5 Hz, vinylic MT/GH28W506 H,

1/2AA' BB, cp H), 7.77 (6 H 1/2AA BB, op H), 7.71 (6 H, 1/2AA BB, Op H),
7.86 (3 H s, cep H, 7.91 (6 H 1/ 2AA BB, cp H and 10.0 (3 H s, CHO;
mz (Cl) 697.0 5 (MS*, 100%. [G3]3B9 Pot assiumtert-butoxide (171 ny,

1.52 mmol ) t Qs b Wit b-on, QF .. <t g lrpﬁ%,yi% henyl ]
benzene (513@3@26’%‘1‘%@@@,’E%Fgﬁéérgk%%lwﬁm%{ : mmol) in
dry tet_rahyﬁy/aigssa%m@m{j: FiegothFlxatpfd) €9.0 difel 0sDinttiolowas\wddedrteat ed 10 at
reflux for 18 h and then allowed to cool. Water (50 nl) and_cl! céhl or onet hane

(50 nL) werefusidg selutienioftiatingmg A chlorids /@1 -3 &8 80-4 dupel) e O ayer was

‘extracted wt i.chl o [ ahgi'xﬂﬁ ke sadded to
t he aqueouscIPﬁyzélgvgag#%’gr@{hr@ﬁ%ﬁé%fﬂpggm%&aje& |ch?gv'rég]rlret hz%\gcﬁ( 50 m).
The conbisneghder §ardatn dR3YiEsgen Mefemona tHeedolved Hydrdgen nidoi&Ofon.p h. Thé ed over
anhydrous sodiumsulfate, fjltered, and i:he solvent renpved, 15 The residue
was puri fi etplyspt s WWVE%%B?E?Q@E%WW@F‘?EY polpn chropAfpatgphy With T o ¢ ¢
chr omat ogr agph£1: L4l Gl r (A% PrLy Rl 8vRngk ¥tk e (2: 3)
as el uent aﬁwyﬁlg:%nta#%ﬁgr(gg I on %@%%ﬂéeg an%j the sol ve% renoved. The

resi due wasSf(R00MEEz, D) 188 (2883, sgr-Bui7.¢ 8766 ¢Had Bamevinyldh&ptdDod 2him

m xture (3:4%o0 2: ' ent .10. qi.V 349 . «R0% . Further ,
purificati o@aﬁ;ﬁ,@&@égﬁé’ﬁxﬁﬁﬁﬂﬂﬁoﬂﬁ(g%@rﬁﬁ%ﬁﬁﬁt hane/ met hanol m xture
20 gave 1@ yellow oil which was then triturated with methanol to give a .

powder, np deconp 281 C., Anal. Caled for C600H690: C, 91.2; H, 8.8. :
Found: C, O9Devige Fgbrécationy" (KBr)/cni' 958 (C=C-H trans).. CH2Cl12)/nm 323

| ogs/ dnBrmo) ='.cn - 6. 06) ., 377 . 46 : : 0 Mz,
(CD(C):?:S%) 1. 4?#5’359‘.’?{".&'%‘3"4“@@5@?3 °11é‘;’”$“ie§l%a%f§g‘?’§%’ﬂf}{‘ﬁ%§ﬁﬁm%%@| nyl H G2
e T, e e . 9. b tand G2 b H
=1.5, s . 7.62-17. 4, cp_ H 6- , an
and. 7..90P(‘3inj¢,ctisg lagespfRED @ayer&m%hfn msﬁ’afg\ﬁ{m&@@g/?f ?P%@PEP ‘_’35%2. 1.

foe QoS 5P! O PG iRl ah8 8Pk 20208 ot arB sk S'iindEed. DAk N Fi g 10.

; ugust
solutions were subsequently spin-coated onto the PEDOT layer at speeds of 800 rpm to
give films typically 160 nm thlck, and an aluminium cathode was then evaporaied giving
- devices with dctive areas of 2 mm? Device tésﬁgg was performed in vacuum usinga
. Keithley source measure unit fdr_ de opération as f-rell as a Hewlett Packard pulse
20 generator (rise time < 10 ns) for pulsed dpération. The RC value of the devices, defining

. the time required for charging the LED, was estimated to be in the order of 100 ns and _

driving conditions were gihqsgﬁ app.ropr__iateiy. The emission spectra were méasured

usiﬁg an ISA Speétrﬁm 0ﬁ§ CCD -spégtrdméter.. PL énd PL excitation (PLE) spectra

were obtained on an ISA Fluorc;zénéi ﬂuorimeter. Ali emission spectra were corrected for
25 the instrument re;sponse. As a crosscheck, PL spectra were also recorded on ﬂ_1¢ CCDand '

found to be identical to those obtained on the fluorimeter.

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




WO 02/ 066552 PCTI GB02/ 00750 -34 the stilbene noieties are {fguffhsi o8I Ve

rise to an absorption peak at 320 nm In A the core gives rise to an

addi ti onal absorption at 420 nm whilst in B the core gives rise to an

- absorpti eyo@os@&Ed nm and for 12 absorption bands are obREWGBIR/IETS0420 nn:
‘514 nm and 544 nm corresponding to the Soret and Q -bands. of the

Gl- Pt - porphyrin 12. 5 Figure 11 shows Bl5_and EL spectra of blends of the

mat eri al s under conti nuous excitation. pon optical excitation, the

em ssi on of _.A - t : EARinlR A oM ssion of B
is in the bf@?%%ﬁ%g%ggﬁggg%&%gﬁﬁib%éﬁg%h Ieié&rﬁs t he gueost dendri ner
12 enits identhRerBdfig 0). ks dfiR2inbh biradkweretforifed byspinrdaté@7THEN  The

em ssion of the host 10 dendriners A d Bis aitr&}tg%ied to.f gidrescence,

wher eas t hesobions pifhe fvo fendrimesdd 0 mg/ml) i w{w{ale af hogito gse orf(}b
Phosphor es CefionfRk 1 %ﬁbﬁ:*}aid%fiagﬂxgmﬁelﬁﬂ . N6 phhs8 RephraiBR waPSbsclled

em ssion i s nu ger than th uest em Ssion.” The nost surprising
resul t ikl usith theeckpimcdritgl filens bd theirabemptiongasdodrfdde bne eupeftheen EL spectra

15 of the blend B : _12 conpared to the PL spegtra. I.n contrast to the PL,
in EL the Wﬂ%-é’#éﬁmf Qg%g&?ngﬁfé’ﬁe@?‘*%ﬁ@é’&?‘ﬁ%a@%%u b'sff’%@ﬁf ssion in
the B : 12%&9&0Mm§m§dﬂm&gﬂsbl end there is also an increase in the

guest to h emssion In the EL relative to the PL, although the increase
is less marked than in the case of the B: 12 blend. The differences

i ohai | ecie SRR PRSI RoR arteretiy | SETRRRRE N AER %0 TS
- shift iqgt hexagipest7abe mMag.on conpared with the PL em ssion. The devices

can be driven continuously or by pulse driving. It was also found that
there is_a dependence ofthe em ssion spectrumonthe driving, conditions and

the duty cycle.. 25 i.ce results for.Ir dendriner
[2-(4'-Gl- ﬁﬁ@ﬁf%%%%@%gggﬁyﬁt ai ning the novel Ir dendrinmer 1Q were

fabricated using the standard nethod described above. Devices were nade

with a neat Ir dendriner |ayer anc1 with a layer containing the Ir
dendr i arer H@MW?W%F%E}WEY&WWHH ner B and PBD (244 19 August
2005- Wp,02/ 066552 PCT/ GB02100750 35 ,

bi phenyl'yl)-5-(4-tert-butyl phenyl)-1, 3, 4- oxadi azol-e))‘[. The structures of
the two types ofA mixture of 4-vinylbenzaldehyde (1.95 g, 14.7 mmol), .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




device were: ITO | PEDOT 110 (140nm) | AL 1 TO | PEDOT / derwsiudirf2dds. 10:
PBD I Al 5 where in the blend the ratio of dendriner B:10: PBDis 1 : 0.1 :
0.4 by weight, and two devices were fornmed one with a bl ended | ayer

t hi cknesswofezid@B2am and the other with a bl ended | ayer 280rmBvdorsnk. . 4a
The em ssion spectra of the neat - materials as well as the blends are shown
in Fig. 12..The 10 iridi um dendri nmer (l%'f exhibits broad EL in the green
(peak at 535 nmwith features at 577 nmiand 623 nn). The benzene cored

dendrinmer ( emts.in_ the bl (peak at_460 nm_. In | ends both the host
and the. gues t6EHC-0Y B DL (5 b k(R IDNERFP 0B Semimpgr 51100
super posi ti e nd i _h | cker.. devij he em ssi on
band of thegﬁ%@ﬁ%%ﬁﬁgﬁl%ﬂ‘?ﬁqgﬁ‘é—eﬁ# _"é‘_‘l{l’gqﬁr Z}ﬁﬁqéant
unst r uct ur eq/2eni> s p IEY 9M(E Ne/DRRBHS of 1S, A7 (6'H, QVM’@B"L\CALE!MBV.BG kst
significantiy, a new em ssion band i s observed at.660 nm ich fornms the
eni ssi on maks seap i), 58h€ .4\ BRI op Hheand 108) (33T, si GioMinat €Ty 6%7.8i bl e in
neat 10 eé\idﬁesm ;l/'l}e bl end EL spectra appeared white whereas PL spectra
g

of filns r *’Thi s suggests 20 that the broad feature forned in EL
at 660 nm bgGaptBd®: to an exciplex but rawer due to aninternol ecul ar

charge transfer péadsfmh-8rPRfbARIWEEMPOI524RMYURRaddA Bla BRMioAAPENCRNCE

of the em ssion spectrumon the driving conditions i s observed, indicating

that the enTss{(Brformadsigiybpbenpiibanaane (Phdoiehn 0.0 sueal), Raferents aompickh(7s9

EoTRonSt S inky 030 B ot iR ) Rl R RSB Rl
Figure 18. dhehspRels tandihed dlowed t6 bl MWhder Wd@ﬂﬂﬂ&%xﬁéthﬁes(sﬂﬁﬁa

vi bronic structure. The em ssjion peaks at 518 nm whereas the em ssion ‘fo"f
10 peaks atWergaddesd smd the sreanig;lnyes feparatedt The agreows iypvasTggrastelowith gust

Cai | om ssi o iopr i (EE Bl sadotind) FiUld BB agh s BFperdbI° Lo
that cont aifnabgxttaktiofwithdichlofomethaay (S0enl)e T ¢antfimed ofganitlayecpdry washed 13)
| _ with brine (50 mL), dried over anhydrous sodium sulfate, filtered, and the solvent removed.
15 The residue was purified by column chromatography over silica in two steps. The first
chromatographic step used a dichloromethane/light petroleum mixture (2:3) as eluent and
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). SH(4OO 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 (87 H, cp H, G-1bp H, G-2 bp Hand G-3 bp H) and 7.90 (3 H, 5, cep 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}.}_




5 Single layer devices of neat (-Pt-porphyrin dendrimer ({fb3Augtf 2005 -
.fabricated (PEDOT/13/Al). In Figure 14, the EL spectrumof 13 is conpared
to the PL spectrum of the Gl-Pt-porphyrin dendrimer (12). As has

pr evi ous|wolesssghser ved in both free base andpl at i numBSaFERIR007T30
dendriners, the EL spectraexhibit a stronger weighting ofthe |ower 10
energy em ssion peak. Exa- 1 8 This exagple of a red emitting Ir dendrimer
is illustrated in Figure 15, and reference nunbers apply accordingly. 15

(Glppy) 2bt p DL chl 5 ' of
Glppy Ir di %éé%%%i&m%f%ﬁbngnﬁgﬁ §),m%%%xﬁ@%a[1%%? ﬁ‘%@g%’%ﬁ@Aﬁ%ﬁqu ne
(10) (1.44 gives.r®3 tordnl additioshl abdoystton dt RO InwgrwiiBt moB ekeitgd ghak @isé 8 anD,
0.31 mmol) and the sglution stirred at -room 20 terriperature for 5 mn

andt he sol vehiorptinnsatd{dnmg ap sorplien bangds are ghsered gy REf gwaed 5S¢ The
m xt ure was | e o : all oned to cool.
The .resi d&éﬂ&g&é‘ g%“lﬁ] ig %%&gt%%ﬁégﬁ%@ﬁ%{a%r%% g/l%g el?rig‘l lica with

di chhororfet hane - light petroleum (1:2 to 2:3) as eluent to give

(020 UL k0 Bt S ARG i S20000,
I n, OCH2 . : i ti
. iz (RO By ekt tho BndgoRbl K ks o dibnlpols kDS hn, heshiaiml | ¢

i ri di um conphissionrodBjisindbk bliaad gedks atdF6um, 2ukin botpblends tha guest derdhiyRy 1 (200

my, 0..313 méF) .apd silver itrifluoronethanesu at 70 l.u st
2005 WO -02?%%%5%“' @r*°c%6‘z‘?oﬂ‘?§8%5‘§?t%é}2%aﬁ¢‘rﬁ?% E4YE n(‘ijfﬁlﬂ#f‘%gt h
- tenper atjy ed&ifdrih?s A48d B is baibuBA b Aufdeiensd, $Rread he emisSRAlF €ie 1ehen
~allowed to cool to roomtenperature and - 5 cmB8 of DCM was added. The

brown yel | obelieivad tertee duado phosplioraseerisg. Foo botirthe Ar:d2wnd Bridahjends e hosi Fle 5 gel

with DCM et hyl. acet at.e-| 1| g ol 0;1:10'to 1:1:10) as eluent to

gi ve 200 mj3 w/gflso?u?%mgg%t&aagﬁ%%ﬂgtﬁﬂ%néisflg&lrClSSHZO) of 10 as an orange
yel l ow solid; TGA(5% 410 C, (Found: C, 76.8; H, 7.5, N, 2.0.

Cl 35H 56hN3Q6 requires, C, 76.9; H, . 7.5 N, .2.09; /am (Gtggl n fi 277, and
397; n(200 Whgmo ing repyt ijlugeatedigligure lw?%ﬂ%.‘{l@e!@ etwaeR L SRecti ) |
1.52- {5 of the blend B : 12 compared fo the PL specira. 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 differences
between the EL and PL spectra are due to éharge {rapping 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 or 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 tkndrimer [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-




1.72 (6 H, m CH), 3.65 (12 HL m ArOCH2), 6.58 (12 H, m st2098. (3 H,
t, J6.4'"Hz, PyH), and 7.32-7.92 (39 H m ArH & PyH); niz LMALDI]

2105, 2106, 2107, 2108, 2109, 10 2110, 2111,2112,2113 (M). Exanple 19 Exanple
19 and 20wolograstssyg to the formati on of a Re dendrinmer, ac®cGBbi/agsor ated in
Figure 16. 15 Gl-Phew, 31 3 5- 4'- 2"nEth the to hen 1 lien |

henant hroline 20 Method .1 A. m xture og t he Reference Exanple 6 conpound
Gl- BX, (496 ny, 0.944 rrm)l) br onophen Mt hr ol i ne (221 ng, 0.858 mml ), 2 M

10-mi . untie PEAFBEHD @ PRIS R A B ha e sBuratef 1) Jpsooimy,

0. 028 mmol ) gu@se added to the reaction m xture and then heated at 25 refl ux
under argon for 22 It. The reaction vas allowed to cool to roomtenperature
and diluted withI%@a¢ BEDQOTY 18¢®0nad At her (20 cnB). The two |ayers were

separated. _ The X d wwth ether (3 X 20 cm. The
organi c | ayer an&TﬁﬂgEQpﬁe/rda&gﬂ?ﬁgﬁﬁjonbl ned and washed with water
(1 X 40 5nheredn iterblendahe A0 b dNESimerBY MESPBDS Ul: DAt:0 Ahweibk, sl vent s
were renoved. .Silica gel columm chromatography 19 August 2005 WD 021066552

PCT/ GB02100#8aces3zere §rmgd npowitsarilendsd daysr ﬂuqkme&g of ¢54nm and the glhepwithigy (409

~of 31 as a mjcm (KBr) 1607, 1590, and 1512; 2,
(CH2C 2)/nm8%égéﬁrl%§e§%8@hlnthxn¥ 75850); Sa (200 MHz; CDC13) 0.89-0.99 (12 H,

mMe)126§L59(16HmCH2)171180(2Hin CH), 3.90 (4H, in,
ArOCH2); 7.0 in, 7.57-7. 70 ArH & Phen 5 (1 H
s, PheZ]H) ?hwn@&wwqum 9%3 geatpategialsyps g’@ﬂ QSzﬂiemi’lcPfis g shoyingn lg&z%aal (
Phen 4 9. 24 1
a1 idiggh dbhacier ey 6 m%%a% ool i o dh kiHlugoR 7). 24 €
30.5, 39. 4, nmhGné 623_m) Q:hebz:meﬁf; coré®@endrimeOP) anutaﬁnthablu&asalsat 4.69&11‘9 In129. 7

1323 330 Pt R Ak A b e sy st ot s o
superposmon 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

R
e

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




15 A mixture of the first generation borolane (349 ng, 0.5 Aages)2005
bromophenanthroline (221 ng, 0.855 mmole), 2 M Na2C33(.0 (4 cnB), EtOH (4
cnB) and toluene (16 .cnB) was degassed for 15 m n under argon.

Tet r aki sWQ 924066f8hy| phosphi ne) pal | adi um (0) (21 ny, O.ORQT’FFR&")M%S t hen
added to the reaction m xture before being heated at reflux under argon
for 22 h. The m xture was allowed to cggl and diluted with water (20 cnB)
and ether (20 cm1l). The organic |ayer and the extracts were conbi ned,

washed wi t houabSficdntRociRin thR e 16 &Sy 67112 ThY dvidesonmiging 6F L0wswhdrat e.  The

solvents were ermvedcunder vacuum .20 Purification on silica gel colum
usi ng MeOH-effitiprit tioehaiventgifing ¥lo 1: 9) as el uent gave 333 Ing (88% of 31
as a colourless oil. Exanple 20 25 Gl-Phen Re 32 Tricarbon [-chloro.3 5-
4'- 2"-eth |h to hen 1 hen 1 henanthroline rhenium 19 August 2005- WD

02/ 066552 RellGRO27 A(RE restdts Aol G Rryrh €1 Phenant hrol i ne | i gand 31 (126
ng, 0.190 mmol )" and pent acar bonyl chloro rhenium (681 ng, 0.190 mmol) in 10

cnB of t6luene was heated at reflux for 1.5 h. The mxture becane yell ow

t hen orange,. The, reacti.on s_all t | i Tpyess e and
the sol ventSiEe P&%@E‘&"ﬁn& ri kd@%%g' Pe%@%?‘e.&egﬁrl %I gg%)i g;re\ on sl?clta%éga gel 5
col um usi ngrBid1/iakm. wggmeqmsmpm 6B18ds ¢émpayed tihe PhspRBumeia

bright yellow powder; vmlem| (KBr) 2021, 1916, 893;#‘50 nd[') 6g.5; H,
5.5: N, 2. ghe Ggpephprisdendrimss (12)-45 kos pryignslypees ohseryg ‘%.%?&F‘;“ Frm

I kR R e el

5"-t et r 3petdnedgy bimisdionpéakdi oxaborol an-2"- 1 hen | 'dice Tert-butyl lithium
(1.7 M- 36.6 cnB, 62.1 mmol) was added to a cold (dry-ice/acetone bath)
solution of 6 (8.10 g, 34.6 mnol) 'in 130 cnB of anhydrous THE under an

argon at mospher g, 1
This example of & red emitting Ir dendrimer is illustrated in Figure 15, and reference
numbers apply accordingly.

15 (Glppy):biplr(ID (111)

' 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,




The mixture was stirred at -78 C for 2 h and then 2 i sopromoXyguét 2005 S
tetranethyl -1, 3, 2- di oxaborol ane (9 cnB} was added rapidly to the cold

m xture. The reaction was stirred at -78 20 Cfor 2 h and the

dry-i ce/ avewvmssBat h was removed. The mixture was then BETGBEHINEH r oom
tenperature for further 20 h before being quenched with H2O (30 cnm). The
two | ayers were separated. The aqueouszi.ayer was extracted with ether (3 x
40 cnB)*. The organi c layer and the ether extracts were conbi ned and dried

over anhydraq% VisHebiea t@itobih fchPemfly 81138140 RC e 08 Bhadee bigon TmRved. 25
* The aqueous ayer was washed W th HCO3(, ) (1 x 40 cnﬁ) and extracted

‘Wi th ether te:acuonmﬂma}lomdtgm@taroomgemperme §9‘lﬂ| f 1 é’fﬂsb‘@eﬁglhﬂrl ed
and renoval , of so vents Puri f.Lcati of the

chr omat ogr aBWnd’\‘? PW THKuEe Was pj ""ﬁﬂ' %ﬁﬂ 1f‘éaz%ﬁ¥ﬁ¥DE§)[ 30) as
el uent gaveedh %%ueie%ﬁl(aa l@tWHlQ)ﬁéﬂlﬂeﬂtto@ﬁ@ﬂﬂdmg@Q%fc&tv@mg@t 2005
WO 02/ 066552 CTI GB

750 -40 72. N, 5.0. C17H20BNO2 r6eqU|res
C, 72.6; 5H, refelﬁngNIr@b BEH0) @mmmeymwid TGA 5 410 °C; (Found: C, 7

LI e B o A B N0t BRGR ARB,

0'0 5 137 G S TR e ang 1o S i ARG T ) :
an e
o Py, 24736, my SO ShiS St skl it SP e Kb ”fx)ture
f 23 .(5. 15 o
'?etrakl(s(tr g@e &%2%&%’){ a%%ﬁ(??%%ﬂ?ﬁﬂ@dﬁﬂ@éi% ﬁbizm&tﬁlbg

M\a2CO3ti¢ (1R0c28B01, ZIELQH';!((M*)CH}) and tol uene (48 cnB) was degassed and.”
then heated at reflux (with bath tenperature of 105-110 C) under argon for
19.5 h. The mxture was allowed to cool. Water (10 cnB) and ether (20 cnB)
wer e added 19 xture. The two phases were separated. The 15 aqueous

| ayer was ei%gra%gt_d with ether (3 x 20 cnB). The organic | ayer andthe ether
extracts were combined and dried over anhydrous sodium sul fate. The

iglr\dﬁgt zg\rN: K Cﬂggéa%cﬁoy{?a&ﬂ%nf\éﬁdqoﬂﬁaq’g’#ﬁﬁkgace bf%rgﬁ ﬁu%%eﬁ/og&]ﬁm (0:1 to

1: 20) agseluent to give 4.70 g (66% of 2-4 as. a white solid; (Found: C

52.6; H 2.5, N, 3.6. G7H 1Br2N requires C, 52.5; H 2.9, N 3.6%,; 8x(400
Gl1-Phen, 31

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

20 Method1 -
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 |




20 MHz; CDC13) 7.29 (1 H m PyH), 7.57 (2 H m ArH), %QA#JQQ r ,
7.7 (2 H M AH, 7.79 (2 H m PyH, 7.99 (1 H m A E) | ,
ArH), and 8.74 (1 H, in, PyH) 8c(101 MHz;

CDC13) 120w, 028&s5%, 123. 2, 125. 7, 126. 9, 127. 6, 129. 1, 129. 4, FPET/GRO2DEBHI,

138. 9, 140. 2, 144. 6, 149. 8, and 156 8 rﬂz [EI] 386 388, 390 (MH). 25

Exanpl e 23 2 3'-& Ph P. 25 3" % ' - et hyl hexvl oxv) nhenyl
henyl | nhenyl ) phen 19 August 2005 V\D 02/' 6552 -41 PCTI GB02/ 00750 A m xture

ol ) 2- | oS ISR 01 | IRCHG Ly (T et § ool

tetrakis(tr ¥ NER0 | O, 34 798, eﬂnﬂﬁlﬁlﬁ@"?SSS 3
MNa2COB( 4 '\éﬁag@ﬂnéﬁhﬂsmv :ﬁ Pﬂdl@@gqgmﬁx«g%ol%ene 1(0 cnB) _was ?ssﬂed and

t hen heat ed(IHIOMEfZJQRC(s)I@B Eﬁ(ﬂﬁmdﬁ@ela@ﬂﬁé(lﬁ 1 oCld), hﬁ&érsoégge)%for 69

et her (10" o5, SRLEE m BOCBL R R HOR Aty 137 i B WGl 4 BBl 80

extract eds Wi 1, &tpnesHy, 3.8% (llﬁ,t?Uﬁ)GHﬂ;b!& mr(im ddy.E8.1 Sntl. 7tI-hePﬁ¢IﬂEr8 é3<t racts
‘were nbined, washed with brine (1 x 3 i drie n}g)hNg g?ﬁl)ﬂ’\ggj E‘]ezp
sol vent s m(b&%ﬂ%&lémﬁxﬁﬂ%ﬂQ%ﬂ{M §HniPhe 2 b8M% i ed by

col um chro (g i t t-@t

petrol eum (g.ﬁﬁgb &éd\?ﬁg’n%ﬁ?weﬁab%l\/ﬂ ’t%pggtg?gf %%3}?278681&49@22)9 as
eluent to gnzﬁgﬁmﬁ 924.3.3026.501285 1a97a1m t184.7 pE36.0,(1BBON839.T;, 1488,186.44, 8. 7,
N, 1.1.., C85HE®INM requires C, 85.0; %,,/nm(thlnflln')
271: 51( 400 14#8:150dpEads. 1(5060@%21/{%@1}%9!"\'@%“&1@)33 1.60 (32 H m
CH2),1.731.88 (4 H m CH), 3.94 (8 H m ArCCH2), 8.05 (8 H, in, ArH),
7.23-7.32 (1 H, in, PyH), 7.624.73 (9 H, in, AtH), 15 7.77-7.90 (9 H m
PyH & ArH), M2 23 H, m Ari), 8.07 (1 H, in, ArH),-8.38(1 H m AA),
and 8.76 (1 H m PyH); 8c(101 Mz; '

ChCl 3)11.1,14.1,23.1,23.9,29.1,30.5,39.4, 70.5, 114.9, 120.8, 122.3,

124. 4, 124. Kmﬁgﬁe gﬁthelﬁl@t %nﬂ@&%mlﬂ&QB@m%3&74nm61¥,$rdinoﬁh'éﬁat&hmhﬂéi(@28
140.1, 141.6, 1 1, , 142

1 . ! 7.3, an oﬁl‘zég :

[VALD1] 126, m:_m mxmbB 2 MO WAL, (), BEOEE e azdi tolgen b?’%h P
'r. 2.7 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 silica gel column using MeOH-ethyl acetate (0:1 to 1 :9) as eluent gave 333

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

Example 20

25 Gl-PhenRe,32




Fac t r i s 2- 31- 3" 5"-di 3 5 .thvlh hence hen ri d|r4s19,Augg,@thgo5_
henvl) hen | 'dine iridium (IMA mxture of 25 (2.97 g, 2.47 mol), iridium
chloride trihydrate (174 ng, 0.50 nmol), 25 H20 (4 cnB) and

2- et hoxyetdnammbss¢ 13 cnB) was heated (bath tenperature: BROWGB)2W#H%er ar gon
for 60 h before being cooled. The precipitate was filtered off purified by
a silica gel colum using DCM|ight pesgoleum (1:30 to 1:10) gave a yel |l ow
solid (900 ng) as the 19 August 2005 WD 02/ 066552 PCTI GBO2100750 -42

chi or orbr) d@g@m@aﬁh GRG0 Hd 30PEhe, 0,190 mkilf) dofl Geitacartonylobloro
1.32-1-63 (1 1741881 CH), 3.93(32 H,

m Ar OCH2) axwmm(sal/xngg)o 19oenzgel)em1¢+cm| nt‘to Pgwasrh@e@d@é il ford S Hfbe 7 16
(4 H AH, 32 H _in 4 r &b 18 (4
H m PyH), {"?fi’{“& yglo, "H)%“ées z%egﬁ%ﬁ%‘% i @ o g 14, 6"332

24.3, 29.5 é;‘ tul%%n&heE&LintlﬁaEr@ndvk@uﬂdei:?sﬁude présguré, PeAfi@tion on silica gel

125. 5, 128. 8 13% 6, 133.8,134.9,137.0, 142. 5,142, 8, 1@ %P b

1435 1455ommm@lzi-hghwgﬂ%euﬂaﬁﬁelwﬁ ggve 1 weg[(pifehp] 3% brighk gellow 5 g 5

C170H2001 r N2 l ; Re of 25
\(Nas recycl ed® % r@‘éﬂ“’é‘}m &8%?%412 SZ%FQ]@%r% gter p%@l\bq\tgs ¢ ggﬁﬁsme
chr omat ogr apkyuiRy €l 66i6; FL.C4; 36 12.996) R, /emi(ihin ﬁhétﬂﬁﬂWlW] 93ﬁ @ik 1:30 to

1:10) as eluent. A mxture of the above obtained iridiumconplex (900 ng),
t he recycled 25 (1.96 g) and silver trifluoronethanesul fonate (300 ng) was
heat ed (batii‘3 ?&rﬁtﬂe 145 C) for a 15 week under argon. The reaction
was t hen to roomtenperature. The brown yellow m xture was
di ssol ve;bl n 50 cnB of DCM and then concentrat ed to about 10 cnB before "

being purified an S|I|ca, el uent of DCM Iight petrol eum
(1:20) as elldesixamplegiapet 95}@%%%55??@& ofor two steps referring to 1rCl13

3H20) of 2,7 as ayellow solid; TGA() 400 C, (Found: C, 80.7; H 8.0,
N, 1. 1. C255H 1N3OL1l2 requires :
o Example 21

PPh-BOR, : -
15  2-[3'-(4".4".5" 5" tetramethyl-1".3",2"-dioxaborolan-2"-yl)phenyl]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
N 20 | °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

A, -
-

- were completely removed.

25 * The aqueous layer was washed with NaHCOjy ., (1 x 40 cm *) and extracted with ether 2
x 40 cm?®) to give 4.0 g of yellow solid after being dried and removal of §olvcnts.
) Purification of these crude mixture by column chromatography over silica gel using DCM-
light petroleum (0:1 to 1:30) as eluent gave 4.92 g (50%)of23 asa vs%hite solid; (Found: C, '




20 C, 80.8; H, 8.0, N 1.19%; X, ,,nm(thin film 271, 340 {gklqusests390;
8n(400 MHz; CD2Cl2) 0.82-1.02 (72 H, in, M), 1.284.61(96 H, in,
CH2),1.70-1.84(12 H, m CH), 3.91(24 H m ArOCH2), 6.97-7.12 (30 H, ArH &
PyH), 7.2%06B0cksszm ArH), 7.43 (3 H in, Pyl), 7.72 (2RCHFBIyOOP0H), 7.78
(3 H in, PyH, 7.82 (6 H, in, AsH, 7.93 (12 H, 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 2085 WD 02/ 066552 - 43

PCTI GB02/ 00750 o d O O NA AC mAav. M- u tt~n-D<t'dMcri N ea_ > as iC OO0
O O ACl4, ~72.6; B350 24 5 §oCA1,BNO, requires C, 72.6; H, 7.2; N, 5.0%); 5,(400 1\/&12, C%CIS

1.37 (12 H, 5, Me), 7.23 (1 H, m, PyH), 7.51 (1 H, m, ArH), 7.76 (1 H, m, PyH), 7.80 (1 H,

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

Z-I3'-]3",S"-Di-bromopheny:lmhenﬂngﬁdme _
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: €, 52.6; H, 2.5, N, 3.6. CyHyBrN requires C, 52.5; H, 29, N, 3.6%); 8x(400
20 MHZ, CDCL;) 7.29 (1 H, m, PyH), 7.57 E2 H, m, ArH), 7.67 (1 H m, AtH), 7.75 2 H, m,
ArH), 7.79 2 H, m, PyH), 7.99 (1 H, m, ArH), 8.19 (1 H, m, ArH), and 8.74 (1H,m, PyH); |
- 84101 MHz; CDCl,) 120.7, 122.5, 123.2,125.7, 126.9, 127.6, 129.1,- 129.4, 132.7, 136.9,
 138.9, 140.2, 144.6, 149.8, and 156.8; m/z [EI] 386, 388, 390 (MH").

‘ 25 Example 23
2-(3'-G2-Ph)Py, 25

2-[3'-(3"-{3" 5"-Di[ -(2""-ethylhexyloxy)phenyllp henyl}phenyl)phenyl]pyridine




4 ~" : d 4 0 wnono , +o00bo4Q0r-0 rn mMN enAAOi WN
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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
5 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
10 using efhiyl acetate-light petroleum (0:1 to 1:30) and then DCM-light petroleum (1:20 o |
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.
C45Ho;NO; requires C, 85.0; H, 8.5, N, 1.2%); Age/nm (thin film) 271; 8x(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, ArOCH,), 8.05 (8 E, m, ArH), 7.23-7.32 (1 H, m, PyH), 7.62-7.73 (9 H, m, AsH),
15 7.77-7.90 (9 H, m, PyH & ArH), 8.02 (3 H, m; ArH), 8.07 (1 H, 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, 124.4, 124.7, 1257, 126.1, 126.2, 128.0, 128.4, 1294, 133.2,
136.8, 140.1, 141.6, 142.1, 142.2, 142.4,,1'.42.7, 150.0, 157.3, and 159.2; m/z [MALDI]
1201, 1202, 1203, 1204, 1205 (MH").

20 Example 24 o
Fac [2-(3'-G2-PhIPy].Ir. 27 | | -
Fac tr15{2 r3"(3" Grr_djf3rrro5rrrodifanno(2nt.

A mixture of 25 (2.97 g, 2.47 mmol), iridium chloride tn—hydrate (174 mg, 0 50 mmol),.

25 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 (900 mg) as the
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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
(CmHzooIer 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
ayellow 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+) |
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The results given above were obtained from devices which Ay ed
according to one of the follow ng procedures. 5 Standard device gno PEDOT)
1. Etch ITO squares 12x12 mminto 4x12 mm I TO strip by acid etch 2.

Acet one nwosgodsz 10 mnutes with ultrasonication 3. PrppRGB®/0Fseri nse for
10 m nutes with ultrasonication .10 4 Substrates-dried under dry nitrogen

flow 5. Substrates subject to oxygen plasma treatnment for 5 minutes at 100
W 6. Dendrinmer filmdeposited by spin coating 7. Substrates placed in

vacuum evap & y | deResiiiash vt areBadcotdiglelo vacuum
of |x10' mg&@}&ﬁltﬁg{%gabgﬁféglﬁ%ﬂ%ﬁn?% dgpom ted arte%{)eial nrﬂg under vacuum

of 1xlI0" nBane bfiths fadlowing prggeidumsb.l y a sol uti on concentration of 20 ng/nl was
used to achieve a filmthickness of 100-120 nm and a concentration of 5
ng/mM was used to achieve as filmthickness of 45-50 nm The sol vent was

usual 1y GhCignand detiee dPEDOBt € 2000 rpm for 60 sec. 20 For the devices
with PEDOT the follow ng steps were carried out between steps 5 and 6: A

- PEDOT spun from water solution at 2500 rpmfor 1 minute B. PEDOT |ayer

dried in al or 5 es 2 .
tris(car baz iyl )E?Gméﬁwaéerﬁqr%ﬁ Eﬁﬁﬂ%&? sﬁ;;(rjg%l oot Exanple Z. CBP
is 4, 4 N, bl dl ARELBAZIMsE foH 10heiRes wBE Rl tiaSonieatitn di net hl - 4, .

7-di phenyl - g{lenanthrol ine, TPBI is 2,2, 2"

(1,3, 5- pheay| enBrappay-2{ol tipsee ﬂyl‘lmmuwémﬁhn#%ﬁa%%]m 30 Devices for 11t and
27t | TO bst t tt d
Weraoor par ed gsﬁa{epﬁgﬁhdg%ﬁd?gﬂggo squa substrates were patterne

by phot ograp iCc nme res 1" x,1" and cl eaned
sequentially. in Sﬁs&mgemﬂaject\ld&xxygﬁi}ﬂasnihu’cammtﬂniSorﬁdeaMBQf for 1 hour in
an ultrasonic bath befaqre dr%%tgig in.a ream of dry nitrogen. The dry

Substrates fief e DPREISAMEACPIEr Y PGS 2005 WO 02/ 066552
PCTI GBC2 1(_)0¥.50 SéRirates 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 uncier 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
o 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 wefe transferred into




a dry N2 atnosphere gl ove-box where they were subjected toiRudisesis
treatment (Emtech K1 050X plasma unit) at 60 Wfor 4 wins. Filns of the
dendrimer doped CBP or TCTA were deposited on the substrates by

spi n- coatwiogzioessxde the gl ove-box. Spin coating was per€TUGREDIISI Nng :
solutions in CHC13 (CBP and TCTA) or tg.uene (TCTA) 5 at a concentration of
5 nmg/m. with spin rate 2000 rpmfor 1 min. The dried spin-coated filns
vere then t raarﬂl§f1¢21[ £8dsheret AI6ve0da thikke Bky ?vei‘@&ﬂfyme@vtaﬂm{ plhsia téathant

exposure to air Tor vacuumdeposition of subsequent organic char

e
transport | {fmitecteifit)50X plasmaunitiat 64 W foriéminst Filwpiihedendimerdeped @Bgor r). The

Crystal mi crBa A aE G B e e A el Bk o™
nm's. Devic %gaﬁ%wg peHorirkd ABidg sofutiik in GHEE (CBP gid TOTAoGoluete (TAGAYr di nat es

around (0.31, 0.63) whilst devices based on 111 emt red light with CI.E
co- or di nal est arenseeiration oBYmg/ml 3dth spingata20Q0mmfar. Swinh The dusdsni-gogted| ts in

the table, fgr the green L1t | ' geous to
bl end t he aditEs P PR ST & PR pbA SEE e Srar iR ABURE SIEDS )
hol e- bl ocki ng fopyRinuhRRsitidaRIF dRequchorparcchaggel temsporidaykrd and/oraztdiode can
give a further efficiency inprovement, It was fognd t hat }é‘{]ﬁgratio of 11 to
20 TCTA was clesteds; of ey phraue &r8° dom) The AhRgesHPEthe FYARIYISY REPE Wls 1ittl e
variationi - effiel | SRH adedgeqies to bl end
t he phospho'ﬁ%rﬁf{% %%rﬁﬁyﬂﬁsﬁmgﬁﬁa%ﬁegdect roaaﬁtaf%gsporti ng materi al
(TPBl) amd afbilpgm$ am/scharge transport material (CBP) as this "allows a
remarkably high efficiency to be achieved froma device wth only a single
organic layer (final rowin the Table). 25 Exanple Z This exanple is '

i11ustrated in Fipgigs geded 01 Eiid 2 dhit g—ﬂe%% giéhttvﬁﬂf‘ﬁzﬂ Bo-ofdinztdsdrddd6” - D1[ 4' "

henvl | oar bazol vl Johenyl | am ne 19 Augus . . _
{0.31, 0.63) whilst devices based on 111 emit red light with C.LE. co-ordinates around

(0.64, 0.35).

15 .
| _ 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 TCTA was fairly flexible, and over a range of 5-11 mol% there was little variation in the
éﬂiciency of the device. It can be advantageous to blend the phosphoiescent 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




WD 02/ 066552 PCTI GBO2100750 -46 Tris(di benzylideneacet onejglhg t@y un( 0)

[ Pd2(dba) 3] 14ng, 0.015 mmol) andtri-tert- butyl phosphine (10% i n hexane,
0.01 cnB) were added to a degassed (Schlenk line, evactuated and back
filled WW®O0I66%8) i xture of carbazolyl conpound (3, 6- B F4BIYU0

et hyl hexyl oxy) phenyl ] carbazol e; - DEB?-4gar) (860 ng, 1.49 mmoi), tris(4 5

br omophenyl ) am ne (200 ng, 0.415 mmol ), sodiumtert-butoxide (240 ng, 2.49
~mol), and hiAfdehdab 6o phAT: goayy | 41080.(15 )@Y tri-FTane dar k
purpl e mxt&ir%g@\i/\%s de%égssed aépgllln be OEEE(bEI n hgat ed a % Iuigpéwlth bat h
terrperaturebuh&lphﬂt)ﬁjnama%rm haxapen00bems) wrrg gddegtie afogasspe( aﬁﬁfé"’]& wed to

cvor o o ekttt Backrieh it o5P iR bl LB PR (FOAIREDOT ADNY.
468 ngy (57% @Jy]hgxﬁgx R'ﬂldnglat cﬁﬁ@m yPEHMCH9| (880 ]i(@A(i;%}} nBﬁ’tﬂ),C!:ns(fI-l nm (thin
R gg%%%mme @000, 0456 %) H%d,%%taﬁ,,b% @5%?2}{5&5‘% Mgl o)
éa?ﬂ);(léaﬂ%& M%ﬁ?@%‘“& "fg%‘gl‘ﬂ%@{) égij 4, 29. u?%ll 39@% nem

71.1,110. %ﬂiﬁ b%fole?ﬁexﬁg Hedbed reflox (Rih Bath Brature of 130°C) under’
128. 7 133. 4 1

140, 9, 146. 8, and 159.1: nl 1968,
1769, 1970, amn,f.or(‘lways ew&éa%?a ?8@?32dﬂ%“§%w2%@1§§?3re of

3,6-dib - m(0:1 BX
( Ref elr e;\g(ram "“Zf%dgyg(%@ﬂgiﬁom%gga Rme)m],léa? gltdrgg1 @Igﬁ%| %gcgsphl ne)

pal | adi ujp  ¢O): 10}3£me1mgu;ttcog16@36&mg| m7%z:fmaﬂa21¢m &0( 40 cnB)
d tol 100 t h bath

F orper at o 6 397 Gidodos (A 286 gata v sy Vi %ﬁ%a?g etk Mt B2 0

cool and di | gepqmg@{ Hz@hz()wgcp@(sqnméinaysemzmﬁl AFGLCH,TRO7(1FH ayer s

were separ até aqueous | ayer was extracted with %ﬂég 40 cnB).
The organi cml,auEh, ’bﬁrtl-‘?ﬂ’fii@@ﬂhm; AaRi&GuHy and 8408 HhimRger ’h brine

1 x 50 cnB d and
et od by GBI RE 67 7 alan o aT 4 R FRA R FLER RO, B4is 100, B0 Bt
petrol eujs (953, iz% 511@97 1@3@& DA\ aBdly) 140001468 ahd LIRL1; pwefzﬂd%@ﬂ@ 7:1: 20) as

- eluent to give g 690 ~of DEHP-Car as a white solid; mz [APCl}].
576 (M'). EQQ%nlﬂé9,21 74, 1Q7h ' 2005

)

- DEHP-Car was prepared as follows:

20 A mixture of 3,6-dibromocarbazole (12.0 g, 37.1 mmol), the boronic cotnpound GO -
BX,(Reference Example 4) (24.1 g, 96.4 mmol), tctralcis(t‘iphenylphosphine) palladium
(0) (800 mg, 0.692 mmol), 2 M Na,COs, (40 ent’), EtOH (40 cm®) and toluene (100
m®) was degassed and then heated at reflux (with bath temperature 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 columm chromatography over silica gel using ethyl acetate-light petroleum
- (0:1to 1: 10) and DCM—ethyl acetate-light petroleum (4:1 20) as eluent togive 14.7g
- 30 (69%) of DEHP-Car as a white solid; m/z [APCI*] 576 M.

- Examp_le 26




WO 02/ 06652 47 PCT/ GB02100750 This exanple of a blue em t{g Agykfoghgndri mer
is illustrated in figure 19 and reference nunbers apply accordi ngly.

G -Styrene (4) Potassiumtert-butoxide (0.98 g, 8.76 x 10-3 nol) was added
slowy towgﬂg,t,“ggzed m xture of conpound (1) [ ReferencePEHERHBE7IR3] (3. 00
g, 5.84 x. 3 nmol) and nethyltripghenyl phosphonium iodide (2.83 g, 7.01
x 10-3 nol) |n THE (30 cnB). The =h&ure was stirred for 1.5 hat AT and

-the solvent renoved. i cuo um f.r 18Qn&rdfden&B) was
added, the rﬁh%i%ﬁaﬁlpéet&rar\%i F'Bﬁércf?fl eralggle ﬁ%ﬁdro a pad of silica and
the product &) 80 Witdicdhghsl Ieumfractlon 60- 80 C—DCIVI4 1toyield a

col ourl ess 01?']. Yi gp‘gt 2(.:0 g£?67%; SH(200 WHz; CDC13) 7.60 {(m 6 H), 7.35
(s, I H 7.02 (d, 4 H, 6.85 (dd, 10 H), -5.88 (d, I H), 5.35 (d, | H,
3.92 (d, 411),1.78 (kept, 211),1.70-1.25 (m 16 15 H),0.96(m 12 H)

2- (2. 4-di uoi - ophenyl ) -5-bronopyridine (5) A m xt ure of

2, 4- dlflugrqghg@y&pqunlc aci d (2) (0 37'g, 2.32 x 10-3 nol), 2,5-
dlbronDpyrldlne (3)

t et raki s(triFxiesippers rw@)(%& %&cﬁﬁdﬁm Sszdé%ﬂ??ﬂ“%a%‘é“‘d%“? nol ),

~aqueous sodi carb a Ng 0 tgganolgf Gundl)C and
tgrueﬁe (1. ::30 181@1 K@a@%&h‘?}%e Iul;g g?%b mg V\aterb’}%g ():rrgﬁ) and DCM

(15 cin3) vve[h@thﬂdﬁgﬁﬂnylpmmmmdee@@ gsé@émlcé’dﬂélljmw r ous
magnesi um sul phate, fjlter ated t d, which
wag pur| f| e CRARTe W %rei%é]ﬁnﬁrg %?W(S’I "\%\nv%rgxi%gbl\({ﬁ?r é‘%{iﬁb ng
(429 ( %ﬁiﬂé t]{equiur rréll 18610 idsed throBgh ¢ pado 7.72
(m 1 0 %286\'4@(7]5_ 6 98d§g E');ta npound ggﬁnlp rr? LAre of., conmpound: !
(5) (306 ng, sﬂicaléhd)dhé(pr(ﬂuulvﬂl)tpd Whm@umzf;actl@y 0+ ‘P@\é Wt 0313“"‘%0'1 mol), =
Herrmann' s Jﬁst (12 nmg, 1.28 x 10'5 nol), NN-dinethylacetaniide (6
cnB), sodlu be (0.13 g) and 2,6-di-tert -butylp-cresol (0.14 g

2.86 x 10-4 gRid2.88 (a)s|E0NSELVEDORIN66ERZ RCTAERCPHDDIB, 4 1D, 6.85.
(@d, 10 H), 5.88 (4, 1 H), 5.35 (d, 1 H), 3.92 (4, 4 H), 1.78 (hept, 2 H), 1.70-1.25 (m, 16
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)



48 was heated at 140 C for 2 d. DCM (10 cnB) and water (10LaRJus¥Bdcs added,
the organic |ayer separated, washed with water (10 cnB), dried over

anhydr ous nmagnesi um sul phate, filtered and concentrated to a brown oil

whi ch wadv@aredssdd by col uimm chronmat ography [silica gePCT/aBRAGEVe| uting to
DCM repeated - silica gel, DCM. to4§/i eld a pale browmm 5 o0il. Yield 316 ng
(409 &a (200 MHz; CDC13)891(d1 , 8.10 (m 2 H), 7.86-6.95 (m

1-68U) 3.92 8eéAlecf9t’14é°c71%r{¥&%M Jﬁ g@ﬁﬁg&l@&ﬁg}é&d&&d 8 oRfanicm 1211)

Conpound (7) m Xt ure corrp 41 x 104 nbl) and
al | adi um o _car bon 5% was _St.i d, ;i gor ousl
5nder an at ﬂ%@ﬁ?@?@e e#rvg tef@mlgdﬁeg‘*f"%{a”%m%a%%“ g@gg%‘ "?hr oughya

pad of celite and rlnsed throu h with DCM (75_cnB8).. The_ sol ution was
concent r at ediltersdangeansentiatsgiic Hprownmil svhichasas ﬁ%ﬂ*ﬂ bygolynn chgmptegraphy

chromat ography [silica gel, DCM. .15 Yield 357 ng (79%; &a (200 MHz;
CDC13) 8. 56 [silica gel,Hexane@luig {d PCM: ipeated 75ilisa g8, PAM] ta Biclda pade browpd, 4 H),
3.08 (s, 4 H,1.78 (hept, 2 H,1.70-1.25 (m16 H), 0.96 (m 12 H) Conpound
(8) A mxgup, of compound (7) (175 nmy, 2.49 x 104 nol), iridium (I II)
chloride trihydrate 20 (40 ng, 1.13 x.101 nol), 2-butoxyethanol (2.2 cnB)
and wat er (&;ejaa¢ ﬁ)é}@itﬁ%ﬁtcnéﬂ?s 61 {01 3080 (RS, Y6098 (gnd wat er

(10 cnB) were adde the organi c 1ayer separated and concentr at ed to a

yel | ow oi | i f y. REY ica gel,
~ petrol.eum fx\‘%1 oé?@@glgé gﬁ&f‘%%ﬁ? Hq]l zg%’mg JEﬁ'l"l%}g%)ound (7) (65
my, 9.29 x 101 nol) and silver trlflate (25 ng, 9. 88 x 10-1 not) were 19
August 2005 WO 021066552 PCT/ GB02100750 49 added and the m xture heated
at 140 C for 24 h. The product was purifed by colum chronat ography
[silica gel Compramge} ol eum fraction 60-80 C 1:1 repeated 3 tines) to vyield
a yellow gl.assy solid. Yield 11 ng (5% 8 (400 MHz; CDC13) 8.16 (d, 3 H),
7.62-6. 8D (A miRurtpf cén@ind (6),(48 me) 6.4Bx36 )abﬁpd)ladl@mmc@rbpnﬁ%l-l), 1.73
(hept, 6 H, 1.70-1.25 (m 48 H, 0.96 (m 36 1

' 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 §oncentated to 2 pale brown oil which was purified by
column chromatography {silica gel, DCM].

15 Yield 357 mg (79%); 85 (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




The PL data for this dendriner are as follows: A thin fil mggfgat#ognd of
conmpound 8 and CBP (20 wt % of conpound 8) was prepared 10 by spl n coating
the dendriner/CBP mxture froma 1ng/m solution in DCMat 2000 rpmfor 1
iNn.. The wWolGessy di nates of the PL em ssion (excitati oOpcaice@madzsoun) were
X-- 0.144, y=0.326. It should be. notsed that in this exanple, as in the
other Ir dendriner exanples, all three 15 of the groups coordinating to

the Ir are coval ent y boun n bonds. Such.cqval ently bound
systens may 34§ g“’?"?ff‘ﬁtéfmrsc%‘?d% iPRSfugh s f YR Whi ch
one of the three coor d| nat i groups is nore ionic in character. 50 CLAIMS
19 August 2o@sormatogxa}phydhiﬁc@gﬁ?,tncﬁm@eu@vm&a@nn&@ -Hokde] weeate3 timesd o one

| ayer that contains an organonetallic dendrimer with a nmetal cation as
part of its yieldayeRaw glasgrselidlot conprising a magnesi um chel at ed por phyrin.
2. A device according to claim1 wherein the organonetal lic dendrinmer has

the formula ﬂeid11<££§{%%)[69ﬁ\§@ﬁ%hﬁﬂd CIL))S 16D, 7. 32 (e eDenss (@, gret al ion

or a group contalnihg a nmetal ion, represents an i nt eger of 1 or nore,

each DEN h h d r e
i nherent!1y -aE% F\eﬁlggta %%/l al I(I)I/1 g%ﬁﬁugat@%ptﬂ%hﬁﬁlﬁ{:zs @%}Qt; f@bg Iflpau%t ure

conpri sing and/or het eroaryl groups or nitrogen and, optionally,

vi nyl or Zﬁjll enyl groups connected via sp2 or sp hybridised carbon atons
of said (het_er__o) aryl vinyl and acetyl enyl groups or via single bonds

bet ween N aﬁ“ﬁ‘”’( hetero) aryl groups, CORE‘termnating in the single bond
whi ch s corme®ladktd for dis depdrihstiare a6 folewg:r i ng) carbon atom of the first
(hetero) aryl group or nitrogen to which nmore than one at |east partially

conj ugat ed depglt fifuh 6f DBIGACF chifipdtini3HAE SBIS@D Hi%loPEorsiulBa 8) Rispreired\ f Or M ng
part of said DENDRI TE. 3. Acdel\)/l ce accor ofltls(%g tc')) cl arlﬁlflnil V\}1er el nﬂt&he

or ganone i ll:!y?sp GG TRE aRFimel/ BB A Rrof'd dme/PRiEadARENPRMESR 000

[ DENDRI T _
rpm for 1 min. The CIE co-ordinates of the PL emission (excitation at 333 nm) were

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.




in which CORE represents a metal ion or a group containi ngjggakgRiedo0s0N, N
and in, which may be the sane or difgerent, each represent an integer of
at | east 1, each DENDRITElI, which nmay be the same or different when nis
greater than 1, and each DENDR! TE2, which may be the sane or different
when mis greater than 1, representGmegjritic structures, at |east one of
said structures being conj ugat ed and conprising aryl and/or heteroaryl

groups and/or. In'A‘ﬁ St d 19%hf&§%hﬁ1fgsé§'a’f‘)’éast% é%fer 12 cglltzﬁﬁ%n groups,
connected via § g oWetaiRe a %ﬂoﬁgson@ Ss(% aryl,
81 weer\ het er o)

vinyl and acet
éig%rtg?'%ﬁ ? r@%‘f‘br t he I i nks bet vveen t he

aryl groups,
branchi ng poi nts i n, DENDRI TE' be| n ifferent fromthgse in NDRI TE2,

CORE t er mi nat i%ng* $5viqerpsesft w&t%cl@%g vam%thesorg%mf-‘éf&&l% qd&ﬂ&f&%ﬁz hybr i di zed
(ring) carbon the §wmgla e first (hetero) aryl group or nitrogen to which
nore than one conjugated dendritic branch is attached, said ring carbon
atomor N formng part of said CORE4GRENDRITDENDR)TE' or DENDRI TE2 and CORE
termnating at the single bond to the first branching point for the other

- of sai d DENDRIif hidh CORNBESrddedts adhetal i0A9F a @RfipQontaliftnhetal RNPRI TE' and
DENDRI TE2 bei '}Qprlséé'ﬁts%%ﬁt% -of4- or'ﬁlcﬁl@\é'a&?DEmﬁE"@hlc% rﬁé ditb sé‘lﬂ@r ein the

organonet al | i ¢ d&ng dtni% santl erb@yMat1énst bdrti Hy RiRidEl " (111) 19
o, 200 el %ﬁf%g@r e
may be the sar‘FB{38 deIWIe(Fr ‘Efi ‘}{tSP y% t partially
conj ugat ed der‘?ﬁ‘ibiopla@msrﬂfls q?ro rry E’tnéf @l FE’ HSHP %rsw%lF g and/ or

het eroaryl or RF“%QFWCW Y lrgrpuREn G t&%‘t“?‘i‘%‘?l $iB8s connect ed
via sp2 or sp H%Whéﬁhzwomégﬁ@)mhﬁbféﬁmﬂa(ﬂéﬂ‘Pﬁéb@r%?mdkf eﬁf\?‘i nyl and
acet yl enyl gréhqisfobarybglaugpnglltmgemwnmclbm@nnmaatdef(ShmréﬁHM aryl groups,
and wher ei n t kenjugatkd daelritie drancla dj aiechd, tridriapicagopaiont o N forsangl DENDRI TE
are not all thertedsad DESRRITERr m nating in the single bond which is
connected to a sp2 hybridized (ring) carbon atomof the first (hetero)
aryl group or 3NAtf#Richhr8RE & 43301 Wh8rein 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 sz 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)




dendritic branch is attached, said ring carbon atomor N fay gidigt fyst of
said DENDRITE, the CORE and/or DEL,TE being Ium nescent. 5.7 A device
according to claim| wherein DENDRI TE, DENDRI TE' and/or DENDRI TE2 does not
include N as a branching point and is an inherently at |east partially

conj ugat ed dengdrifijc 63?5‘%8& @Jmf&&l&%h%ra éaﬁtéﬁ é‘ﬁfé@d’l?drﬁﬁ to claimil
wherein the o;rganorﬁgS anl eac [ di nating
group which i S[ erein the
netal cation i%¥ é[ff SRtr ’E?Hreﬁ‘?n %‘ﬂ‘glnhﬁqeﬁijk;&&?sgp Y(A‘%H Bél %W ding to
clai m 7 wher eifRolefrdansiugiurg which comprses o jgag(py, tergary 0 ccordl ng to
clai m 1 wher eioptiondlys syl ansviorracetzienyl gravph coppertedga sp” g36p B H br a

car boxyl at e orcagbopratamyd ofpaid (tetee) ag;d), Vlwld’@dla@@ﬁ&@lﬁlcﬁf@ﬂnﬁg’ft‘@ Séﬂ&i‘i’ mi,
~wherein at | edsnhdobgwser Naoé (ptaraparybgronps, achelenein thibinks beteicenend of t he
dendrites. 11.adfcee\brarhmgqoins mgsaidDENEiRﬂTE@remmﬂehaf\saate, Cedt one surface
group is sel aginfiflatfipamie sﬁﬂ@é beiid wkiak isiddnfeddd@nesp’ hymidijaqrivgat e,

sul phur - cont aldafﬂw,at&ﬁofﬁlbﬂrﬁ%t%ww Biodf o8 NOWRvhich Stddianyte gr oup; a
polyet her group, 1%{1{151%1 13 saﬂr%@ﬁﬁéﬂl%%ﬁﬁﬁ rtad, di -

tri- CL-to-Clt |shdroen or
CL-to-Cl15 al ky TE‘&Q@&(@HWV%H(% In @Bgﬂg rogéﬁk&aryl o%/ CLgto C15

al kyl or al ke y an 2SR u ere n al kenyl
an- SR group ‘W“ﬁﬁc Org’gﬁ% &8 fﬁ@g‘ {‘n Si
gr oup .wher ei nQ §n%1tr18°1P11Fe m&lpr FRAS aAdang P IyHﬂ?drogen
Cl-to- C15 al k>}q:asbparaﬂ¢@muga§9dd ﬂf&r@&’ﬁ“‘(ﬁ“ﬁ%ﬂlﬁ? 'yl or C-to-Cl5 alkyl or
al kenyl), aryl, or heteroaryl. 12. An organonetal lic dendriner which -
conprises a- rrétAldecfaimaowrémgptaclalrmﬂ whessin theroeganathetallic dmdrimee dendr ons,
wherein at | easinpeiss avleastaing cdendinativg grsup whivhugadteidndnitet. wher ei n t he
dendrinmer is lumnescent in the solid state and wherein the core does not
conprise a mMagNAsdedBe@b&iraing o DR N ¥hefbin 3. mA8l QfigaReN@tioh bf € ddendri mer
according to q)ll&%rﬂléf% wherein the core is a conplex of a netal cation and
two or nore coordinating groups, at least two of the said coordinating

groups eag h b%'. Rgdet\)n%lé %gc&rgm to 81@1% 9%het]eix? tl‘élfx%{gltis ﬂ'ﬁ)a%_.’m or thenium.

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.




52 14. An organonetal lic dendrinmer of fornula: CORE- [DENDRi Y EL usy\ﬂ?jel n
CORE, DENDRI TE and n are as definedigclalmZ(forrmla( ogr Porrmla
[11)) said CORE not conprising a magn gium chel at ed por phyrin. 15. An :
organonetal lic dendrimer of forrmula (11): CORE- [DENDRITE ],,, [DENDRI TE2] m
(I'l') wherein CORE, DENDRITE' , DENDRITE2, n and mare as defined in claim

‘3. 16. An orga tallic d d| to claim14 or 15 wherein the
CORE is represgg{gﬂoﬁﬁn‘?rﬂ?ﬁﬂﬁ eg&\‘}}i %’f%‘?‘agw (I1V) wherein Mis a netal
ion, each [X-], which are the sane or different, is a coordinating group X
attached to a single bond i n whi cROBGREPENPRIHEkes, each Y, which nay be
the sanme or different, is a coordinating group, qis an integer and r is O
or an integer, wﬁlhmirsG@RtEtD@NDRﬂ}TEkar(dnm)asﬂﬁnﬂginqlmahZo the nunber of
coordi nati on sifoafulayp) dreb{fernmula FT))whidrGORE aot comyfrisingarb@gneafum coor di nati on
sites on [X-] oRdlated psrphfign.nunber of coordination sites on Y. 17. An
organonetal lic dendr| mer according to clai m 12 which has one or nore of

the features 0&50%@%&%&9111%m&1%nem etal i c dendrinmer according

to claim12 or as one Or nore o efeatures of clains 2 to 11.

19. A process for produ %%% ﬁ | ai m 12, which
process conpri et ween a
metal cation aﬁ’ é@i{E n(i“ asldg’gg?‘?ﬂﬁg 8% the said

groups beari ng a reactive functionality; and (b) treating the core thus
provided with two or nore dendrons which have been functionalised to
‘render them rea@tAn/@g‘ammmtdhctihle:lrnaa(ﬂcmrémguﬂclalmdélon‘tl5e‘dlerq:mé‘sl‘ent in the
core, at | east CORE isfrepirtrentdd bgfomsulb€iV)g conj ugat ed. 20. A process
according to claim19 wherein at |east one of the coordinating

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.




groups does not contain a reactive functionality and consefyigisy2dcdai ns
free of attachnment to a dendron in stgp (b). 21. A process according to
any one of clainms 19 or 20 wherein the core provided in step (a) is
represented by fornula (IV) as defined in claim15 wherein each [X-]

i ncl udes a rea%%' ?@6&&9&% o BRGh b%léadjeﬁihﬁﬂgﬁl%deﬁmg nﬁc?fal?r?m AIRG5ESSs f OF

produci ng a de in c rocéss onpri ses:
attaching a co 1a in r o drons and (b)
fornming a corrp@%I gn°% ﬂ%‘%l‘g’d‘? g?leﬂ gﬁg?nboﬁﬁ M4 ation  which
is optionally foEpmes mplst dehypen fhe goorgin UPRARH HIER EHIOR resul ti ng
conpl ex. 23. AW@&@%H?@IY&O&%M@@WH@WW@F whichyemaindg they ¢l ai m 12,

whi ch process ressHigooawplex a) attaching a coordinating group to each of two
or nore dendrons; (b) forming a conpl ex between the coordi nating groups and
a netal cation; and (c) optionally further treating said conplex with one
or nore additi @dah prasesy i paidutigg laidgadiiaer 24lefifedinat£ms] 22 odivhdiragess 0 cl ai m
22 or 23 wher eicBmphisesconpl ex formed between the coordinating groups and

~the netal cati gy altf&cﬁlhgﬁ cﬁgﬂlﬂaﬁnégﬁfuﬁqg@ﬁﬁfbft@rﬁ of HoMiléndednd) as defined in

| 16. 25. t J
_ fl Slh'[n emttin ayer élgér}z sal dérwlggt glxr?fqg% %@%@r%gﬁlp%gegeguzl ock
h h t ht. tt
i ght Sﬁneff.eﬂg it AR S0 Bl b s BB "ner oi no

said light em P?‘? ﬁ‘al‘é&/ $20%onpri ses a sol ution processed metal conpl ex.
27. An organic light emtting device according to claim26 wherein the
metal conpl ex%sgarqﬂ:c&ﬂ ageqrdmattaclain 2glosR3 wigreimthesogwlexciormeht enitting
devi ce accor di hetween tHeaioord@ting gRupshnd thenndthlecation 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-




metal conplex is a phosphorescent emtter. 29. A phosphor esr&igustzogzound
conprising a conplex of formula (IV): g X-1qYr (1V) wherein Mis iridium
each [X-], which are the sane or different, is a coordinating group X
attached by single bond to' a reactive functional group, each Y, which may

be. e sarte or iiehfRlhe okt gaBARD LML S o | L eger and
's 0 or. an Integel, rﬁ&h?#inaeﬁré? %ﬁd&}ﬂn%%@theﬁéa@@hﬂﬂoﬁ&&%es?o the number

of coordination sites ava eln ails the nunber of

coordi nation site X-1,_an .St nunber of coordinat | sites on Y.
30. A phosphor’géc%ﬁgg@%‘ﬁ@]m&gﬁeséjﬁai(%gbrp@%ﬁ%}y&pﬁg \‘,},ﬁﬂlr“ gﬁlrrln @g&h reactive
functional group is bromne. 31. A phosphorescent conpound according to
claim?29 or 30 wherein at least one of X and Y is selected from porphyrin,
2- phenyl - pyridine, 2 19 August 2005 54 thienyl pyridine, benzo (h)
qui nol i ne, 2-phenyl benzoxazol e, 2- phenyl benzot hi azol e or

2- pyridyl thi anapht hene and i m nobenzenes. 32.

+ fac-(2-phenyl pyridine)-bis[2-(3 -bronmophenyl)pyridine] iridium(lll).




