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DENDRI MERS This invention relates to netal -containing dendrinmers and ‘el
| ght - emiyé hh6ked@Vvi ces 5 contai ni ﬂ i de range of ptHEBISGEENT Io\@-/f/
nol ecul ar wei ght netal conpl exes mﬁﬂmﬂ‘ muw l“w 15 20 25 and have been ’
demonstrated as both light emtting apg.pharge transporting materials in
organic light emtting devices, in particular |ight emtting diodes (LEDs)

al so known as el ectrol unm g iCce hStfaSpin statistics
associ ated with the inj eliadlslA3a0s ; ENDRIMERS ¢ i’ chy pair to
form excitons shows that only 25% of the excitons fornmed in the LED are in
the singlet state. Although it has been suggested that the barrier of 25%
for singlet exci - i irfer§ hiiClighRleaiiting detvices

known to be far Wgﬁl%ﬁ%ﬁ%%%g?ﬂo%%ﬁ’?gg%’@@m S oﬁfg theﬁ%i ngl et

st at esscan gegayingakinat i vely generating light, the triplet states decay
non-radi atively. "The possibility to eXthﬁéJé | um nescence fromthe triplet

excited state had widessnge! HuaiAcEendAY R aryelghi pelal ORIFEeY AR Fes cent
guest netal | igc conplexes j ty o AXS hRaiFialyia
sensitive tB" C@’%ﬂbi‘?ﬁ?‘&?ﬁ%ﬁ% 5@%{ gﬁélstttl %ﬁt/ g%eggfl@%nd %nl y 1Iaovxll
concentrati &fagﬁmeflighh&nﬂuﬁgsae@@@, ia@attalir ightsmsitthipdieds¢pEDa) alsmkiaveniss t o
aggregation and quenching. In addition the metal conpl exes used to date
have been desctepientinsoersdEUpievidese Asalysinaf spinptatisticsassastatesoyis thediegijon
thermal evaporation. |n ny .appl.i.cat i.ons. sol ut.j on C L ) e

pref er'fol e ?f)ol%ﬂi’é‘é*g}’ &J(‘?I_Sﬁc%ﬂ?gt ‘?ﬁblﬂﬂ“rrttgﬁf’n?rﬁf%hngFlggvgotﬁ%%‘%nrﬂ?%mlggg%% filns
when deposi L By sifledid B 9GRS idhingies Al Aliabughlit Heudodn bepgesteatiaageous
to have gues 0ST systens In ich high levels of guest can be used. This
i s possi bl ethsivafrictedsVd foe sinpleeexcitbss may be exiieaded undeheeripirecieavmsiangesit ison

t hese problens are sol ved bcyﬁg/f orm ng certain 3Q den th netal jons

as part of knewtr e fangieny 1 GA%-sFormot ogganis BrisHrls QBg'ﬁhgg%Elﬁwg?:tﬁf & 1553 Mhi ch

branched dendrons, (al so..cak. i 1 8ility e
properties Bq%rwgﬂ’gl d%%ﬁ%tlﬁglrhgﬁﬁgﬁgﬂg{?{e%;ﬁ%ggl{ﬁfn g?trgtg ut il%gnger%dgglggi“%g and
al | ow jsncor pekak hiRinedceh®s Bbm GMRipk egdited Bt lidsascentifibedn dananstrated by

denonstrated to r159159 WO 02/ (Il ~l ~as2 PCT/ GB(12/ Q(17;11__2 bhe
effective i imdlusin ofphiosphorescentenes snqal ipsgmplenesonhosignairicesn HPRvesLide

system The known exanpl.es net -al t ai.ni I pnto th
cl>lasses (i) SHEeHEs mie)éﬁgg{wettﬂgﬂ%%%c?@m?ﬁg)& ne![grdlﬁg Stﬂﬁ%%d%?é@e&ggéh%ﬂe?y (irieie)
metal ions %néeﬁﬁ'ﬁ{?&ﬁr&%é" eROdan e ulm&oﬂe?h?%efe s’égﬁl@ti@ﬁ leats @laggephitdrmanmiy

dendri ners IC ave netal 1ons as part o ranchi ng points and
coor di nat i nguetichisgs | i nking the netal ions, {see, e.g., Chem

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 (alsé called dendrites) are attached to a
core. The properties of the dendrimers make them ideal for solution processing and

30 allow incorporation of metal complex chromophores, which have been demonstrated to

O
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Comm (2000) 1701 and Adv. WMater. 10(4) (1998) 295). The photol um nescent

10 properties of sonme of these materials have been studied in solution, but
the soli ¢y§hAgsd,um nescent properties have general |y notpbgegopympsered. It
does not necessarily follow that a material that is |um nescent in solution
will also be lum nescent in the solid state. Concentration quenching in the
solid state is a common occurrence. In t®e dendrimers with netals ions at

the branching points there is a high density of chronophores which 15 nakes

concent r at | baetfentive in Hghteaitting dexices (LHIRQY ipfo asjolytionynrocesspbifeiyaeMmer s wit h

| i h i phe h | i ' ' . il b
Clooe and agai n SBREENDY Sree aRER eyl ity UehPSha Bl in R P

invention is direct et den@dhire ners with nmetal ions as part of the
core. Wien the netal” ion chronmophore is sited at the core of the nol ecul e,
it will be 20 rel at(iiyeingtal sms andlek pariphetyhe core chronophores of adj acent

nol ecul es, which m pim ze?, ossi bl e concentrati on quenchi ng or
tripled-triplet anrf@Rmstaligns apthe brnchNgPoB Y anonet al 1i ¢ dendri mers al ready
di scl osed generally do not have conjugated dendrons, and so are unlikely to
work well in an el ectrolum nescent device. For exanple the only l|'anthani de
(Ln) dendrimers mMaperit &darge of afceal bavainingl dendiimersawidclPhavieeneatyllion dsqrart of
Frechet-type dendrons. These conpounds were shown to give PL em ssion, but
have not bethe Yraeshing paintsend eqqrdmatingceraaps linking-the apetal 1008, (7es, e.grnhemo) j d

Films, 331 998) ] me, Qr i rd ated to
work in or gg:r%?mfn‘l Qéﬁ(ﬁ lgﬁflaf“ii %&9%&3 g@@%ﬁg%@?? gﬁrﬂ%ﬁﬁ@@ 1@@@@%%{ i on

chr omoghor egrdgianiéa R SGHE b MRSSmARAMS havaRel2iulledth s88Ron, HubGE/s6R| 321107511
up the rang f materials that can be used, and may offer benefits in terns
of ts_t ab: i t%;mmfgfnmro?ﬁacgﬁmrg?wfb¥ notdzggqua)lqtécregffc dpega?‘t necigystgyléhﬁllow .
particul ar benefit i e potentia r.. hi g i ci.ent solution, processe
phosphor esc & 2 RAFTEHENAL R ’Eﬁsﬁﬁﬂﬂscﬁﬂ%’np‘g%ﬁ%ﬁlﬁvlé?ﬁsf ! #‘85&6"3@”5 li ght
em tting deVioGEethiibh gEHIRleTA hesoligile § (LRI HddlmthddBlithe AGHIHRAS a1 Ni N
dendri nmer an(?, I'n particular, an organonetallic dendrinmer with a netal
cation as pafith @étaistisncaniee brandhingpuints titre eaattiglelensity of ogoriophargs which
magnesi um chel at ed porphyrin. The present invention is p%r,ti cul ;%l[ll y
direct¥d t oweakes consentiasionsfuenching parieularkplikely. Mimgagy @ drndrigiers with ristad ¢
partially conjugated .organj d j j. i .t of the
corel. Suchlﬂkr?gﬂ?eﬁflgggrgr{%g negqﬁél%qgggg%‘lfhg}o%gésﬁgp g;ﬁee?]:?os?:%{l/cg?%aﬁ%n' The

at ons or gr @uREnGaNsHiAthing il Beiapgolémt he netal typically form part of
the core itself e.g. fac-trrs (2-phenylpyridyl) iridumlIll. Thus the

dendri ners typi célheyutramenydnsion éy dirdcted(tpyvards Serginimgers W‘b@\@ﬂlim ¥ rartyofi n
\rAQIp(r: 25 ents ge éo%g.%gn fhe nrx?étgll joh gﬂrox%ropﬁog ri_s0 sljlged%?{ﬂ[e%'opel SHné m%%tcgfe, it % e
20 relatively isolated from the core chromophores 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 Films,
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



integer of 1 or nore, each DENDRI TE, which rmay be the sanme or different,
represents an inherently at |east partially conjugated dendritic structure
conpri si R¢o /;{‘J(ﬁ%nd/or 20 heteroaryl groups or nitrogen apdrcape@ssl |y,
vinyl or ‘acefyl’enyl groups connected via sp2 or sp hybridised carbon atons
of said (hetero)aryl vinyl and acetyl enyl_ groups or via single bonds
between N and (hetero)aryl groups, CORE tar mi nat i ng in the single bond
which is connected to an sp2 hybridised {ring) carbon_atom of the first

( het er 0) ar yhp greapgeoef mpterpls theb pan bousaiandgesy efferhenedis ipteans abstabily at

| east partl nj yugated dendritic branch is attach sal& .riing carbon
or nitrogen ‘fg?##@F&ﬁ%@swfjf%ﬁ%‘ﬁ%&f@%ﬁisﬁ@& ﬁpqrtﬁ.ﬁ% bggg@ﬁ%{ehrestood t hat
the term " mptalidiq0r highly ¢TREiBht sbRiIoR ProcedRd YESHhBRERIND sysHRSE T iAResrdity,
char ge sta{TE t é rreﬁ ag v}\,/oulol1 have 1wi ?fwut a?liy&lﬁi gands a}{_tached (ther@’y

oxi dati on stimtm}sent mvemdordendidenelighttettingaleviae whachmemgirisesiz lager t he over al |
charge of the dendrinmer (s neutral ,and the tal - ilgand bondi ng.w || have

more of | esS§ORBRHEMnetal g conmipgdensinmer apdin prrticulas du 0TS G e net al
dli di | . 0 d : |
Foters ro ol it SR A0 Yotk s U5RT RS ggﬁt&ﬂggﬁwﬂcaﬁghmhg 3y

enyl “groups -val ént, vi refers to vin

refers to ac
groups that nipflesiim clélatedipoytlyeinf , and aryl refers to aryl groups that are
di-, tri- or multivalent. In a preferred enbodi nent the dendrites are

conj ugat ed. 5 Thdhaersentinyention ig pestieularbndiresteddpwarss dhewsgiat gendiimerascent in
the solid state. .The | um nescent ety may b artial : | W thin
the core. i ¢ Sonpiningone e et B oot FaRBbaef o by dBpanf e st

Sui tabje br %Qﬁ%ﬂlﬁ JORIINISHich BGdHR rffovh aRBheNRIpBEQATN preddit fltetivh. PRe f Used,
aromatic ring systens and N. The |inks between branching points include
bondi ng 10 atwms oragroupsscostilimmting/bindihg trthe metal yypicallyyfbrnapgit of the core itself

aryl -acetylenyl -aryl ., aryl-aryl'-aryl (where aryl' -may he different from
aryl), N arglg &WCF“RI(%‘PPFH}’JN“@&H If1 EFP\md\ﬁh Sﬁ?h{?\ﬁgﬁnﬁrﬁWEBﬂg’ﬂaﬁeg}% or nore
of each typ?or%{ulggg,_nchi ng point. Moreover, in the case of the

aryl -vinyl -ary aryl -acetylenyl -aryl linkages within the dendron there
may be one or nore aryl- vinyl or aryl-acetylenyl |ink between the
branchi ng points. Indeed there nmay 1 S be nore than one vinyl or acetylenyl
or aryl5 noiety between two aryl GPRH<IDHNDBIEfler@bly no more than three.
Further, there can be advantages in using an asymetric dendriner i.e.
where the dendrons are not all the same. Thus the dendriners may be ones
havi ng the fiRLKCORE) repréfentdinetal IdaNPR!gl&uy dntdAYRRE HreidlTod, In rhpreBertéline h
CORE represents a netal Pon or a group containing a nmetal ion, n and m

whi ch may bénteger ofdroe noore giath BENDRI TEasthichepaybethe same ionddfeeent gbprgsenteast

1, each DENDRI.TE1, which may . the sa of .different when n i eat er

than 1, and a@MFT%ENEQQEWEP%Q%&ﬁﬂwawa&eﬁérlqmé’ﬁ%c%}mréﬁlﬁ %rlyg?f%{/%en mis
¢ oh A M

T ructtd oo meferof PR Ys SEHh bl oroRAEL MR or R BT A ofHncbBUTE

groups or nispt @gphybridised pirbomatoins,of eaid Yheterodhrylrviay eyt lestylengrgpongs, or via
connected via sp2 or sp hybridized carbon atons of said (heterg)aryl,. vinyl
and acet yl esinglgbends detyeeniNand (hgiero)pyhaepupsn (RRR tequnating i thesyieas %ﬂd
groups, and v&lplgh is connected to an sp? hybridised (ring) carbon atom of the first (hetero)aryl. group

or single 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.

It is to be understood that the term "metal ion" or "metal cation", as used herein,

describes the charge state the metal would have without any ligands attached (the

oxidation state). In the dendrimérs that contain a metal cation the overall charge of the

dendrimer is neutral and the metal-ligand bonding will have more or less covalent



WO 1) 2/ UGGSS2 -5 PCT/ GBU2/ U07S11 branching points and/or the |inks between
the branching points in DENDRI TE being different fromthose in DENDRI TE2,
CORE ter%@%/h&%zi n the single bond which is connected topargiadhkei di zed
(ring) carbon atomof the first (hetero)aryl group or single bond to
nitrogen to which nore than one conjugated dendritic branch is attached,
said 5 ring carbon atomor nitrogen forntdg part of said fully conjugated
DENDRI TE' or DENDRI TE2 and CORE terminating at the single bond to the first
branchi ng pchahctendepehding bhdhe metabaiddifaklibRIoNe. or DENDRI TE2, at | east one

of the CORE, DENDRI TEL .and NDRI TE2 being. | um nescent, as well as | i ght
emitting dendri mefs HERA NSEER He 18R ArRteql F‘%?FS 19 gootrRRy -gr?lﬁﬁﬁﬁfelaﬁeé?lj‘fa @ 1)

i n which Welp' ) Pl i,on, n
roprosent s A RAESa8 V1 frof Bot b A RLRRR AN AT of BEARL 000 "
different, nepdigadnbsmbkivalent. Taergefelryd ainbbdiakht hadendritbyare aopjugatdd
dendritic nol ecular structure which conprises aryl and/or heteroaryl or N

and, optional |y, Therghdrimarsef thedavsrtionpre preforably brinesseridn thesolig staty: The
hybri di zed b f i.d (het | ... vinyl |
o220 et SRl L S8 St Bln RS T bAD SR
| i nks bet mqg?&gdrm?@onpﬁﬁqﬁajﬂ%n@@g)@ts in said DENDRI TE are not all the

same, CORE termnatfng in the 20 Single bond which is connected to a sp2
hybri di zed (ri ng)Suitablednarshomgpoints nelude astl afidbetercalyds whichcaulpe fised) t o whi ch
nore than one dendritic branch is attached, said, ring.carb tomor N
form ng par W%ﬂatﬁlﬁgwmapé,}]-tﬁ}ée eﬁ’ﬁ?ﬁ’ﬁ?ﬂ"‘“}ﬁéﬂhﬁm Sﬂgf‘ﬁﬁ%ﬁﬁf‘%escent.

I n one agpe £ the_ | ' TE, L TE ] NORI does
not i ncl Edc}e%kfr%%natéllag? %%é%?%éq%%ﬁ %‘Pgo ] t?gg?’leeg?pérg[’ IaBEfsmlt 0" be
under st ood tG@treiaiylf @ayrbe diffdrent iforaag)] Niar@dAid Niagd'-WoAn intivithid] slendron

magnesi um chel ated porphyrin. In this context, conj l;jﬂgat ed dendrons

(dendrit es) maji¢anidin ontat moreof cagletypa abbrapching poink r Marqover. ibiliscasefdhasi ngl e
bonds, apart framthe surface oups. . However .t hi oes ngt nmean,that the n
systemis f@yivigdrg¥andary-a g(ienﬁg'?‘a’& o5t ?’Vbth“bie gﬁ%dsrf’%?r}efe ’8@%? etéronffil‘? %11 WO
42/ 11CCSS2 B L ¢in O R kaceB 16 P BRE B ve R tHe WRar B Qo R [5dded thre
attachnents.ngll‘r?gghcon uga{?gdacgg’ngﬁgn any gr anching nitrogen wll behﬂ@

at t ached13 o b3 morglthgr mepdnyl T ecalglenlylioraryl mejety devaroteo ahd graspe biuni nescent
noiety. In a preferred en‘%gdi ment l{xﬂ_!e dendri ngr [ ncor parates at Ieas{.two

i nherent | y |RIgferbbrahmorthan thiee. SEyiien AhsTs Fat Pl VRRPE Y IR YEIPE FgasyBmetric

conj ugat ed \;ﬁ'ehgri%%c{]e.%ﬂ?{t-hg\geﬁ{gcraj@argggy@p@%rs el Ncludes at |east one of

the said lu eéscent 'nol e efera e |'um nescent
Thus the dendrimers may be ones having the formula (II):

20 CORE - [DENDRITE!'],[DENDRITE?],, (II)

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?,

25 which may be the same or different when m is greater than 1, represent dendritic
structures, at least one of said structures being fully conjugated and comprising aryl
and/or heteroaryl groups or nitrogen and, optionally.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



noi ety or noieties further fromthe core of the dendriner have a | arger
HOMO- LUMO energy gap than the | um nescent noiety or noieties closer to or
partly oryuhi9lde¥sM thin the core of the dendriner. |n anopfgiceesides ment

t he HOMO- LUMO energy gap is 10 substantially the same although the surface
groups may change the HOMO- LUMO. energy gap of the chronophores at the
surface of the dendrite. Sonetimes in, say, the second generation dendriner
the surface group nmakes the chronophore, at the distal end of the dendrite
of | ower HObEnchidp)peires ayd/cothp inkobdtwedrtht behchihg poend inMENDRITHWinge! at i ve

HOMO- LUMO energy gaps of th ieties can be neasured by 1 S nethods known
per se usi nglfr rwgfmr% thasg lrsﬁgﬁ?%‘aﬁgt%%@m@wgdv therpangle hengowhish s

noieties m r { . . ).+ Wt RN, i f . Which
o £ oo bt g Aok RtV LB o e BARELABRL r T,
ot her | um nesaed nitFep&t 1 Whichgiogd s ohé cdljezARTdbhatic Blahel RattadRldYsai®r 1N
addition, the dendrons thensel ves nay each contain nore than one

| umi nescent rimgicatbpn afom whhittegem femde paroefsaiditiy eenjfigased PRNTHIAE wi | | agai n
preferably [l nt . VO, energi es than,those closer to
Phe core. "1 SRPRPIESEd'CORE Rt af e i beid T it RGeSOt Toho g

| um nescent : | 2 QUi f r the
dendr i mor & e L SR g CrBr SUIEE’ 3Hlcht ong oF i CORE DRI
branched andnd DXENIDRIER? teidgiamnindscant,es avelil a8 adight bypittieggdmixiyner 2mavingdhexy,

al kyl si | ane, carboxy, carbal koxy, and vinyl. A nore conprehensive |ist

i ncl udes a femwWetIDeact abl e al kene, (nmeth)acryl ate, sul phur-containing, or
siliconcgptai ning group; a sul phonyl group; polyether group; a Cl-to-Cl5

al kyl (preferably tbutyl) group; an am ne group;.a nono-, di- or
tri-d-to-Cl5 al kyl ami ne gr 0up;c@R£C(€§mm]mﬁyei n Ris hydrogen or
Cl-to-Cl15 alkyl; an -OR group wherein i s hydrogen, WO U2/ UGCSS2

PCT/ GB02/ U(17S11 aryl, or C 1-to-C 15 al kyl or al kenyl; an -OzSR group
wherein Ris C 1-to-C 15 al kyl or, al kenyl; an - SR .grou erein Ris aryl,
o G F o cun S COREZRRBRH o Bial g A oo ubaan B Htel gt Besceids & e
sanme or diff t W0 I ek, - SR
group (R islﬁggéglc’fg?g ,_ere?h\é:ﬂiS al Eyp%drv&}g %ﬁ{’%?&asfl@l%?ﬁgr het’erfgﬂg?é;% 5
Typi cal | }5 t ahuhhdrerlycht d¢dsopartightyocimiugated deadritic ibletwaesituchue vhivh cgmpuipes nay
be present on different dendrons or different distal groups of a derc’ldr_on.
It is prefe@rddngiesheternary s At ande prticpally) Vinylendior acatylenip ggoups sonnegieddia f ace

durhee gr ooh Gt e A SRR0N MRl EME R RAPt VD! A AcdRintElbund i

10 For exanpiildbdide betwdel Mo (hefetd)iryl SrodpE A8 whekdicthe Ciaks bewetwsdjadenbked
upon irradiation or by chem cal reaction. Alternatively the surface group

conpri ses a hpanshingtroints i saih DENLRN TEaare bet alkthe vare, (ORE sermizatigg dufhenhi ch

b AN . | h f . | ect th
Gondr mer” sttt F @ihdusd b ol P Efali b PSR STy ' 18 e
aryl groups (etbft)dtyt 8ufl BPN 8 RhiSPRoRAhAY Sl EntiMtiO BRAGHNR attBEHE i EHfg

bi phenyl (i-n whi ch™case an aryl group iIs present in the |ink between

adj acent br aarHonmatprpor M foymangtpartadend DENDBI Ef\ahe CORElindéyr REMORIED being
triazole, triazine, thiophene and where aga%ro ri@ﬁ%@@lut vari ations.
These gr oupdUmEiEsesst.i Brene aspest ok thsdeyentien ,1\{[5)%‘ PYOE15 al kyl or
al koxy groupsg r anchi is : O preferably
benzene ri néﬁ?@@g% 53‘°gg’3§’|d§3’%{%‘?ﬁfﬁ&%@?ﬂ@gﬁg@ﬁﬁ%@hd 5, pyridyl or
triazinypsrings. [fheaodenddassol benteiovasias &I s IBCORE does nbtomprissar escent

chronmophore. It is possible to control the electron affinity of the
dendri mers byagnesiumodielateshparphyirite chr onmophor es of el ect ron-wi t hdr awi ng

“groups, where appropriate. for. exanple ¢ 0 .and, sul f I rengly
el ectron-withdra 3@5 gﬂate%tpf?xgggq)fﬂﬁngwg%z&@gppels}]mgga%ﬁg?t%%%% g{aﬁ?é iogn we
.are interestgdrmafling GHEBIBGAd Qi%gl%luoﬁdmapérh&smaﬁds&té&ergrdﬂpgl.l HoGavérans doks t he

dendri ners can be %ound in W89/ 21935 to which reference should be nade. It

wi || be apprmet imeae that Haet o syséenots folly deloéalised Thendblomadisationaditedt systehis cor e
(provided that at |east one dendron i.s a specified conjugated dendron) can
be unconjugated. Typically such dendrons include ether-type aryl dendrons,
for exanple




WO 11211)1C; ;2 -$_ PCT/ GB(12/ (1 U7SO where benzene rings are connected via a
net hyl eneoxy link. It will also be appreciated that when there is nore than
one dendpon,.bdigsdendrons can be of the same or differentpggagiabiran
(generation %ev“e’? is determ ned by the nunber of sets of branching points).
It may be advantageous for at |east one dendron to be of the second, or

hi gher, generation 5 to provide the requifred sol uti on processing
properties. The cores typically conprise a netal cation and attached

| i gands; t hgepeatiadt onghé sepicchémistry efithealttathmérte Incr@njrpdtetidendron eny s
typically lumnescent. If it is not |um nescent one or nore of the dendrons
shoul d cont branching mifrqzes 3l be gitaalgd tofhaiyl gIaPEor e conprises a netal cation
and attached |igands it.is tvpical / - etal,, Lpn and
one, two' or nor @8?8?%’%%%%8&%?3%1%%@%% ngglgg g%ﬁgqmg‘ﬁg?&?é‘#’é%’gfcg at

| east two, gfbbMiencnPRleliendihOitingsPots Belcnd tho ltréntlydusiareieanmoityips cal | y
the Iumnescence of the dendrinmer wll derive fromthat conplex. Wien CORE

in fornulsa @hich mbiclieomay bt ipy aboheeconiygated evithseagh gthsupvhesein therflendroa net al
ti , CORE.is typicall Q! f al i t
Coor i nat i nipeidsaptieasione b SSRuTEeSrt PR G £yl B uhRe®t "The sai
nd , (
groups eac eg'ﬁtﬂ Qr pﬁ)o?ﬁés tﬂ?rlllfe)r @grhpﬂe Igﬁe,MnﬁﬁmePﬁa@'ﬂ\ﬂﬂeFﬁ@mlmM@S

defined in fOrhulae respectively, by the single bond in
whi ch CORE ieferii@ap tiaathailuasindsesrvintiéte or moieties eloaspe ot partlytonwhoHy snthimn

CORE be r. ted I f the foll ow I V). 20 M
X Tq 'y (1'vhenkae of Femendrimert Hottes emopineat o0 MO RHRR “Bit8Y ik issane or
Lx ] . ends ; . RS ame
core o 1 nabedtal g edogtBe S BUER AR Aadidil FORNILUMOT! €

coor di nat i ng,gf e ofi tHeShAdindphoRE O thaRdrficd oF te @éndaife. Sometmes int bay, them of
(a.q) + (b.rgl g 8 equal to'the nunber of coordination sites avail able on

M wherein aedchdtgerenationhdendoiiner tor siirfacet gronp stakesthe shioxaphayedt Hejdistalzad
nunber of coaordination sites Y si ngl e bond ,i h [..E [ X-]

moi ety, bei 0 the drpdeits of IMP%H8&%%URH§6“E%&%°8@@§§§ t%@f‘} &ﬁ?’f%?’é("%%g‘h -9
term nates, connegts [IP(EM Eeadthe Rasired

dendrons in a den r‘a’lrﬁ%ﬁj/gﬂélﬁ\@\gi C (Q;ér%g%rgﬁls%éﬁﬂr%uqlhgm?élv) ig an ir;t gger of 2
or nore. 1FhansBbdas kntvrper FDUSing @ LV -0isible yyctraphiototheier  Ome of thedumineseent

represented by DENDRI TE, DENDRI TE' and/or, DENDRI TE, ef.in in fornmul ae
(1) to (111)meibtiessmayhe of beRAMALT WQOW)MH%n:ShWOTW%%iﬁYqE%WﬁE this o neut r al

or charged chel ated, | i gands, whi ch t tb"‘%{iﬁ Egfsr and which
serve to fulﬁrﬁéertbipéh%vc? S&?ﬂi‘ﬁf}“@ﬁre@d@m%ﬂ‘{'s ee?lﬁltégrrtgta cat'on. Suitable
met al s i ncl ugfrindsB&Ht Rt @r HRcHeS in $Y @Bndi6n.C Altethativelgnorin additien tlopi um

terbi um dysprosium thulium erbiumand neodym um 10 d- bl ock, met_a%s,
especi al |y~ tdeadesnsithemseives MayredctBcantain morethenose Buninescans mejgtyyn Whickgases cn
as iridium platjnum_.rhodium mum _rutheni um rheni SHiedi o

chroni um20 gﬁn@gté,erfr?raﬁl}e ¢p ikl 2231 prefgra X(]i'a‘éegi&ﬁ%e ?&gﬁg&ﬁal n g?oup net al s
of the Peri Odq'pcen %%sethm?’chgpe ASsel B e Sofel QAT C4BSthd chre ifstinedd Bt bkl | B e. g.
lithium ber%/ 17U magnesi um zinc, alumnum galliumand indium Suitable
1 S subst it ugRiifiestentf slthonple himinescentpardsiaca generallype¢fented. CO and hal ogen such

as chlorine. For iridiumdendrimers, the part of t | i gands, attached to
the metal is pref Swiahlgsuitage groypeis dhe QFG&W@GTF]EPBF@;F%C,C %r}dlgfggﬁpﬁ*}%&i
pyridine, attached to,a (heter I e fesedlyihe ,
system for. algkfgﬁﬂeglag%é’fl IS’E’SBF%%? h%; Xrtdns u 6§It°}1%f¥1ié?i£}§g%llr§ﬁaﬁlgr henzot ﬁiﬂg’é ene.
It shoul gsal rb?,wﬁﬁlah&a:brﬂoh?, qyballehixpeariavingll Fombe: cmiyzthensivedist Pl at i num

dendriners 20 and ‘especially platinumdendrinmers wth a porphytin core with
sti | bene- basindhulesd fatter-atactablecalkens, (math)aerylate, SYIPhPoFPIRARINGMSHIONY | ess

‘preferred. It wil| be appreciated that the |ight emisSsho i her

f1 uorescent SRNANRERPNSASY Pﬁﬁéﬁ@napﬁﬁ%ﬁﬁﬁé’ %gbfoce”o% 3 trgll%ragﬂ d{1

_coor di nat i N9 3B YeSup; an amine group; a mono-, di- or tn'-CI-to-Cls alkyl amine group; a -COOR
group wherein R is hydrogen or C,-t0-Cys alkyl;' an -OR group wherein R is hydrogen,




2S Suitable coordinating groups for the f block netals include oxygen or
nitrogen donor systens such as carboxylic acids, 1, 3-diketonates, hydroxy

car boxyl %6‘291?6‘3.552 Schi ff bases including acyl phenol s andpdf;BeR®50 gr oups.
As is known, [um nescent |anthanide netal conpl exes require sensitizing

groups) which have the triplet excited energy |level higher than the first
excited state of the netal ion. Emission’s froman f f WO I12/(IWs; 2
PCTI GB02/007;0 -10 transition of the nmetal and so the enission colour is
det er m ned hyltdr€, abel,¢calkypf ortdllenyh tanl-O,SRgrogh avheraimRss Cpito-Css ajlerieral | y
narrow, resulting in_a pure CO"Oﬂ{igem ssion useful for displa

. appl i cat i ondlkemylean o3k grouppTheraiy Keis arrhay Sgriotni gk oradeenyls 43 -$iRe group
phosphor esc &@8%:;5 ﬁhgﬁras Q&kg? bieFhe Gy &%it‘li’éréﬁt%ﬁ %Pé’}g&\gﬁ%e\%eph‘c&bg raggsl‘ gp for

fl uorescent i n group netal conplexe { gan ed, or

- char ge tranglikenyler a6 -SR". grbtie (ReTik a6il onCE-el-Oyrallng odelkeiy, ned, dihetdiearghoi ce
of ligand as well as the netal. A wde ranﬁ of l'um nescent |ow nol ecul ar

wei ght nét alypically ekety! andealkorovgrovpscireused. B Earcabnvifse grouasima) be prrsemic

i ght itti ) i . N | . 125. 10 99 =48, US-A
90 or bR Rl o SR of VB2 SRR bt 1% S

trival ent mgialfn@n€ A0 ploResatilt € e surfdeY otdipl BESueKAPIE Yefdrimé- @n W th
oxygen-ni trogen or oxygen-%xygen donat 1 ng atgms, generally a ring nitrogen

atom wi t h absdiisélvédind sadxgngen atom or a substituent nitrogen atom or

oxygen atomw th _a substituent oxygen atom such as_ 8- hydr %éygui nol ate (1A)
and hydr oxyqui noX4¢ Shdrce(groupscag)be chosem el thabibg Aspdnaen 638 oF RAPgPtared.

b | N hi ff . azqi - : | vat
V- ST oFak G Akt R e ethp IAERIEE AN cob B rdepiaRBGpetbpffion o
(M) am ngy B%EM%hWe@éﬁoﬁ! Altciidivelyiths sufcd onbbapritel)a priteetisghdupt uent s

i ncl udi ng the and X groups are typicall ﬁ hal ogen, al kyl , al kox%,s
hal oal kyl', eshchosandrei mmovethiodeavesaugroemyhichsan bopspss-likkegh 1o genrstletvsaryl on

the (hetero)aromatic rin whj ch, 2 nodi f e em ssion, col pur .. The R
groups in f5‘1“&9‘3&450"}?56?15%95@%‘?‘,(33%%}E)a'ﬁrgﬁ%ﬁr%?rﬁfgmbg lﬁrsgﬂv?mfﬁ‘élta;?fkééf > 11‘"%8%5
are typical Ly, ak groups of 1 to 6 carbon atons, especially 1 to 4 carbon
atons such as nethyl, ethyl, propyl and butyl. The aryl groups are

typi cal )5 phenyl Theauylgrodgsavithibilealendmhata Beotypicallyberaaed, akpthalennnpl exes
with carbon_or nitrogen 25 donors such as por phyéi n 2‘-gﬂhec{Jg/l -pyridi.ne;

2-t hi enyl py birkeas, (i which(casean 35} $1AD 1 H5eseAtinthanbink beryeen adjacent branching

(ot or 5} or oRRte W PirieeR el B Y, SRARRAE AN A RO BEAERE g R
groups gi Ve'&p?xléﬁfi@te shb&iteel Saiiabnef THesdlgasilps eaiyptisasilycCessubstiteied g pickilgand
based or due to charge transfer. For the heavy d-block el enents, strong

spi n-orbit by\W® 62 alkyl @stkomgpraupsl The eyt spups at the Gpnchigs RpMEEe r api d

i nt ' d enissipon f i pl et stat . o
1 uor osctht PEr(BEBh kIR o CtEsn R HEeALE S ik sRBRAS LD oA e - "
em ssive tr itxgéﬁ;ﬁrylg:%? ThE QORGSR chf bEHi&h 20br the AiMlor&es ThitnopHoRs €

devi ces base phorescent emtters, which can harvest the triplet
excitons, have t Heispossibleitakotite] thadéctivnglifmityedfithe demdrimarhinthdaddition thased
on fluorescent emtters. The dendrﬂ;%ers can be guilt in.a convergent or

; brecad

di ver gent r ¢k eiromgpheres ahelestiEnyIthay 18 SEOUNS VASTE BRPTOPHES IR hYr ons are
ttached to th i i t:ached
aLracned + ocvii RRPAARN: e 419 A0SR nd iy Bl HREA Bl AC N

to the metal”ga o to rorm rerc me Optii onal Iy ot her

non- dendgps t itke $iegRMdBgidRRVEAD SRterdgiad iy Migthai dagibsaf this asdbthecmopifieations of
Alternatively a ligand with a suitably reactive functional group, can be
ug{q{%q

conpl exed t ¢he dendmimexs carops; foundin WEIP9 Q3% swhichielgpsare i pade.

‘functionalised dendrons. Iln.this |latter net I j ve to
have the reacti vg?’f"blng F‘B‘?fﬁ?’atﬁpgl%gfle %Oﬁehoggﬁiet %ﬁrﬁg}?r?gtah%%{e.g%ﬁégp ows the
attachment  qhAsdditRfSt IsSRERIeREon 194 spekifie@cohjagated ganlion)caibe exed to the

unconjugated. Typically such dendrons include ether-type aryl dendrons, for example




netal. A key property of the dendrons is to inpart solution processibility
to the nmetal conplex and therefore allow the formati on of good quality thin
filnme suhfGceiar use in light-emtting diodes. The dendsdi/i8edwmized

conpl exes may be honol eptic or contain nore than one type 20 of dendritic

| i gand, as di scussed above. Alternatively, the netal conplex may contain
one or preferably nore than one, e.g. 2 d$ 3, dendritic ligands plus one or
nore nondendritic ligands. For exanple, with terbiumconplexes it is

possi bl e t owhatesbenkeneaingsagy ¢onnected viandacthyendoxitlinkg If willalsbeappytciated

noi ety for ¢o exi.ng to the netal S one oy nore _col.i.gands taq.sati sf
- Theco- or di 2 WOR ERefsdntsf TiebrindeBiroR B drndref qaair et 48 g or Gifden” ¥

co-ligands | afRiEl : i ﬁf{h bhchi .
2,2 -bipyri g?ﬁ‘“ﬂ%‘n@%‘%ﬁ%non%@%%@ﬁ?ﬁ%d OE%Q@%gﬁgé lgs(rﬂlflvat I Blgg pglmt%)hétse.
- Al'so for ir nthyb@advantagdoas Sorfat Ragt@nb dusdromto beoltthe secongdemydhey, (gedératon

ligands with the third ligand a non ' dendritic phenyl pyridine |ligand. It
i s desir &bl o preyidettherequirpdsolgiongeraeRssing roegiigids is sufficient to provide

th ired sol yti i ng. ' of b1 I WO
o O S | 12 B PR ER T et B SR Bl AOiRh A U MBS
di fferent tRgidakesusflinMicdae aid 0B chRYs Bipi@lly LeRinkseat. IF atis HétilGMAinetent ur €

of all conpl’ex types. This is not necessarily di sadvantageous providing
t hat the opbneat mow eft thealehdronaishbupd conéais adgminesgset gioup. are sati sfactory.
In the case of m xed dendron conplexes it.is preferable that the ieties
forming the 5 am\g]& R COTSSORPIiSE Hipetal cation agﬁpﬂ@q%gggg@s 18 fRICAIY i | ar

bi ndi ng Gon -of| L L t 1QOLRt 8hd) ahgO Of
more dif ergzr)l{mngr?éra %@Q&aﬁﬁéﬁg@&ﬁ%&%&b& %@g-? #%E@@Ké@éaconj ugat ed

dendron. Therdeablygated: thendifarscooadindtihgoomys e nfund toa deeirornf Tybitdlhr ent
types of branching points. The surface_ groups and dendrites can be varied

so t he dendithenismineseence®if @Iﬂ dengrimenwil bierivgtfeom that porgplex.o WherEOREM  wat er

and al cohol i.c_sql S s et hanol uj t .fo ui :
processi ng if%rgﬂﬂ? é@gﬁﬁf’r 1l iag%‘{e r?%feélgﬁ%r%flp 6@‘?&&“&1@%@%@@%?& “have
been used. khigddid Edplex bea fRAI 6fidafand e 0P hopél el RdinatiMd @68psy AOKAsL 0AE
allow the formati'on of” bl ends with dendriners (organic or organonetallic),

pol ymer If mod raférablydwop mmus of the saidereursediinksing bunde addEENBRITEnvent i on
there is a bl end orescent, dengdriJrer po in n "

or ganonet al ngfﬁ%éﬁgﬁﬁg-iﬁ% TRIFY\RR ﬁEﬁniﬁgé—g‘g’%‘g% @f\ Zﬁi Q@Igéﬁé’fe‘gh"e{% pe
but a diffe : ) 0 i ¢dmehatds€ present invention
t he or ganon&?gﬁ? §§§‘§$r?§§?f9n§§1°@§%@§2??ﬁ‘%§f%8?§%§d [ nta(gésé l'ight emtting
devi ce as either Iaoheafgenefthsinvayton OOREsnay bd eprbssitechasematnipdex dithdr i mer
(organic or organonetal|i (%) pol ymer or nol ecul ar 20 conpound. In one
enbodi ment ellewiag fereulp (1Nt exanpl e that we are aware of a dblock
phosphorescent material being used as a honbgenous |ight emtting layer in
an LED. have al so found that when a phosphorescent organonetallic
dendrimer is blended with a fluoresgep-1host the em ssi on(I¥pect r um may
depend on the driving frequency of electrical pulsing. A device can be
driven by applying voltage (or current) 25 pulses with a certain duration

and period (together describing t i yLng frequency),...Wthin the.reql me
Aher ot he. dOPSEEBN dnareEl ST ToEe he i e LRI bt iis A sy el
simlar ord ' %ﬂ@ﬂp@ v @hicHendy s the he
em ssion sp c(t)%%%n%%ﬁégggges%%lét%gggo t he g?ﬁgﬁgﬁgn%g’gﬁ%ﬁng. Icn anot her

enbodi NePs , sainelvadifferent, fsevodrdifeingigroups qddarminteggeandsr 18 6 dolap integduethe sum

dendrinmer with a charge transporti-ng mategial, . WO 02/l 111&552 -13. .
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 sites on
. :
The single bond in the, or each, [X-] moiety, being a bond in which CORE



PCT/ G B(12/ 1111750 In particular it has been found that the presence of a
hol e-transporting and/or a bipolar material and/or electron transporting

mat eri al w¢§oaskéant ageous. In a further enbodi nent the bi pat-pepiBsREl al
shoul d contain carbazole units. Another enbodi ment has one or nore of each

type of charge transporting material. 5 The organonetallic dendrinmers can
be incorporated into an LED in a conventi®nal manner. In its sinplest form
an organic light emtting or electrolunm nescent device can be forned froma
| i ght emitt temginateseconnaets tv ¢ Helrdret Bveferatilykheed e tt leae $wo dendremsin aone of

whi ch nust €%%trrans arent to the em light. Such a device can have a

{t |
conventiona g chcgses insforgula (ﬁ?)a‘ﬁ%éi%%ﬁo 4B MoRs- eThepajdgfror o

t ranspar ent X | idtd pde.
For thi's: puREearERaR (Al it theithibe. teohoh @ B DENDRITE HEORILE S he
. transpar ent aslibsDENDRITEY @k definddyip featulae (MREIIDf abolé SPhedd dodingth oQirbigs
transparent _materials such as PET, can be used. The anode, which Is

general | y t NaWhgapeasent, 318 ngutesl oF ghargechehglated iganis whishars poteadeide (1 TO)
al t hough ot her, sim_l.ar,. erials,d.ncl udi L ndi um oxi de/tin oxid tin

oxi dei ant 1 oot A R BB e o eh mPleh ot g,
Conduct i ng pol yngggatie alRtdsinElie: (pol yani line) or PEDOT can al so be used.
The cathode is normally nade of a | ow work function netal or alloy such as

Al, Ca, My, Li, bnthdpie metalopduchasatériunyisamariomaeldopiimn erbibimy dyspedsidm,F.  As
is well known, 20 other | ayers may also be present, including a hole
transporti nﬂ’“Hﬁ’f“eP’i 0 Zpdi ReRAYERUBE ect ron transporting material . Wen the

transport it B ect r o W
par U1 cUlr 1y benciTarareas poday {Bhe insbudind 330 ASRSOR Mind P20 | yer

bet ween t he8d: subk aeiriditirhglatiame thodom] eseling Rethétiemetehiads scandivam
alternative configuration, the substrate nmay be an opaque nmaterial such as

si | i con andchmaiypgmanganesesirep; qobaly nickebarthcapper, 8ihosi ng el ectrode. An
advantage of the present jnventian. s, that the layer contaifpi e
denar | mer cmproero TR aEAt: ab ¥ PRib@Emabiel ith s At o FOLbT | B HBOHR i ng
techni ques gycfiin SRIiGAH:plositRh 2d, Ao, gHiRuf 934 Idluf ABufpieised Lo
deposit the dendriner Tayer. T'n a typical device a solution containing the

dendri mdi5 i sutastiplehsdY doethehinen inrparsqudarcintlude WO SRV Hal (@ESSAch ds4hlorine. For

PCT/ GB(12/ (1(1750, el ectrode | ayer, the_ solvent evaporated, _ and then
subsequent rrai}@?lsdea%mwéd&w PRE O%ﬁ}erﬁ&aﬁil%ﬂ?ég%d todhg 9’6’?"‘@ 1 Hr9fe¥agg'rﬁ RHOgHON M

preferably - i i il | be
fescri bed i TR EREa ot BaftpRl e il MBlerch P Bt
acconpanyi ng fighed Nng @gstafaefoieRample GubRituted botvubnititdd phéryh gr banaothiophere. di -

or tri-valent netals; Figure 2 shows the structure of first generation

| ant hani de Heshapldmigoshe mate that the pridise an dsebe spsiuipdndlqtunsdendrasrss of
first generation l-ar ridine.ligands; Figure 4 sh [eactiqn, scheme
For - synthos fid §peciafi Plalhlun dchfmpaIArs mirafyTodrs SARRIRe SRRy B O
the struct up@aBbd fithetnidss [pésitidn aﬁjgeﬁaﬁnylésﬁ)?fdféﬁda?] iridium(l111) conplex;
Figure 6 shows the structure of Fac tris[2-(3" -GL-phenyl)pyridine]iridium
(111) conplex; 1S '
It will 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 acfds, 1,3-diketonates, hydroxy carboxylic acids,
Schiff bases including acyl phenols and imihoacyl groups. As is known, luminescent

lanthanide metal complexes require sensitizing group(s) which have the triplet excited

energy level higher than the first excited state of the metal ion. Emission is from an f-f



Figure 7 shows the structure of Pt Gl-porphyrin dendrimer; Figure 8 shows
the structure of Pt &-porphyrin dendrinmer; Figure 9 shows structures of
Dendri ne 06‘02%}(3 Dendrirner B; Figure 10 shows film absor ppd-papePReiy a of
neat dendrimer Tilms (A, B and 12); Figure 11 shows |um nescence of filns
of dendrimer A and B doped with guest dendriner 12 in both EL and PL, a)
Blend A 12 PL excited at 320 nm(..... ) ~1PL excited at 420 nm (0) and EL (
), b) Blend of B: 12, PL excited at 320 nm(....... ), PL 20 excited at 420
nm (o) and fhngitign offthg uteeal 22d shiheemiisioetdur ds ddterised fyBhe choiesdf the0) and
bl ends under different operating conditions. Neat,K host em ssion (a), heat
guest eni sshstal(Be shagremission rEgnerally BaTqH IsRAting in 2 PHyR CHRTIATRISHOR Big TRk

steady state ( 150 nm.bl e ey re 13 shows the
EL spectra gqr ‘ﬂ%}) F%nofartglh die %@yégglﬁwégt%ﬁs leﬁ]@ci‘;og%géij spect rum of
12 conpar edpf gy h&%séhcéﬁﬁéafsdt&mapﬁeﬁ@é\ﬁﬁb@ﬁé y ded-beftigher ehah Fosthgdssscant’ eact i on
schene for Phe synt hesi's the (Appy)2 btplr(lIl) dendrinmer. Figure 16

shows a rSeasgstams.scheme for the synt hesi s of

tri b | - chl 3,S-[4 | h h h t hroli
hentum W0 (3ot etsspn EOm B R A AP TSR BRI cact | on
scheme for the syfLRgsis ﬁ)ncgolc}ullfl f%i{g{ﬁ‘?edﬁﬁgnrﬁé h %oﬁléhﬁlaQWell%ﬂﬁﬂlétgpﬁds

Flgure 18 shows a reac I on ynt esl s of

tris(4-(3", &idéliande of (uﬂnneseérhydwhﬁwléomaym@mme}al cambkexed 3tk khoyhend hjweni ne.
Ref er ence Exarrpl e 1l GO Br gz - Et hyl hexyl oxy) phenyl br om de Soqdl um
hydri de (60%¢eh @qmrs‘tr@wdnmommchg t emigting/cyiaepnby e? énrs MRk RYBol4] ons to

a 10 col t 9 I B dry
ovF (7ot IARE N R el MR0BL U A BRI RS ke i) A B el Y
I ce bath wag,lgp ;f&lﬂen‘t\n?e@dw&legﬂom irPFi gh&yﬂ lﬂ@ywh&lﬁm:dﬁm%(l)é gcw@th 306
nmmol) in 150 cnB8 o was added dropwi se through an addition funnel
to the reac towgemmbgereom@gemexyga(dbmﬁmg\mns tgﬁmrelély ating oifragee AT Withr e
overni ght (21 ). The resultant m xture was with 15 wat er (400 cnB)

and et her (3GUb¥Hpgnt O’FY\%entf\f\%n’p?{é’ssé‘ StWé"r”é“%’ﬁﬁ?ﬁoérblor Qﬁ%’ge%ﬁ'ﬁgb\ﬁ"é Fayer was
t ted h
oxt 1 act o e o fdAEbytatn biotd IR B- s BRI o RO DRy bR L e

col | ect efs arp), ey-a ﬁyl%ihzb(mtﬁﬁndlmdwqﬂd, hmhmluseﬂlf)psdhffﬁbaeyé‘ﬂ ogpinddles Col urm

chr omat ography over silica gel (half anount each tine) with % cl%etrol eum
as el uent af(f‘b)r dbmm.ne dsrivativgs (\Frod-hydsoxdlayeneiile gad %ﬂfboxyhc aclds su

Ve Coct3) gk Q) g CHEORUES Pl ghf e oy AT PR RRG D

H, a{;pﬁ%) SAk{12alkb Bakdyl,
7 33 7022) (gnﬂgdl%g%%r%%nm%oﬁ %ﬁsl)ya%g@n , i 121, x%aoéwzjscgng 1

30.4, 39.3, affind,aniide, smlfomlalﬁcasbcfmm or Apigrongyd OBthQGICRéf?)éW@%?@é rmgs e

GO SnBuz_(R2) 1- ~E -4~

05 cocscad basrroe Gaterpigomaor gt Kgopps T iphpiiag Fia YR Sﬁﬁ%q@rﬁékﬁob 5
Solul i on_of B THE %‘9?%%"15435?@"%%%*&&“’“"’ B e

at rospher e. 13aaafiontaioias Wit as miethydcethgl, profylGnfibuty?. Fhaal gmupmafsayg;pagm n

chloride (10 cnB, 36.8 nmol) was added dropwi se over S mn to the m xture,
whi ch was phenyl groups.

The d-block metals form organometallic complexes with carbon or nitrogen

25  donors such as porphyrin, 2-phenyl-pyridine, 2-thienylpyridine, benzo(h)quinoline, 2-
- phenylbenzoxazole, 2-phenylbenzothiazole or 2-pyridylthianaphthene and
iminobenzenes. The (hetero)aromatic rings can be substituted for exaﬁlple as for the R
and X groups given above. The emission of d-block complexes can be either ligand

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



S stirred at -78 Cfor 1 h before being renoved fromthe dry-ice/acetone
bath. The m xture was stirred at roomtenperature for a further 3 h before
bei ng qugﬂg g‘q{( 2th 10% of NH4C (aq) (20 cnB). The aqueousct/aBesIVEE
separated and extracted with DCM (2 x 10 cnB). The dichl or onet hane (DCM
extracts and the ether portion were then dried (MyS04) and filtered. The
sol vents were renoved conpletely. Kugol rolv distillation 10 renoved the
excess tri-n-butyl tin chloride to leave 1.2.0 g (99% of R2 as a light
yellow oil ;¢ %_gi(a@b%k id fiteraysTent sfodsiBgrand dmivsibn @) tripletdta®B4sh ( 660) ;
8r. (200 Mz; 1-1.09 (1 SH m M), | .21-1.81 (27 H m CH &
cH, 3. 84([(t®sphormcemem—|2) 6.91 (2 H m ArH), and 7.36 (2 H m ArH. 1
S Reference Exa
Di[4 -(2"-ethylh ﬁ}l%ff%eﬁhﬁlﬁi}fﬁl‘b@ﬁ‘ieB%V&“ees NBERogFcitonsform fn the nog: > (8. s0
.g, 17.2 mm f18hPem#sidd. Mol ), 20 Cul (790
my, 4.15 SS@F%‘E%%@?? ?ﬁﬁé%*??%ﬂﬁ%‘fyﬂ"e)‘%pa| adium (0) (790 mg. 0. 684
ol ) anq 20 cnﬁmhcdd@mdslbasbdtdn ];dtobph(meﬂcem enrters,culicl ca haregst the triplet 14 h

under argon. The reaction m xture owed to coo

through a pltgjtans, have thepqiential igr ygp %&% 1Y th&ﬂd@‘”lcfﬁd? fgn @ngesceng

col l ected and. he sol vent was conpletely renoved to yield a brown yeI | ow
oil. The regindl Swas purified by columm chromat ography over 2S silica using

ethyl acetate-|i gihe JR84MAEREEN HOUiliA akodtbrgas oeﬂweryemtmum b aR®nmergant
colourless oil (1.91 g, 83%; vmax/cm1l (neat) 1700 (C=O; -~. rraégé%agc:l 2)/ nm
247 ( s/ dnBrubute i prefeptdsThushad¢RiySsAye atmheds pappreariafe ligand

o Ui g stbsgatinty affgsbe o the et Sabon s 1B hHop i mety Sotniell, (214

4 H A IR 6o 40d tSm l i H,
i 80( 16?%35”%%&%&? d%l'f%gf'gdsg%n(fﬁb > ué}ﬂy%@t?c 0.5 30 4@ 0.6,

115 0, 126. QA ltekrdivaly 4 Barfd, witlBd ssitablsBiEadive famtinaligoumcandhecommiexsd tothe
CI(NHB)] 533 (MNH4+)  and 515 (M), 5 Met B.(213 ny,
E) 8(51 rrzr]ol) ma;laom arzdrtbmﬁzéwé@w}a@w% r@nctwnéﬁﬁﬁrgﬁﬁﬁ#')"ns hn fif} thefet> ™

tetrak t

NSZESSI(Z((J)“rBWEn%rW?OﬁEgﬁf%Q%E lﬁa& l%Q%tvﬁuene ??%%m%gs%%g%@ggg and
heated ajsr &fifous tﬁé’\éﬁé&h&@mbﬁtdéna@ﬁp&r @tmmu @bt ABofhe lipatels camplened trthe8 h.
The m xture was allowed to cool. Water (4 cnB) and et her E‘é’%ﬂ \)hemrgl added

to the m xt unetal. Th&ey pmppﬁa@éﬁle\&bn@rosépéﬁ amwt SU"H@WQ%

t ted th eth nB3 h t
ver e conbi neonaer 4 Wb Alam AR R st g Bl PR W‘ﬁ%?? “The

sol vents wer h?%g}% %W enoved. The residue was purified by colum
chr onmat ograp]%/ r Sl |ca gel using light petroleum (60-80 C) as el uent
to 9' ve 172 ng (9Dl%d@i‘dnﬁ3 neetal@omplexes ey be bomolepti¢ er eOntain MEEGHKRR oBe BPCB 2

20 4-(2' - Ethyl hexyl o henyl boroni c acjd Tert: byt t hi 660
cns, (112 Z&nn(%/ﬁdengétl%tgé@gi éﬁglé‘F‘%?Pq‘XAbPBe a&lﬁ%llﬂ“’(ah'r% 7t§llc°é)Pif? 28 %’%’f ﬁ% Sol uti on

f GO-B 0
ot mospher o, StrrrsterPD Gl Bin ohd g of TradtrBe Ly phus bl sk nay B 0on
borate (57. 25&{iBitic $igandsTPbo eﬂéﬁ@l@dﬂﬂﬁeﬂﬁtﬁmﬁcympbxbm1msﬁibmmh@“'eethfeﬁhe

reaction 25 was stirred at -78 C for 2 h before bei ng ermve tnf[the
dry-i cel acet derelrifiafigandsitermingting ia agasbaxplate Wik B%t? g}?‘dﬁ? ALRIPE for

further 2.5 Qnebc?rfr%r% ct()) 1ig£].r(1;’ds 5 Sa f:s?yeﬁ!xe co-ordination sphere of the metal cation. Suitable
25 neutral co-ligands include 1,10-phenanthroline, Bathophenanthroline, 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 ligand. It is desirable that the number of dendritic ligands is

sufficient to provide the required solution processing. In the case of the dendritic metal



with 3 MHO (agl (30 cnB). The two | ayers were separated. The aqueous | ayer
was extracted with DCM (3 x 30 cnB). The organic |ayer and the DCM extracts
wer e V‘@é’%o‘o%i s52 -18 rcT/csn2/ 11 uoso conbined and drpegcaygso;anhydrous
magnesi u urtate, filtered and the solvents were conpletely renoved.
Purification by columm chromatography over silica gel using ethyl
acetate-light petroleum (1:10), and thenrl®thyl acetate-DCM (0:1 to 1:3) as
el uent gave two nmj or bands; |ess polar conmpound 4A, 6.44 g as a col ourl ess
oi | ; (err) H@apleMzwhére @HSNgdhd8 bre iffereftGhdinethod ME prepira?idn af Ziebridd, tom
CHz), 1.68-1.88 (1 H m CH, 3.91 (2 H_m ArCCHz), 6.98 (2 H m ArH),
_and 7.77 (2abfatistical mixipre efradl epanlexoypes: Thisdoneiaisaessarily disedyantageesss 8. 40 g as

1 ourLEss Sl B S, o) Bt B e B0,
- ArH), and 8.4 drtikkd B3nddBompiCxd¥at 18 preférhbie ihf HAAURHeIdRmg4Re can be used

in the reaction to formthe next generation dendrons. In either case of 4A
or 4B beisngatiadtiment pointtometakare ofl ther satmeros have sitmélad binfjivg cohsiditsl I he case

47 e oS T e A
2cl 9 18 1T 3 s Wbl L EORUF R b4 38 S

Na2C03( aq) h&ﬁxb@ﬁ&)diff&eﬂ‘tygé@om&)chafgcboﬁxﬁh.uene (43 cnB) was degassed and

heated at 20 reflux (with bath tenperature of 101 C) under argon faox, 22 h.
The mi xture was dhesweddce growpsaind dppdrites ¢apdbeciasipd ao theslepdrimers age sofuble ier e

added to, the m xture, The t ases r epar at e The was
extract elf mF?]We‘étP’hsé‘Fhf%P‘ﬁu%%’ﬁ‘E)Wat?ﬁa\g‘%oaﬁﬁozlﬂﬁ%S@X‘ffﬂ? Sl%fﬁ Sg%g%glp ggélﬁée@ racts
vere conbi nggd: 0 doHfibE PrR¥RInABEMANRYE cHEIBE aptAllS tblifl endaiflody gbaped. The
sol vents were conpletely renoved. The residué was purified by 25 colum

chr omat ogr aphaye bacarussd.|Ineddigieh, the cingcd ofglendpatandloe surface grap cap adewdheient t o
give 6.04 g (749 of RS as . a colourless ail; 8H(200 J\{Hi; g}DClB 0.82:1.02
(12 H, m fopetionsf blesdswithsiendumers {qrganie op orepgomeipliic), pofymer o mojesulgr

CH2), 1.70-1,83 (2,H, e A kR 964 H,

Ar H§ 7.54 {cﬁg’ﬂ?grr‘r‘%s' /}\Pﬁ}’? g’é’ﬁ%&g&e&@f(@gﬁfeéeﬁ’%m@ i z F?/Ab?e[’)ﬁ% ]% f%ee (MT). In
addi tioms9 éﬂo?of&%nt@%ndrhﬁeﬁﬁds&sﬁiﬂ & bigah@detalitporswhdasdendimeowhichss oi |
was isol ated; 8H(200 MHz; CDC13) 0.82-1.02 (18 H m M), 1.25-1.63 (24 H,

m CH2): | . 70sse8®s (B samendendran typs b a(diffesentgorear OCH2), 7.01 {6 H, m ArH),

7.62 (6 H m ArH), and 7.65 (3 H, s rH): mz PCl, * 2 (N .

Ref er ence Exanpl g@"é@’-‘%ﬁ% %Cﬁ‘grt@? IP;%?’W “fvie{‘ﬁ?rhqr%e%)r%?”fm I o cns,
5.15 mol ) T - B8 d¥)eithed alhdrRdentorrl

brom de R5 \(Q%ﬁ%%qgle&?? .B%fﬁcrr(ﬁgéln‘)ateiﬁgﬁ%g 1@3&8@%{3{1% h?/dr ouse_1 THF unrgdtsagr a? goﬁ}ker

at nospher e. oFfhe abemdtwitnamithdrdesdrimérnrganig or organdmetallicyetil whersr soplecay
stirred at -78 Cfor_1 h. Tri-n-butyl bo a%_e %5.2 Cﬁ:}‘t 19. 3 mml{\é}@s added
slow y t&0t empoxpd: In eneembndimpent we ShWiae ity pqmap]e that WereaWgie 032 (= hot o o

being 1 emv%@oéﬁ@@%&%?z@% rﬁ?ﬁeﬁﬁq{eﬁ@ﬁfes?&‘gs- %ﬁé}lﬁ%%eﬁeﬁs ﬁ%lﬁkﬁfiﬁiﬂm& [ah

stirred at room erature for fur ore Dbeing.quenched with 3

M HCl (aq) ( LEDBWe Hite dissfobayBaswher eplsephsrascedt orginzalio dendrimyeziis was
extracted with DCM (3 x 5 cnB). The organic |ayer and the D%g/lextracts wer e
dried over aiéndsdovith arflyeresdenihast thesmissignrpeetrdre may deped Quing dHV B er e

letely d. ificatj i | . Si
oetat e | gty it Pl oty B o Sk il by BB RGNS o)
el uent gQ; 5|;fn1§§ uﬂth(a?@é’&ai@%ura@o@&@pe@i%mgétﬁéxsass&ﬁbingne d&ivingcfretuenef). R6 has

not been y determ ned however can be used to form hi gher generation
dendrons i n Withid the mégiyieotittre fRefdoratios end/rupgsiod of the putsesjare on ¢ 3 in
‘Figure 91

similar order of magnitude to the phosphorescence decay lifetime then the emission
spectrum may be sensitive to the driving frequency. ‘In another embodiment, it has been

found that it is advantageous to blend the dendrimer with a charge transporting material.



25 Potassiumtert-butoxide (122 ng, 1.09 mmvl) was added to a solution of
[ G 3] Phosphonate Reference Exanple 7A (551 ng, 0.218 nmol) and Reference
Exanpl e %V(ﬁg’f}()(»%%{fg’ 0.054 mol) in dry tetrahydrofuran (1lpc-fBoaifAsheated
at reflux for approximately 21.5 h under argon and then the sol vent was
renmoved. Dichl oronet hane WO 02/ (1 (SS2 -20 PCT/ GB(12/11117s11 (50 nL) was
added and the organic | ayer was washed wi3h water (50 nlL) and brine (50
m.), dried over anhydrous sodiumsulfate, filtered, and the solvent renoved
to |l eave a Kepdravalaokt hak bekh €ourrishatube pserdt bf & Roletirdnepdating hnd/drya bipblarm
chromat ogr aphy over silica. Wen a dichloronethane/light petroleum m xture
(1.5: 3.5 t omatesipl ppciongledrondraapppsting mawrighiglafvaygggars. dn ereatbedingnt coul d
be isol ated ~ 90 .. .;The remaj ni ng_ I npur e t eri al = 26 and .
Codine. (17t Reiioh oyl ER Sipaplls e BribkEembodirrihl She i ea at
. reflux for : \; d the residue purified by

col um chroﬁn%)%ogﬁ%agﬁgy%%\c};ﬁﬁgggfﬁgsﬁgg grﬁgajtegiﬁlchl or onet hane/ | i ght petrol eum
m xture (@l .5: 3. 5The o¥adpmatnlli derdtimersivan baiincofpoaated omo maEEBDahlaect ed and t he

sol vent renoved. ;-The residue 10 was conbined with the first fraction of
pure nat er i apnvestipnal @apner Agdts signples dgrm, gy opgsgicight eMitREOT Cal cd f ox

C594H687N: - 91. 0. a8, : : . : i KB
v oK) rom 1 SlgeBoipindspertyictbar betorhOl B ke erlfing faver Snghlidued ML I
5.52), 323 (Efen twe dleshodR; A4dastrt cfdhiébmbi&)be tHspDEnt Mrithe eGIXTdB)ight] . 40

(432 H s, t Bu), 7.03-7.37 (96 H, cv H G1vinyl H G2 vinyl Hand G3
vinyl H), 7Sudhadevize sm have (aconpentipraBBrangemend)comprisipg@imnsparepy substgtes  sp
H, 7.45(48 H d, J= 1.5 's 7.59 .and 7.6 12 H, . BB p :

D s 7 ena et Rolhiants 2 NgBBinfinlabd ppdnratelibotP ER s 4,
and .~ = 8. | Batdri e dsel typically, the tr t substrat
5-Di[4' - (2" ggﬁjﬁ% ﬁrg;ﬁfx gﬁ%)rgﬂé?]%%)f%e%zoi C glé?sd y|§1%ahP'0r grrea{l?]pg]eél EI%)CS:I\/)r?l e( 0.8
cnB), a sol Wyiepts topichlemaliclenylas abthowdf ethartrasiarentmateri(s Sich as PET, can be
5-di[4' - (2"-ethyl hexyl oxy) pheny] benzal dehyde) (515 ng, 1.00 nmmol) in 5 cnB
of DCM and t84% a- n- but yl anoni um bromi de (64 ng, 0.200 nmol) were added
sequentially 25 a.c - 1ce- ] f 4 ;g ifmol ),
NaOH (20 ng, 0.5 i€ 0?%’%%%%%%% {g%ﬁ%\’%&{elgﬁ’ %pf e (r%lﬁ,xl%lég%ﬁsmﬁlgé}n%ﬁgﬁl stirred
at 0-2 Q4 olpxiR (ITO) afibuh 6theptindiRPMatetiaRandbding ifdhim anideftiroxide, linbef or e

bei ng quenched with acetic acid (31 drops). The m xture was passed through
a smal | pl ugxiste/antimong, zine hxidemMuminumgald sndplatingna can also bowsed. Sjondugting,
PCT/ GB021 11 U7S(1 -21 as el ts. The fi e s col | ected and the

sol vent s WeIP@Fy F%Sﬁ@ﬁ@@@a@@e@m%@aﬁ@ew “purified by colum
chr omat ogr aphy OVi§f. BiHddE® @ftnalth hadebiY lovReBHAkBERSIMBGES! BlogGleh 40AL: O t O
1:4:0.01) as eluent to give 4S8 ng (86% of 1 as a yellow sh solid; np 10S
C ( }:ound: (cc;a, K?g,z;i, dﬂ,l\(/IgAVor dﬁiﬁhﬂlﬁ)(@ﬁithaqa';lc;liﬁendt,lay%@g/ﬂaiﬂ.—l, A|sis7wela knagwn, )
vmax/cm 1l (neat) 1687 (C=0); 7~max(CH2Cl 2)/nm 231 nBrol - 1cm 1 27864),
271 (42030) othesdpyspsrmegalyg 9pm8ﬁmw°¥vﬂﬁkgaém§?lse9é@gﬂ%%m(‘ﬁ&9f% Me) |
1.35-1.63 (1

7155, (3 il ip bl Wl b P Qe nite D)

H br s, Arldeen ffdadhhdiat isgbﬁi%maﬁsi)obnﬁlclaﬂ@o Mz a KIDEbRkihg/electran-trhnsp@Bting
23.9, 29.1, 30.S, 39.4, 70.6, 9372, 114.9, 126.6, 10 128.2, 130.3, 132.2,
141 . 8, 159. dayeahetviceg theslightiemittiog drpdimerdayer enhihe-cpthodedlnsamaliemaive x anpl e
2

configuration, the substrate may be an opaque material such as silicon and the light is
25 emitted through the opposing electrode.
An advantage of the present invention is that the layer containing the dendrimer
can be deposited from solution. Conventional solution processing techniques such as

spin coating, printing, and dip-coating can be used to deposit the dendrimer layer. Ina

typical device a solution containing the dendrimer is applied over the transparent



G-COOEu (2) 1 S Europium 3,5-Di[4'-(2"-ethyl hexyl oxy) phenyl | benzoate A

m xture of GL-COOH (1) (SO0 ng, 0.942 nmmo), freshly dried Eu(QAc)3~3H20
(70 C, Owé)?%@(r(,@verm ght) (103 ng, 0.314 mmol) and 28 cngcpteehémspbenzene
was heate ath tenperature 70-7S C) under reduced pressure (water
aspirator). The solvent was renoved slowy over 1.S h and the residue was
evapor at ed under vacuumto |eave a pale-PB yellow oil. The oil was then
triturate with MeOH to | eave a light yellow solid. The solid was then dried
over vacuurrel{eé)t;&lermﬁe*r muedshvblghtv@drﬂe@iané tﬁ&ub@qﬁéxﬁﬂ&germppdﬁed{eﬁ‘h@ﬁlmh solid
of eur opi um conpl ex Found: C, 71.7; for ClO05HL135EuCl2 requires
C, 72.4; H, tmcl@e%lsmc d@m@é@@@n;mq@rab@sleé? than 260nmy meregrafprably 3y / nm
(thin film 8, and 328. 25 Exanple 3 A-COO-Th (3) Terbium 3,5

D[4 -(2" -e%%@}rﬂexyl oxyl phenyl ] benzoat e WO 02/111C~~2 -22 PCTI

GBI 12/1107; 11 A 'I‘hélrWeﬁtl&{ wibl b §dsttitiel)in ROk diEple OwRiIRR fEIIW, witH re@sbilae tlr | ed
Tb(OAc) 33H20 (70-C, 0.5 nbar overnight) ( 105 ng, 0.314 mml) and 28 cnB of
chl orobeﬁzeﬁmamnpwamwdr@mnghwkerqnerature 70-75 C) under reduced pressure
(water aspipator t he solv noved over | .5 h and

Lo res: dneF i bibet odneyRaamets fioaveo s tae i@ ol ow o1 The of
was then tr The solid was
then dried ‘ﬁq e?ﬁ\%%%%ezﬁ lg fﬁ%é‘:t‘?% g?%?%% ﬁth%ﬁg%géhgﬁﬁérg -00% of a
yel I ow sh SPiT%)u@e 9khdviea etastisreheine b symhesmof aixst gene(rﬁmmlwary(perMGmgahﬁs 7.6.
for ClO5H135Tb012 requires C, 72.1; H 7.8 %tfor Cl105H, 37Th013 requires C,
70 . 4: H 7. Bigare 4 shews mreaction ssheme fyr symidesiaptirisBa(Anpyrdinadingdium (BBedur e f or
the co exatlo of co-ligands with GL-COO Ln (can be used for Eu & Th) A
m xture ropi um conplex 2 (6.0 ng, 0.003 mol ), 2,2'-bipyridyl (0.5
mg, 0.003 n@f?éuré 53R6wOHe s&ISuRfoftFak wpr;-(ma@@he ;;1)@?@9&]1&&1@ (I} Corgipler; @

cl ear/ honogeneous 15 solution. The solution was tered through a cotton
wool bef or e Fimira § shpwsithesttiereaf Fac MZ-(& @umhcnsd)perrldme]nadm@ £@APlE’; sec;

Gl- COO- Eu~2, 2' -dipyrid max/ nm (.t hi 268, and 329;
Gl- COOEu~4FllgufEI| sﬁmﬁwﬁwﬂrﬁo}%ﬁf Qﬂdﬁﬁ’fﬁnm (thin film 268, and

327; Gl- di - N-oxi de; ~max/ nm

(t hin fil mc%ggg%hélwﬁg{ei@%ﬁéﬁ%@&gnﬁﬁ ngﬂglﬁt hroline; ~max/ nm (thin
film 268 #erdd%hos dréda@esdf Derinih dnant Derahinte B;N- oxi de; ~, max/nm (thin
film 268, and 3 29; Gl- COO Eubat hocuproin; ~ max/nm (thin fi] 271, and
329: Gl- COOFigyura 10 'shews film abs@mtwmspe@r&qﬁnsgftrdeaglmmei ﬁkmscﬁéha?eanﬂ x/ nm (thin
film 267, GOOTb I (thin
film 270, ﬁ%}‘rﬁgéfﬁ@fs ﬁsﬁerfcfgf%[ﬂ%ﬁ}; 181%# EIr?l‘ednﬁl- 0X WI rfcelgl{(n/ nm (thin
film 270, QRHd34Er 12 in both EL and PL, a) Blend A:12 PL excited at 320 nm( ..... ), PL excited

at 420 nm (o) and EL (——), b) Blend of B : 12, PL excited at 320 nm (.......), PL

20 excited at 420 nm (°) and EL (——);

Figure 12 shows EL spectra of host (B), guest (10) and blends under different operating
conditions. Neat host emission (a), neat guest emission (b), 200 nm blend device pulsed
(c), 200 nm blend device steady state (d) 150 nm blend device steady state (¢);

Figure 13 shows the EL spectra of dendrimers 10 and 11; .

25 Figure 14 shows the PL spectrum of 12 compared to the EL spectrum of dendrimer 13.
Figure 15 shows a reaction scheme for the synthesis of the (G1ppy), btpIr(Ill)
dendrimer.

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

ethylhexyloxy)phenyl]phenyl} phenanthroline rhenium.



Gl- COO Tb~bat hocuproin; ~, max/nm (thin filn) 270, and 329. WO 112/ UCGS; 2
-23 Exanple 4 2-(4'-BrPh)PY 2-(4'-Bronopheny) pyridi ne PCT/GB02/(11175(1 5 A
mxture Qfqdzdeeyyopyridine (1.22 g, 7.69 nmol), 4-bronmophegyicBeransc acid
(2.00 g, 1%(5 mol ), tetrakis(triphenyl phosphine) palladium (0) (622 ng,
0.538 mmol ), 2 M Na2C03(aq) (8 cnB), EtOH (8 cnB) and toluene (22 cnB) was
degassed and then heated at reflux (withlfpath tenperature 105 C) under
argon for 17 h. The reaction was allowed to cool. Water ( 10 cnB) and et her
( 10 cnB) weignratlisitbvisoe tehetionm sxhemefor Theesyhthesip lof descomrdegeheratiepar at ed. The
aqueous | ayer was _extracted with ether (3 x 10 cnB). The organic | ayer and
the et her estylpigidinedigaddsonbi ned, washed with brine (1 x 30 cnB) and dried
over anhydr gus esi um sul f at The ;S0 apl gl yokenoved. The
resi due msﬁiﬁWW§ %syarce%#{?r’?%c@?{rrl% tt%eggry\ép ;S/ﬁg\féﬁisi ?-ﬁgg@ggﬂ$u)s(’|2ng | i ght
- petrol eum ( heh M RarbaRd h&é%anﬁﬁeA as a colourless solid as the
desired prog%gg{;ex%x%% C;})r{}e%f (E y%p 15 Butterworth, I. M Heibron and D. H
Hey, J. Ghem Soc., 1940, 355) 8H(200 MHz; CDC13) 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 (135,1‘9—'%%%'H NVR is simlar to the reported by M A

CGutierrez, 0-Br ( one, J. Selbin, J. Oganonet. Chem, 1980, 202, 341
350 20 Exa {4’ -d-Ph)Py 2-,~,~ 3" 5"-Di

[4"' - (2"" - eylypl-Belirek oo bibptiény! ] phenyl I nyridine A mixture of the
boroni c conmpound of Reference Exa (1.18 2.22 25 mol),

le 6: (4 -BX2 b s
2- (4" - br onoSadiwn hydridedph% d(isng@imgi?l oﬁl, -}1.4(@?,63; pm)ml) was add%d in portions to a

tetrakisf(iriphenyl sphi.ne I ' : I

Nazos - COREREHEDBRRb ARG P f 283 TnoB it EY YR 80 &, 1 o
t hen heat ed 1 i@fdrb!¥vab Wirkdll DM tdrRFBRALRIGF 8 hohd HiSice bR WARtbYdd, A2 - 24
PCT/ G BU2/ WO/s0O C) under argon for 16 h. The m xture was allowed to cool

and then di lsohion of 2etlvyabexyibramizie®$4.4 oth’ s106enmob is A8) confpEdmyidMBHEases wer e
separated. The aqueous | ayer vvaqsdéextxg‘&gt ed with ether

3 x,10 ¢ . .Ihe
organi ¢ | ay@ddeddroppisedbiough as pqdiionsupasldo theispchog %H’(’ﬁ??%é*%‘?ﬁgﬁg’%&ﬁ%r ous
sodi um sul f al.e. 0 AR &) GIBAPYSehule Qv Bl witl) Of
crude pr Odu%{ﬁeq_%@%@gt{eﬁ%gfavﬁgé‘@%%ﬁgﬁ@éq{%;e,'f%eoﬁ%arm chromat ogr aphy over
silica gpd wadterg4e0 biP) adetirt ¢500i @iy, Thettwolphases (Wird sdparated. T0) aqusous lagent t o
give 1.04 g (9 5% of 5 as a white solid; (Found: C, 84.].#;)ﬁ|-&1 8.3, N 2. 3.
CA5HsSNO3 r ewpsiextsactesl wath egher (3 x 300 cm) and thegreanic paranand ihe ¢her s g6
8H(400 MHz; CDC13),0.891.0 1 '

1971, 8 ( 29 Sk Bigt any b HaSOu G eyt Gt dflchiog g CHipbrgied
7.25-7.28 ( yhdbh refhcddPibssuré 16 Raté yéliowbil ACShimn ehvdmakodibphy over silica gel (half
amount each time) with light petroleum as eluent afforded R1 (54.1 g, 67%) as
20 colourless oil; A, (CH,Cl)/nm 284 (¢/dm’mol'em 1251), and 291sh (1001); 84(400
MHz; CDCl,) 0.83-0.97 (6 H, m, Me), 1.30-1.57 (8 H, m, CHy), 1.68-1.79 (1 H, m, CH),
3.78-3.84 (2 H, m, ArOCH,), 6.74-6.80 (2 H, m, ArH), and 7.33-7.40 (2 H, m, ArH);
8.(100 MHz; 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 Example 2
.G0-SnBu, (R2)
1-( 2'-Ethylhéxyloxy )-4-(tri-n-butyl)stannylbenzene



(7H m ArH& PyH), 815 (2 H m ArH, and 8.76 (1 H m PyH; 8(101 Miz;
CDC13) 11.1, 14.1, 23.1, 23.9, 29.1, 30.5, 39.4, 70.5, 114.8, 120.5, 122.2,
124. 3, 1%@082/061 25h 7, 128.3, 133.4, 136.8, 138.4, 141.6, 1pdr/@Boddi2si,

149.7, 157.0, {55 2, mz [APCI +] 640 (Mt). 15 Exanple 6 2-(3'-BrPh)Py

2- (3' - Bronopheny) pyridine 20 A m xture of 2-bronopyridine (2.40 g, 15.3"
mol ), 3-bronophenyl boronic acid (4.00 g}{6-19.9 nmol),

tetraki s(triphenyl phosphine) palladium{0) ( 1.24 g, 1.07 mmol), 2 M
Na2C03(aq) (bA-bued NithifraQH. 76 2 L.A8M> 2368 tmhalpwes gdied sloBily waer 1@aniade edolhd

heat ed at fl ith bath te t 106 _C f < h. Th

Feacti on waGIHISRIREPTE SR Vo ph PRSI SL0R ERRAT BT T gi ve
|l ' ' - il ut ' : d

tner (20 oHEget g b SpelC A bt Sy MR oL BB A S

- extracted Wehidrigk (B chB 36.8kBmeyHas adlal @bgwize overey/min @ithe el Whichexdsr act s
were conbi ned and dried over anhydrous sodium sul fate, The solvents were

conpl et elsy stmredatc78 &C feml/k beferabeingweyoved fronmthe dai-ice(aseiopt bty by col um
h t h il | i thyl t - L . 0:1t

TT0) e e ey ey et sy gt 0% SEEE! Shtekird BrinB Shbn& B, o

M, CDC13) 4 9/4%' 1\711342’(9(55 iZ(H?mm Tlie{ﬁu?o@fl'{gqr w@s%@p(a&éted"&nd@xt{éﬁé&l with M2 8 5

(2 H m Py 8.19 1H m AH, and 8.71 ( 1
H m PyH). xTHteemd) ThElitlsosinmsthae (DEM)extraeipand the ether porticarvegethesiduied, V.
Beverwi j k, A 10 Termaten, F. Bickel haupt, H. Koof %THQ@A f]_r StB&Itc

O ganoni et al(MaS9,) aisbiltered. Thegolvents xsre Tempxae cempletely. kugokohiistilateg

2- (3" -{3'.5"-Di[4' -(2""-et hy] avl . bR ABlody -
it ur e B eHEoe bR Eoest i cRIDP R R PO BOIBI PR MU gt ot
0. 858 mmol ), :25 ( 3rcppk gmh {fH e 846h BP0 MHz; CDCI

t et r aki s(tri%’h%ﬁ?ﬁcplﬁzgg hi n@%%ﬁ%@u%(%@%ggmm, %z%l), 2 M )
Na2003(aq) ((0812199%)5 HEROM)01.71-4183)(2AEY ni, @Hyebh €H)23 842l magOgdhaHsYd and
heated at reflux (with bath tenperature of 103 C) 20 under argon for 17 h.
The ni xt ur e (25 my Adieand 53¢ 6bH, @ndBhssed through a plug of silica gel
using ether as eluent. The filtrate was collected and the solvents were
conpletely renoved to | eave an orange oil. The oil was purified by col um
chromat ogs a bl gel using ethyl acetate-light petroleum (0:1 to
1: 10) as’e| e RulRE Ephd e SS2 -26 PCT/ GB112/0117all to give 362 ng
(86% of 7 aG1LHWOI@MI|ess oil; (Found: C 84.2; H 8.5 N 2.2. CASHssSNOz
requires C, 84.5; L 8.4 N, 2.21(1’ X ~,mafé/n (thin film 270; SH(400 MHz;
CDC13) 0. 9013 hythexloxy)phenyllbe 4 m CH2), 1.79-1.86 (2 H m
CH), 3.95 ( JArOCH2), 7.06 (4 H m ArH), 7.23-7.31 (1 H m PyH,
7.62 (1 H, e&?%f; 7.68 (4 H 5m AH, 7.75-7.88 {6 H m PyH & ArH),
8.05 (1 H, A mitkitre oBRE (8.60 gHl7.2mnAvl)3,5-dirbromobenzaldehyde (1.18 g, 4.47 mmol),

20 Cul (790 mg, 4.15 mmol), tetrakis(triphenylphosphine) palladium (0) (790 mg, 0.684 -

mmol) and 20 cm® of distilled friethylamine was heated at reflux for 14 h under argon.
The reaction mixture Was allowed to cool and theﬁ 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 give R3 as a

colourless oil (1.91 g, 83%); Vpe/cm (neat) 1700 (C=0); Amax(CH,Cly)/nm 247
(e/dm’mol'cm! 22406), 274 (27554), and 339sh (1817); §,,(400 MHz; CDCl,) 0.88-1.01
(12 H, m, Me), 1.30-1.61 (16 ﬂ, m, CH,), 1.73-1.84 2 H, m, CH), 3.94 (4 H, m,



8.77 (1 H m PyH; 8(101 MHz; CDC13) 11.5, 14.1, 23al, 23.8, 29.1, 30.5,
39.4, 70.5, 114.8, 120.8, 122.3, 124.3, 124.5, 126.0, 128.0, 128.3, 129.2,
133. 4, 136 thiodes40- 0, 141.94, 141.97, 142.1, 149.7, |57. dpcieBorenrand
164.3 m2 | ABd +] 640 {M+). 10 Exanple 8 (2-PhPy112-(3' -BrPhlPyl,Ir

(2- Phenyl pyridine) 1-bis[2-(3 -bronophenyllpyridinel iridium(lll) A

m xture of the 2-(3'-bronophenyl)pyridi ré7{367 ng, 1.57 mmol), iridium
chloride trihydrate (124 ng, 0.352 muol), HBO (3.0 cnB) and 2- et hoxyet hanol
(10 cnB) waaArOEH,RJ. W4 (HhahhAHBNPED &4 H; a1, AYRD, 199 (ridss, AaHyandfl6r13Z8 Hy s,
before being cooled. A bright yellow solid precipitated fromthe m xture.
The solid wa¥O); be@pe N HugIMel) Wi.1,H4d528 df 2E0.39.1,30.5 A8), &ha, d5ikd264, gi ve

197 ng. The resultant _was_ passed through a silica | _col usi et hyl

acet ate- | | gheSaeliuhdaid; 6 hin B2, 1696, Ben0aam A NBeNSas MNTUND andhe

- filtrate waglg%ugct ed (~ 600 cnB) and concentrated to about 50 cn8. An
orange yel | ow 50l id precipitated and was collected by filtration. The

filter cake was washed with MeOH (~ 10 cnB). The bright yellow solid was

dried to give 177 ng; 8H(200 MHz; CDC13) 5.74 {2 H, d, J 8.4 Hz, ArH), 6.70

(2 H, m ArMeth®i2r8-6.79 (2 H m PyH, 7.62 (2 H d, J 20 W

12/ (1G1552 - 27 PCT/ | 1 7. {4-7 4., , d
6170 (2 H & myﬁ%r.egof@,(&i@pbé 6431 "t‘g%?m ﬁ%@%@“’@éﬁ%ﬁl‘%@?% ﬂgl%m)o:%mm xtur e
i he irldi ’ T 5
ol 1 ver 1 1 E L e O B "By 1
t enper at ur e(0.336¢), BIOE)(0f50um™ afd thédyene (hidl em’pwarndegaed andbeatddot refhss (witn

allowed to cool to roomtenperature to_give a brown yell qw precipitate. The
sol i d wal) whathdemppraWreohdh &) vnder a9 foérlnglthh%@P‘W’?é"@é’ﬁP&%ét%%gh'f Ather

ified b | i1 it t
bive 100 my & St TaRR0 TRERS"BROUARNEH bl mlsfite Sle Mo harisdies ot 10
248, 297, anmie3fous thydPOradkidiacte@ ith etherd < Péni) I Thebremnic Miykt anctheethEy H) ,

and 7.45-7.93 (11 H m ArH and/or PyH); mz [APC +] 814 (M¥). Exanple 9
f 2- PhPy~[ 2- g8trad wete-coyibinedrand sied over anhydrous magnesium sulfate and filtered. The

(2-Phenyl pyridine)-bis[~2-(3"-13" 5"-di[4;'-(2"" .

et hyl hex~l oX§YVRME ?Q%B‘ﬁ?‘igfy}rﬁﬁlé’ﬁﬁI%ﬂl;’séﬁh’ﬁe‘%asiwlglww Ic?l)un}&l shrompatography | pe
bor oni ¢ - ( i, 170 eSS MRS & (
100 Ty, B 1D e B e B s (o L o,
0. 009 mmol ) a cBldvrl¥e26i03(aq) (0.3 cnB), EtOH (0.3 cnB) and toluene (1.0 cnB)
was 20 degassed and heated at reflux (with bath tenperature of 103 C) under
argon for 44 h. The m xture was allowed to cool and purified by colum

chr omat ogr a@i‘“‘%ﬁg Eﬁg lkl: ﬁeazt gel using ethyl acetate-light petrol eum (1:10)
and t hen m(1l:4) as eluent, to give = 18 ng (~ 9% of 9
as an oranggG@B(Xy, ~, max/nm (thin film 279 and 390; 8H(200 WO

112/ UGCr ~S2
20 4-(2'-Ethylhexvloxy)phenylboronic acid

Tert-butyl lithium (1.7 M, 66.0 cm?®, 112 mmol) was added carefully to a cold (dry-
ice/acetone bath) solution of GO-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 mixture. The reaction |
25 was stirred at -78 °C for 2 h before being removed from the dry-ice/acetone bath. The
mixture was then stirred at room temperature for further 2.5 h before being quenched
with 3 M HCl,,, (30 cm®). The two layers were separated. The aqueous layer was
extracted with DCM (3 x 30 cm?). The organic layer and the DCM extracts were



-28 PCT/ @B02/U | 7sU MHz; CDC13) 0.83-1.02 (24 H m M), 1.23-1.64 (32 H,

m GiZ), 1.68-1.88 (4 H m CH, 3.90 (8 H m ArOCHz), 6.88-7.09 (17 H m
ArH and/ Fy&}iﬂ? 24-7.27 (1 H m ArH and/or PyH), 7.57pd¥/éBodidksH, ArH
and/ or gm d"7.89-8.03 (5 H m ArH and/or PyH). 5 Exanple 10 Fac
[2-14"-GL- PhIPy] Ir Fac tris~2-(4"-f 3"

5"-dil[4"' -(2""-ethyl hexyl oxy) phenyl ] phek8=~phenyl | pyridinel iridiumlIl 10 A
m xture of the 2-(4'-GL-Ph)Py 5 (490 ng; 0.766 mml), iridiumchloride
tri-hydrat ecQIﬁBmmband)dﬂQilovmeiﬂ)ydrMBOm(gneﬁum@)fmanﬂltezetetulribﬁlyeolrvamié Iwecel 9

cnB) was heate ath te ure 3 under a on far. 28 h bef

bei ng cool eaomg]ﬁ&)pggmvp ur Cﬁ??ﬂ@’ 9@%“1%&1%%0&?"?3?? g‘WeaS‘i‘F"f glasgie o | urm
usi ng et hyl t t Jd'g‘q] ents.
The sol vent g@e\?\%‘%e co‘gét 'ﬂg qhérp?&}ell #gé%dﬁ hﬁggl ?L%Fg? ssol ve g‘!(éjn ~ 2
. cmB of DCM ao&mao%bﬁﬂ& ‘Rfss d’iﬂ%)u%dq(ﬁdGM% dshecolutlens 6l 000abied. The
preci pitate was coI I ect ed 3 '87my) and used without further

puri fi catsi oCOCL) 0L8iel 106X6 PBheMe)}l’héZrltﬂﬂ'(@rH | o0Hg, Mé&-lcﬂ@r(&éhm Ay 3t
recycle the unreacted 5_ (about A m x ure g above obt ai ned

i ridi um conpd Bxm, lAé@S;tHz‘é& 98 @aﬁdnﬁt\@b%‘tﬁ7 ﬂl@ morgpelapn) py 5

Enz'rgf)) n?vasohgé%Bﬂ“‘ @’t e@p%“ f %ur ‘é% ll{éﬁqu gﬁcg’ég 1189 ozgt[rzgon.

The reactio c t t rat &
DCM was addg}jmh r own yel p(?(*) 190 (1 3R, CHPSIO (gl}pn@%m@)c’m

B x{ure was purifred by col
chr omat ograp,I]H,ﬁNe,rrH$|dndc8al&xele,tﬂr}DCI\/L ethyl acetate-light petrol eum
(0:1:1 o0to 1:1, :10) as eluent to give 25 200 ng (49% for two steps
referring to I r C13~ ~3Hz0) of 10 as an orange yellow solid; TGA=S, o~ 410 C
(Found: 10 Meraeitppr compoupd 4A ay ABceaydia used 8o 6eqcBef 908 ¢he megt se"ewfwﬂ

N 20 LD B B o8 PR By Wi S By e 13 (3°

CH7), 1.52- Nﬂﬁsﬁ(ﬁllﬁ"be%ns@é)ﬂed%aﬁmﬁ( 12 H m ArQCHz), 6. S8 (12 H 'm
ArH), 6.92 ( PyH, and 7.32-7.92 (39 H m ArH & PyH);

rnlz [MALDI] 2105 2106 2107 2108, 2109, 2110, 2111, 2112, 2113 (M+) 5
Exarrple 1.1 Fac [2-(3' - GL-Pnl PyI,Ir Fac tris [2-(3 - ( 3", S'-di [4"'-

2""-et hyI he>ﬁll 0X en I henyl } phenyllpyridine] iridiumA m xture of
t he 2- , 0.459 mmol ), iridiumchloride tri-hydrate 10
(41 ng ;rr@% H20 1.0 cnB). arid 2-ethoxyethanol (3 .0 cnB) was
heat ed ( ath—t—e_rr‘p ture: 125 13 S C under argon for 3 9 h before bei ng

cool ed. The resul tant m xture was passed through a silica gel colum using
et hyl dh2" i ‘ Ul 8CM and t hen MeCH as el uents.
The filtrate was col I ect ed (~ 600 crrB) and concentrated to about 50 cnB8. An

ol duc weis gt wie bBok e 45 CEo B8 3156 mmE), it ikt RebeatA B o g
177 d NefoHund1) t

gi yel | ggv) sol P’?’ ﬁ%%&%g{lgﬁﬁ@ﬁggﬁﬁﬂlpgﬁdg%nwl Sanwhi | el C?E%a egcgls\s/e

of 2-(3' -G MGHTOY,,/(19am’y,dtOB({ 6 dnf'y anh toluenei@Bvar’) Waqdcgasseﬁmedhmecpafoduct S

were used without further purification foy the S f the
above ob2&i gefux ewith }Qﬁfhéqgw%rfggre of 101 QC) Jer argon ri]orxl 2 h. tI%g mikture Was aifowed

to cool. 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
1ayer and the ether extracts were combined and dried over anhydrous magnesium sulfate
and filtered. The solvents were completely removed. The residue was purified by

25 column chromatography over silica gel using light petroleum (60-80 °C) as eluent to

give 6.04 g (74%j of RS as a colourless oil; 8,(200 MHz; CDCl,) 0.82-1.02 (12 H, m,



20 and recycled 2-(3'-GL-Ph)Py 7 and silver trifluoronethanesul fonate (34
ng, O. 133 nmol ) was heated (bath tenperature: 130 C) for 3.S days under

ar gon. hERGkd,on was then allowed to cool to room tenpgepEBifansIe brown
yel | ow m ure was purified on silica gel colum with eluent of DCM et hyl
acetate-light petroleum{0:1:10 to 1:1:10) as eluent to give 95 ng (39% for
two steps referring to IrCl3~3H-0) of or-a%ge yellow solid 25 as 11,
TGA~Soo~ 400 C, (Found: C, 76.7; H, 7.2, N, 2.1. C,35H,s6lrN306 requires C,
76.9; H 7. Me)N. 28~1Q‘%)(16H ﬂf@,)(lHWll(Imi 83(1H‘rin ZMHMdQD@HShi(A@CH@z

CDzCl z),0:92-1.07 (36 H, %—I 31-1.66 /) 3-1. 86% H,
m O, 3. 969913 Hym ity Oo#b 1, 7, day ang 7 3#41 swﬁrbx}m[wnpl]?é@dm?, H,

5 10 (5 1 it 510 e Bttt kilsiaye S ol B 675 ‘2275’”

. 23.9, 24.6, 3 1 2k2 2

22175, 210, ol o)A Cootiaten 91s% APy RS ﬁ*%ne%%é 37
148.2, 160. 983384, Jfﬁ?cﬂ) 3@02(6%%]0@1957 021608, m2 M), m&HZﬂ,O&H)ZiﬂcD
2111, 2112, 2113 (M). "gc - Por ph¥Yrin
5,10, 15, 20- Téﬁr(&(I'BS BIH)Jm(/af 1+b|69?t @rlH+buth styryl ) phenyl ] por phyri nat o
platinum (Il), (12) 10 5,
10, 15, 20-Tetra[ 3',5' -di (3",5"-di-tert-butyl styryl)phenyl]porphyrl n (WO
99/21935: 1 t/ Second Exanple) (50.0 ng, 21.5 mml) was added
to areflu lf?&gﬂ {Efam lerépI atinum (I1) chloride ( 11.4 ng, 42.9 mol) in
benzoni tri I G1-BX (SR@ The solution was heated at reflux under a stream of

nitrogen to renove the evol ved hydyogen chjoride for 1 The sol vent was
renoved thdderruyidihivep(luiiv, éM%égéMﬁﬁp Wé& deffog; qorcl:@fy W@PFtﬁae Wi th

DCM | i ght pet u 0, |ned and
further pur:}:3 {hgaglblg' é8f%&ng\%§l wféégg?%gh%/b%abgﬁ%ﬂéh@p %‘Slrf]f?( I :4)
as el uent. &er%@%@d ﬂﬁﬁ)s €Tha lreabfisn hgtnes tidngiad afdeeprraidﬁmwmwam xt ur e
to give 42.0 12asabr|ckredsolld np. > 295 C (deconp.)

(Found o Sﬁrred atl-+787CSfpr Nb. Bri#-butyl toree SN2 e’ 19 mmed) wes aided glowﬂy togho. N,

e 0 e AR o
(5. 64) ?4 1%2& E%n l:tﬁ{hd T{ﬁ%\r iktrPdds tP@rﬂtﬂ‘% dYiBom tdatpedature 13Pfurthéd3 Kth s, t

Bu) , H& vin , 8.11 (4 H br s, ArH), 829(8H

d, J | 0 Hz Jbefdrébeing j@ech8d vx(iﬁS'IMIEICI@Q-(E}mP))[Ihe ) 1aymtszwe[rh/mlﬂa]tedzﬂ‘h§ (M) .
25 Exanple 13 &-Pt-Porphyrin 5,10, 15, 20- Tet r;

3", 5" - di (3" 'ageousdayer &as eﬁiﬁ%%ds‘b’sﬁhﬁqbé@?‘ﬁl%aégwlc]r%\“bh*}‘?ﬁ wdithe BCMi num 17

( 13) VO ( 16%4rgc g%v%%e drted & g%}&{s%agﬁéﬁum sulfate and filtered. The solvents were

completely removed. Purification on silica gel column using ethyl acetate-light

20 petroleum (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 determined however can be

used to form higher generation dendrons in excellent yield.

Reference Example 7 - [G-3];N (Compound A in Figure 9)

25 Potassium fert-butoxide (122 mg, 1.09 mmol) was added to a solution of [G-3]-
Phosphonate Reference Example 7A (551 mg, 0.218 mmol) and Reference Example 8
(34.6 mg, 0.054 mmol) in dry tetrahydrofuran (15 mL) and heated at reflux for

approximately 21.5 h under argon and then the solvent was removed. Dichloromethane



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

, "' -di-tert- butylstyryl)styryl)phenyl]porphyrln (WD 99/ 21935:
2- Porphygﬁgu/ﬁ%EQt/Second Exanpl e) (50.0 ng, 10.3 mmol) wpéT@ﬁmngyp a
ref | uxi ng’ 2oF Ut ton of platinum (11) chloride (21.3 ng, 80.1 nmol)
benzonitrile ( 1.0 cnB), and washed in with further benzonltrlle ( 1.0
cnB). The m xture was heated at reflux uB@ler a streamof nitrogen to renove
t he evol ved hydrogen chloride for 2.5 h. The solvent was renoved and the
resi due was(gounL) was aaned@mawlmngmo tayeoghophshedivith Wb (SOGHL) petriab ¢son
(1:4) as eluent to give 36.8 of 13 as an orange SO|Id 5H( 200
MHz, CDCL3) m:L)ac]ne(dzcs@r a;m)siroqs-ssélpm s;ul &, filtesd,apighe-polyent yeragred tp keaye P-i)

525 L e e Bl e bt e B0 s et amironlpRY 0 el o3
- indiumtin Wneﬂg‘ cgat Qonzéi%&ten%?aetwlﬁn sliganad 54 5 ho 28518 8scand eRehf Hpanol

in an ul trasoun e injecting |ayer of PEDOT (Bayer) was then
Spi n- coatsedshald amoantssf mtre ﬁﬁ&ﬁak@uﬂdab&molhted (290 mgy| Berrentaini@ ispuse r at e and

dried at 80 C on a hot plate for m nutes. Dendri 8I ut i ons
subsequent | Waé%lahﬁt?&Qt@El) @ﬁitlédmﬁé”PEE@FO? ) ‘é(?res‘ge fed in r(%e Ry ve
films typic %astgd,\flt?%ﬂ &N 2K T}%'E%I\%HE@%H&B&VI N GRE R {08 By %yﬁﬂﬁf at ed

gl vi ng deVI I Ve areas ce testing was perfor med in

vacuum usi ngh@dntsed rﬁﬁkﬁfyoﬁ:ﬁb‘ﬂh@@uﬁﬁgﬂ& dichlourhbthiueelight poweleanimintuas (EBI5 tas a
Hew ett Packard pulse 20 generator (rise time < 10 ns) for pul sed
operation. I3 aReluent. The ofain fractihamwaseolleded and the S@Iﬁénttrﬁlﬁﬁv‘?deah? F%Hluf:or

h i t he LED, t b th
ot " s GO bR TP gt @?@gféreﬁwﬁqr»sﬁ’ QoL (08 2 6395, bk
using an | SAspPECtAUAMEN& BFR. SASHN-T@WRBIEH, sR:Nand. ?buﬂ(@otéaH' on; NPhﬁ)

spectra were obtai ned on an |§A 1&1 uoromax fluorineter. All em SSI on spectra

were corrected By 4id)/dnre 958CE0mE fland)e SRQICIEClHMNE 200 Ghgalbcol Rimbpect r a
were al so recorded on the CCD and found to be identical to those obtained
on the fl uonriymi3. (6083 A34sh (5104)Bay ULL (ReEUbL(400 MHzG,—‘ICJZFEﬁh)pd)AﬁM?fZH $2- WO
11210(i (i1 SS2 PCT/ GB( 12/ 1107511 -32 Filns and LED devi ces wer using 12
bl ended wi t Buwdj 7.0%f.37eR6 H., e, L-b vinyé bl G- ?fﬁrnYBH(ﬁngf}@)VmﬁlH)n%%ﬁn{% 5P host

mornt) 5 a (R R B o Hr R G 8 20 4 6 1050 D v PR, ¢ 1O
rati o of ap%gmmtle Aéé\hB’\@pH@aﬁ@s $qp@53aH| m@ﬁ/zqmmwgsgwqwthese

spi n- coat ed I'ms and their &bsofption vvas found to be a sumof the

conponent s f t £ ;10 be of conparable quality to
filnms pr eparlgg/‘@fb%gg%dlvfdagl m}%‘:{‘g e synthesis of A is described
in Reference Exanple 7 taken together vmth‘ Ref erence 10 Exanples 7A to 7C

and 8. Dendriner B was obtained as follows: 1,3,5-Tris

[ (4" -fornyl i%%r!!# kﬁhenyl ] benzene 15 A mi xture of 4-vinyl benzal dehyde ( 1.95
g, 14.7 mol di met hyl acet am de (40 m),

1, 3, 5-tr2¢( G1H0eohbhelyl ) benzene (2 00 g, 3.68 mmol ), traps-di(~,-aceto)
bi s[ o- (di -0o-tol ‘Iphosphlno)benz I] |aIIad|u (rr) (10 ng, 11 p,nol),
2, 6-di -tert 32l nyl bengojic.ag ¥, and sodi um carbonate ( 1.56

14,7 mol). e Sonil:ie (
W th argon g%xgpl“’g%me%ﬁm% @dﬁ?(@é GHPDY s SRAHEH bl BHARMRH AR RN N
3.5-dif4'-(2"-ethylhexyloxy)phenyl]benzaldehyde) (515 mg, 1.00 mmol) in 5 cm?® of

DCM and ‘tetra-n-butyllamonium bromide (64 mg, 0.200 mmol) were added sequentially
25 to a cold (ice-bath) mixture of KMnO, (474 mg, 3.00 mmol), NaOH (20 mg, 0.500

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 acetic acid (31 drops).

The mixture was passed through a small plug of celite with DCM and then ethyl acetate



m xture was then stirred at 130 C for 50.5 h. Water (100 niL) and

di chl oronet hane (100 nL) were added. The aqueous | ayer was separated and
extract er(\thi/rkeﬁLhCh' oronet hane (3 x 100 nmL, 2 x 50 nmL, 2 pci/@Bopborso ~ The
conbi ned organic |ayers were washed with water (3 x 500 nlL) and brine (250
mL), dried over anhydrous sodium 25 sulfate, filtered and the sol vent
conpletely renoved to | eave a yellow breXr solid. Trituration with

di chl oronet hane foll owed by recrystallisation from dichl oronmethane gave

1, 3, 5- Tri s[ 4delnéms. MHeSili ity Map beltectddmd tlensl (chiverg com@memsemm;edl Thtw
povvder np 163 C. Anal. Calcd for CS H3603: C,_ 87.09;

87.4: H, 5. drudemesidueryasarified bv@zme(qhmogrsshm mgalﬂlﬂii%tﬁll ace%ego

(0 o B 8RR o Fl A b oiee Ant L9
. Z/ giA( gBH }élé’(ﬁaﬁqﬁﬁ)s OG"RFJ)'ﬁnd ¢, 75..(1@1_657 @!SQ% Eﬁg;re@@ 792 H 9’1(‘;/(5))6|_DH o

b7 i oGl alor et
1,3,5 Tris| (4120-1%@39?’3? ﬁ&&%) ﬁ@@hﬁén@ﬁﬁL ?%315&”@5% 7@%3 3? %]?lgr ence
o 8 3R 0T T A e

reflux. The ef 'ix for d then alTowed to

fool Wat er 4(1«'133nr¢r1)hﬂ)am®8tu¢hlsofxl ﬂmaamhmm (5H, bis, a%HDe(hCé)Méaiomhiextvhé) ;or gagb C
t t t t
m) and t heachod w%a%‘ﬂéﬁfi’m%ﬁéaﬁ‘?sﬁhﬁma% 7%89§f%3¥1§5952€?fn;
59
vashed it n 138G TA LR G Eaal s iy SCRRELAFHTARRLD MY ER 1o

and the sol ﬁ/pl) renoved. 15 The residue was purified by col urm

chr omat ograx y“over silica in tw steps. The first chromatographic step
used a dichl oronet hane/light petroleummxture (2:3) as eluent and the main
fraction was coll ected and the solvent renpoved. The residue was further
purified usixampla2chl or omet hane/ |i ght petrol eum mixture (3:7 to 2:3) as.
eluent to gi 9 , 609 . Further purification by recrystallisation
froma di chlgﬁ@ﬁﬁne t hanol m xture 20 gave a yellow oil whicli was
then triturated with nethanol to gl ve a powder, np deconp 281 C. Anal.
Cal cd f o5 Cangidp ) - enylfben@gaté; H 9.1. vmax(KBr)/cm
958(C-C-Htras. ~ ~CHZCIz/nm 323(Io s/d

(5. 46) and wmm@f@npoew 0Qme, éﬁb%mo 5}}3?3@%%}1 %A"? ﬁ@ﬂ@zé?h
7.18-7.45 (96_H, H 40 (24
Ry 3 g Oygrhi g{)ié‘y $if Q514 rprlels &“ﬁ&%ﬁ H?O HEtE S dg)hggt&(lm $
cp H G1 bg(blji:h t@hﬁexﬁﬁnﬁ(ﬁ%’ @ﬁldl@yreﬂlhcsaqdes%u&Qm(a&r bkpimtork dihe lsplvemtzvas

(MALDI) 790 Cal c M+ 7903.1. The absorption SP ctra oai t he
materials A reﬂoaadalslmﬁd)ao‘earsltﬁdmmd the ﬁsgiuey@s ereporated pndes yacpum 05@5“’@?29 Q(i1;

absorpti 80 pisdieviait 336 oiresiheodriae qprHsDpL@ el e LAk e TREpIR 20
b I 0 o
370" nin and ?*%%S“%gn B O K S P e1% nin ond 544

are observed at 420 nm 514 nm and 544
nm correSDMHraﬂemphhﬂc&me2ar@Eo@dbé:nah7pH,'t'aefomogﬂm@wﬂmﬁwﬁ 5
Figure 11 shows PL and EL spectra of Rl end f er
conti nuous e¥k&HtEtT-8%0; f%@msfﬁpyﬂl@alre‘é‘%fﬁstcat 1% Htpﬁeyg §) ﬁm&qu5§8%ears
green and peak t 495 iun, whereas the emission of Bis in the blue and

peaks at 470 3 nd in .both bl ends the guest dendrinmer 12 emits in the red
to near bR with peaks at 662 nmand 737 nm The emni ssion of the host

Example 3
G1-COO-Tb @

Terbium 3.5-Di[4'-(2''-ethylhexylo henvllbenzoate



10 dendriners A and B is attributed to fluorescence, whereas the em ssion
of the guest 12 is believed to be due to phosphorescence. For both the A :
12 and Bwg dzodgk@nds the host PL emission .is nuch strongeer/cBaneirhe guest
PL em ssion. The nmost surprising result illustrated in Figure 1 1 is the

| arge di fference between EL spectra 15 of the blend B : 12 conpared to the
PL spectra. In contrast to the PL, in El-2%he guest em ssion is very nuch

stronger than the host emssion in the B: 12 blend. For the A: 12 blend

there is al domiwturenf G3a6@0h(l) K¥0guest 94%ommed), freshly drieh TPEOANHEO (78 at i ve
to the PL, t h the . i t i t.h f B :
o e P ARt e LOETARSR, 51 PSRN S A ERSe
trapping | n(k%a}?gteﬁ}pegeﬁ\yﬂe%-sﬁ d@?hﬁ&r%&xﬁg& gre%auxvg%t@r 4PRAODI MRKI Arhoccurs. In

bot h bl ends re’is ared shift 1nt uest EL em ssion conpared with the
. PL , em ssi eslverftiveasdbomlg eamowad dver HSihvamd thoresidne svas dyiednndey vaausetodeavei ng.

It was al so found that there is a dependence of the em isihon @)ip‘)’gctl.ru on
the dri viSnga pelsigilewak Thp ail e thentyitusgte wath Msogéaﬁwéa 1ght dedbe ¢ s

for Ir dendrj (4 .-Gl i Al Rig: !
endr | rer - 167Ere* (ieh AriGade? otk (o, SpEENERENG RIS ShSthe ROAPYES T
Devi ces wer ?elwlﬁh WblidofRthe Badirell terBiRidEdniFex B AFoun@re] MY; i, 3.6, farer

containing the Ir dendrimer blended with a mxture of dendriner B and PBD
(2-(4 WO CleHITGs equisss ©CT2. GEUZT. Y% 508 CiosH, 3, TbOy; requires C, 71.4; H, 7.8 %);

bi phenyl yl)-5-(4-tent:b ph )-1, 3, 4-oxadi azol e)). The structures of
the two typéeax&f“é ifg@9%¢,@pﬁﬁ%, PEDOT / 10 (140nm) / Al I TO/ PEDOT /
dendrinmery B: 10 : PBD/ A 5 where in the blend the ratio of dendrimer B:

10 : PBDis 1 : 0.1 : 0.4 by weight, and two devices were forned one with a

bl ended | ay@enthl floResiEe &r tAOEIDIatdioh BE coligaidswithGa-GDeHde@ah by asedod nm
thick . The em ssion spectra of the neat naterials as well as the bl ends

are shown i EuR&db)12. The 10 iridiumdendrinmer 10 exhibits broad EL in the

green (peak at 535 nmwth features at 577 nmand 623 nm.. T nzene
cored dendr iAnmixtpm)ofdhg eusopinm gemplex (§- a0 903 %EOlgrrﬁvz. r'?‘ﬂy‘&fg'z ﬁ(gg ot h t he

host and th est ]t [ f 3 -'

super posi ti @n&)ﬁfmﬁgpﬁ‘ﬁe%gggﬁ‘?’%%g% &{l#&‘rﬁe& f#ﬂl?% érr?& 13?%2@&'[/%% egneﬁggl}son
band of {fe shRSibn CAE LUt WateMtetdd Bfbugh @lcottbev@ol Befoiedainigi spindoated on a
unstructured em ssion below the band of the 15 iridium dendrinmer. Most

si gni fi cant Iqpartasubstwaterai $300omprbiend0isec; obser ved at 660 nm which fornms the
em ssi on nmaxj ' Qe. cases, This, hand i ot .iLgpediately visible in

neat 10 devi%ng.@dr%@:%ﬁ}ﬁ“ Kféwém(gnﬁgﬂ%‘ﬁ‘ég%b?g’EMer eas PL spectra of
films were g;ﬁgl@o.ﬁn@uam@%& LES-bif R fIE, MiA3thid ARKyTES, barsurd |0 EL at

660 nm be n e to an exci at’her’, due to an internol ecul ar

char ge t r ang§BCOD-Eud,£-di-redbiltel-neebipiidy] dadtoxjdest,,, /nm &hinoim) dépeamdence of
the em ssion spectrumon the driving conditions is observed, indicating
t hat t he2®ni3@di on consists of both phosphorescent and fl uorescent

fgn)gn _eg[ _S br@@?ﬁ?%ﬁenﬁwﬁﬁe;rﬁi% ?thfnoﬁhﬁ)ridéi, Ay @gdr I mer
G1-COO0-Eu1,10-phenanthroline N-oxide; Ay,,/nm (thin film) 268, and 329;
G1-COO-Eubathocuproin; Ay, /nm (thin film) 271, and 329;
G1-COO-Tb4,4'-di-tert-butyl-2,2"-bipyridyl di-N-oxide; Ay,/nm (thin film) 267, and
25 326,
G1-COO-Tb1,10-phenanthroline; A, /am (thin film) 270, and 326;
G1-COO-Tb'1,10-phenanthroline N-oxide; A,/nm (thin film) 270, and 326;

G1-COO-Tbbathocuproin; A,,,/nm (thin film) 270, and 329.



The EL spectra of the dendriners 11 and 10 are shown in Figure 13. The
spectrumof 11 is slightly broader and exhibits |ess vibronic structure.
The em s%{,&p ,ma.{&s at 518 nm whereas the em ssion for 10pEgesr@ts®32 nm
and has a w%ro‘rﬁ c feature at 569 nm There WD 02/11GG-S2 - 36

PCT/ GB112/ 1111750 is a significant increase in the red tail em ssion of 11.
The devi ce consisting of 10 was nore e~c¥dnt than that containing I1. °
Exanpl e 17, Device results for &-Pt-porphyrin (13) 5 Single |ayer devices
of neat &-Pt-porphyrin dendrinmer (13) were fabricated (PEDOT/13/Al). In

Fi gure 14, e El gpectrumof 13 is conpared to the PL spectrum of the
Gl-Pt-porphM%adri mer (12). As has previously been observed in both

" free base an‘,p_!quhﬂsrﬂn por phyrin dendriners, the EL spectra exhibit a

stronger we of the | ower 10 energy em ssion peak. ' Exanple 18 This
. exanpl e of @a-(@eBrenopHenyldpyriditendrimer is illustrated in Figure 15, and
reference nunbers apply accordingly. 15 (d ppy)Zbtplr(I11) (111}

Di chl oromet hane (5 nL). was added to a m xtur [

mg, 0.317 ndomy ,mlze-qfenlzr@[rwyt/gdiaﬁhle%ﬂ 5»@6%%@@}’%Lbr(g@gfﬁ/?nlli@%’ﬁ‘?g‘é&gf}soérgél )

and silver if | uoro _ ution
tirred at r3omge BHaRRUAREBRARa S RhuiHun 0 EoP B b B8 5 P01
renmoved. Theygees! | @’y BOPIWE dnt) hdtehnd 622 dhY wisdegissedvasl thdieeatedadted i n
the nelt at§¥gg%%$g$ 67?5 h and a?lomed Fo@ioolé The %ﬁsidue was_ purified

by col um chefhatvaty bash jerepesaturei 105 °€) wnden argostfpot bhekhsanectionwagiatowed to| eum
1:2 to 2:3 | t Q. gi ~bt plE (Ll 11 3 9

b orange s6Pok Was A soehd Base L B guPeE adden 1 idire TS rBses SR, 7
| kyl . = ; 3O 1-8. 05

Car” by, 0 el T ool s e s 0 S e atE (e o

above obt ai nad the éthéraxracspleseconttingd; washdd wisnbriie (1(adban’)20d dried ovez- (4' - G

1- Ph 5 (200 , 0.313 mmol) and silver trifluqromethane fonate (70 ,
Wo o)2ipgl)or sgmg%wwwg@-&hz FolveRts qu,\f,ggnmgtgggampwff whﬁéﬁsﬁ}ue as” ™

tenperature 0f..130-14 f . : S P50V n
allowed to cPBBiﬁeY}gY rc8§1|[rﬁ %%%%?tggﬁpgygﬁﬁﬁg@g%gligﬁ%ﬁl%was gg\é@;d) ‘?ﬁe br own
yel low mi Xt yig 18 gBA4Y:) bEs ady cAl6hIeES sell At aevirep pyodune ns6l 1@E @eC. wi th
DCMWet hyl acetate-l1ght petroleum (0 :1:10 to 1:1:10) as eluent to give 200

my (49% {%r Buserebeind. M. Heiteon ambDt H. HeG13 €3eR05000 1940, 65) 84200 Mz yel | ow

lid; TGA~Soo~ 410 C (Found: 76.8° H 7.5 N._ 2.0. 5H, s6|.r N306
fgqlui res C, %CQ) 7-@3-77345(101'1%%21?&2) 7.58: -6t Hnmn AFE), %682778%,1?%'5‘&%3@{7&% 200
MHz; CDCL3). .0, 78-1. 36 . 1Sp 1. - 6
M o) ST ona L ad B @ Hh RAp ek B AR i fo thpodoritd £,
Hz, PyH), ang M. A2Gti8des 30 RiNeWkoiNel . Kedifls. OrganondhN(eln. 208012022305,
2107, 2108, 2100, 10 2110, 2111, 2112, 2113( M). Exanpl e 19

350
20 |
Example S
2-(4'-G1-Ph)Py
2-(4'-{3" 5"-Di[4"-(2""-ethylhexyloxy)phenyl]phenyl } phenylpyridine

A mixture of the boronic compound of Reference Example 6: (G1-BX;) (1.18 g, 2.22 '
25 mmol), 2-(4'-bromophenyl)pyridine (400 mg, 1.71 mmol), tetrakis(triphenylphosphine)
palladium (0) (138 mg, 0.120 mmol), 2 M Na2CO3(nq) (1.8 cm®), EtOH (1.8 cm’) and

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



Exanmpl e 19 and 20, leading to the formation of a Re dendriner, are
illustrated in Figure 16. 15 Gl-Phen. 31 13

S-f4'-12, &b D debexyl oxy~nhenyl ] phenyl } henant hroline 20 Mii@ﬁ@@ozlmﬁ.,o m xt ure
of the R&erence Exanpl e 6 conpound d - BXZ (496 ng, 0.944 mol),

br onophenant hrol i ne (221 ng, 0.858 mmol), M NaZCo3~aq~ (0.5 cnB, EtCOH
(0.5 cnmB) and toluene (1.5 cnB) was dega:gé'ed for 10 m n under argon.

Tetraki s(tri phenyl phosphi ne) palladium (0) (32 ~ng, 0.028 mol) was added
to the reacPCpunder atgondomktch.tThemiktue wds allowed toebblsndithetedilvedywith fwater22 h.
The reaction was allowed to cool to roomtenperature and diluted with water
(20 cnB} an( ehhendc&Rr (@), Thetworshabasywedrs ssyarated dhamqteets lafhewagjueous

| ayer was extracted with ether (3 X 20 cnB). The organic |ayer and the

et her extr agttpacts Witk efligl (3ed1 Ao’ \Wabdeigatic tdyenai®the thbr Xktéddtsomdy, dried

. over anhydrous magnesi um sul fate and the solvents were renoved. Silica gel

col um chr ogghBRedBAY dried §¥dd dhhy drbErBédiugn Sulftel THBQEVORY Werd Diniidetdly O et hy|
acetate (1 0 to 1:10) gave 2S 1 ny (40% of 31 as a colourless oil;

X~ ] 1 dn8nof
¥E§‘so§ " da (300 08 PRed B SRAEPE ARG THE YD IS (1o k. m

7 %07%8%%}%91*@%/&5#&%%&@1% el gLkl Botigchup b & 1} Oms M
E?ﬂ S b %Véﬂ?éa?%“ﬂﬁt%ﬁd@ ol O, B FRS N 2 H ddia

S

J

J

Hz, PhenH); Sc (SO WHz;

70.6, 114. 9requjrss &, 81*§8H4 %‘}‘9! ’zw%%m]@%ﬁ%% %@52@0@5%% &ﬁ@gy%@é’ 134. 7,
136. 0, 139.0, 139.7, 141.8, 146 4, 146.8, 1S0.1, 1S0.3, 1S0. 7, éﬁgﬂB m z
[MALDI | | 393.Q32VR &L ). Men 1 APk 6% 56 B: maACHe) 1 07 d &% Celibams CHY 8- FelAdihaRi on
borol ane (349 ng, 0.S7 mmol), bronophenanthroline (221 ng, 0. 8 S S mmle),
2 M Na2CDBf aqOQH,),chE) (4 1 10HACH), 48 7.2h Gl HomuByid), (7. 6ﬁe(4c,Hsgyl A, 175 7dyassed
for 1 S min under argon. Tetrakis(trisphenyi phosphine) palladium (0) (21
ng, 0.018 mypiy) myesH &eyEBJsied (2 B, k) arkipantidors (K myRyHebddi@ Mizg heat ed
at reflux under argon for 22 h. The m xture was allowed to cool and diluted

wi th wat er @90%131 heﬁ3©2éb ¢, 30he7059en.€ 1hayet2and 2ube 1gx8) act s

wer e conbi ne wat et (40 ¢rn3) "and dried over anhydr ous
magnesi um s t S I t reash d apy;u(;n tion
on silica ggw?o?%srr%hﬁjé ﬁé%ﬁ@ﬁé"? 1@,1 @gggﬁélz?oq%gv 1522 @I&lrj[(ﬂcqgave
333 ny (88%64§f(8f% as a col ourl ess 0|I Exanmpl e 20 2S Gl Phen Re, 32

Tri car bonyl -~ 3 S-'~4'-(2"-ethyl hexyl oxyl phenyl | ~hen~I

phenant hﬁl ine rhenium WO 112/A (SS2 -3 9 PCTI GB02/ U117SU A m xture of
the phenanthroline ligand 31 ( 126 ng, 0.190 mmol) and pentacar bonyl chl oro
rhenium (681 ng, 0.190 mmol) in 10 cnB of toluene was heated at reflux for
1.5 h. The m xture becane yellow then orange. The reaction was allowed to
cool to ambient tenperature and the solvent was renoved under reduce
pressure. P i on on silica gel

2-(3'-BrPh)Py
2-(3'-Bromophenyl)pyridine

7
1.
8.

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,COjy5q) (16 cm®), EtOH (16 cm?) and toluene (44 cm®) was degassed and heated at

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



5 colum using DM Iight petroleumas eluent gave 76 ng (41 %9 of 32 as a
bri ght yeI | ow powder; vmpX/ cmi' (KBr) 2021, 1916, 1893; (Found: C, 60.5; H,
5.5; N, 0 &94—218201NZOSRe requires C, 60.6; H 5.4; N geBUBo2orso , aXl nm
(thin ;i gyl [MALDI] 935 (MO ). Exanples 21-24 10 These Exanpl es
are illustrated in Figure 17 Exanple 21 PPh-BORZ 15
2-j3'-(4",4".5",5"-tetranethyl -1", 3", 2"-éSexabor ol an- 2" - ~) phenY!l | pyri di ne
Tert-butyl lithium(1.7 M 36.6 cnB, 62.1 mMmmvl) was added to a cold

(dry-i ce/ acejoohte died by yalidwbiange mixtére( Bhel@ixgyre 3vas @ibmedoijh wated @0 cnrBawnd
anhydrous THF under an argon atnosphere. The m xture was stirred at -78 C
for 2 h and dRem@cindPFhe poaxphadeswlre Sepagited Mikhyuels Jay2elivax axteactdarieh (9
cnB) was added rapidl'y to the cold m xture. The reaction was stirred at -78

20 C for 2 hympiiqs ke Gwy-THealpahd Rher Mdithe whs: xOaEY Adre ddisbitddndiiedas t hen
. stirred at roomtenperature for further 20 h before being quenched wth HzZO

(3 0 cnB). Thgy aeﬂ@dkﬁisesbalmgﬁfafeemﬁé 3619&hts WaR RARIBEALT réByedd haave AT act ed
with ether (3 X he organic | ayer and the ether extracts were

Cort e g g s st s,
s SHEMP AR (Bl SR gl

m xture by colu |I| i oleum
(0110 17 soptdeCoPdafier GEOLT S 1 45 e &%%@g%ﬁ R, PE¥ouna:
C, WO tlZ/IIGESSZ -40 PCT/ GB02/ 00750 Y 5.0. C. ~HZOBNOz
requires C, T.85 & Hqm, PyH), N2 6. Wom; Adily 843- SM%(] I’(IDGIéJH)laB‘?S(HéI Homs o we)
7.23 (1 H m PyH), 7.51 (1 H m ArH, 7.76 780(1Hm
ArH), 7. 87 PyH).Hhe Kl NYR)is sigiloa tq the reporterl ba vansle%luqs ?Eevwlwﬂ) and
871 ( 1 H m PyH,; 8c(101 MHz; CDC13) 24.9, 83.9, 120.7, 122.0, 128.2,
129.9, |38. 2Terifer3F. BRbelhaus, H3Kodljimin & &, Speky C&gammtqlms 599918, 1403l +]
283 (M) . Exanple 22 DBPPh-Pv, 24 2-

-(3",5"- D ttognophenyl )phenyl Jwidine 10 A m xture of 23 (5.15 g, 281
mml ), 1,3,5-tribronobenzene (6.92 g, 315 nmol ),
tetraki s(tri phenyl phosphi ne) palladium (0) (846 ng, 0.732 mmol), 2
MNa2C03~$q~ (12 crri3), EtOH (12 cnB) and toluene (48 cnB) was degassed and
then heated g kaﬁlgf 4x {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 thg k@lg%ﬁire The two phases were separated. The 15 aqueous
| ayer was ex h et her (3 X 20 cnB). The or ganl c layer and the
et her extjzach g4V 35 @ G} : { , yAdingm sul fate. The
sol vents Wer& CoO esrdle waz pur| red by colum
chromat ogr aphy over silica gel usi ng ethyl acetate-light petrol eum (0 1 to

56 1 5 5 RpegeErty %ﬁéﬁ%g?ﬁ?requ?‘i%%ﬂféﬁ%%’dﬁ%@ SR U578 D458 400

3071\3/'_% ) gDG oq), %9(3(%roﬁlop%nmv}xd1nz (?574 141% d"ﬁSMlﬂetraEs@tﬁpﬁényﬁho%hﬁé)"D

palladium (0) (54 mg, 0.046 mmol), 2 M Na,COsq, (0.7 cm?), EtOH (0.7 cm’) and
toluene (2.0 cm®) was degassed and heated at reflux (with bath temperature of 103 °C)
20 under argon for 17 h. The mixture was allowed to cool and passed through a plug of
silica gel using ether as eluent. The filtrate was collected and the solvents were
completely removed to leave an orange oil. The oil was purified by column

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



ArH), 7.79 (2 H m PyH, 7.99 ( 1 H m AH), 819 ( 1 H m ArH), and
8.74 (I H m PyH,; Sc(101 MHz; CDC13) 120.7, 122.5,123.2, 125.7, 126.9,
127. 6, 1%9 é m:l(%% 4, 132.7, 136.9, 138.9, 140.2, 144.6, 1&&,@302@9,@56 8;
n:/z [El] % %J 8, 390 (MH+). 25 Exanple 23 2-~'-@G@-Ph)P~ 25 2-f3' - (3"-3"
S''-Di[4"" ' - et hyl hex~l oxy) phenvl ] phenyl ~phenyl | phenyl | nyri di ne WO

02/ OGGSS2 -41 PCT/ GB112/ 00750 A ni xture-26- t he boroni ¢ conmpound of

Ref erence Exanple 6(: Gl1-BX2) (4.50 g, 8.48 nmmol),

2-[3'- (3", Sy e bepaiRABEMY bf Pasayblbpyess AilnEFofitd 32, 84,2;3H,305, M. C,sHs,NO,
tetral ci s(t ri phenyl phosphi ne) pal l'adium (0) (274 nmg, 0.237 mol), 2
MNa2C031nql egt%u "$4 5 ﬁtélﬁt(r?a%oo n8) /xﬁﬂﬁhirpﬁmrwo{ 4GRIHMEDCoRseed and

" then heated" qu (W th b &hperature ‘of 110 C) under argon for 69

(10 oney . TheHERR B v fat’ 5 o S aSt e
cormi ﬁéﬂ?rmﬁéﬁ@f 7?%@#%3?@)29%%%@?35&?@&5% ST SARTLSREE
chr ot og) B <7188 grEan ot bt son{ i AR £ 1tﬁ’petr £ 1

to 1:30) and thin DCMIig etroleumg 20 to 1:10) as_ el uent @,’%ge 2. 97
g (73% of 35776($thld?}&é),ﬁc(ém MHz GREL)G 1. 844d; 281, 838, 20,809, 3245
requires C, 85.0; H 8.5 N, 1.2%; ~max~nm (thin f|Irr) 271; 8H(400 MHz;
CDC13) 0. 90-h48214R%, 142.3n124@) 12415,336.0, BI3.¢,3288, 128.2,082)4, 13683141) 88 (4 H,

m CH), 3.94 (8 H m ArOCH2), 8.05 (8 H, m ArH), 7.23-7.32 (1L H, m PyH),
7.62-7.73 (%4he4m41/597H)14°151479'7715749059(2 anld 16%.3Pyi4 [APEIH)6408MI2. (3 H, m
ArH), 80 1°H m ArH), 8. (1HmArH) and 8.76 (1 H m PyH:
8c(101 MHz; CDCIS) 111141 23 1, 23.9, 29.1, 30.5, 39.4, 70.5, 114.9,
120.8, 122.3, 124.4, 124.7, i 25 .7, 126.1, 126.2, 128.0, 128.4, 129.4, 13
3.2, 13#? M?l 141.6, 142.1, 142.2, 142.4, 142.7, 150.0, 15 7.3, and
15 9.2 1201, 1202, 1203, 1204, 1205 (MH+). 20 Exanple 24 Fac

(2-(3" -&x- Ph:;Pﬁh;ﬂJ;% [3273'@&113%; Sl2-[3-(3" 5"-dil3"" S -dif4""-(2""
et hYl hexyl o envl | nhenyl ] p~dine) iridium (lIl) A mxture
of 25 (2.97 2 i ngol bi ll”r(l3df3r%mo%mrﬁfrl 09 d{nH ir ﬂﬁ (174 ng, 0.50

mmol ), 25 H foXyet rmano I3 cns was heated (bath

Df 661 pitat e @éﬁxw@ odhed @%83%315%9 B e Qe G B 0G  Fam [ foride i

o e 0 e 30 O oL PSR AP i, O
(C)J;Z’ZHé 825 é%gag te?%%rx%mfpm %HQ%? %%3%2%3 lg}jﬁgr-g%él%c? S%A%léh@ﬂg% e
b & Pyt lidpricipiated omyhe hiis. Shesplid s R pegtiedarh 156t fioht ™

(20 cm®) and dried 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 i)recipitated and was collected by filtration. The filter cake was washed with MeOH
(~ 10 cm®). The bright yellow solid was dried to give 177 mg; 8,(200 MHz; CDClg) 574 -

(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, /2.0



5 CDC13) 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.S,128.8, 131.6,133.8,134.9, 137.0,142.5, 142.8,

| 43.0, 14 54, 145. 8,152, 2, 159.6, and 168.8; mz [ MAL 592,
2593 (C, RO 5o Y). 2626 {Quokzool r N20g) . *Meanwhi &+’Gﬁga‘g§'§ess of
25 was recycled (I .96 g) fromthe solution after purified by 10 col um
chr omat ogr aphy over si lica gel using eth{ll- acetate-light petroleum ( 1:30
to 1:10) as eluent. A mxture of the above obtained iridiumconplex (900
ng), the relcAed),Z574-7.93 6 Hyin, RyH),2int Yei9 ©rH,fd, UGtHehahes)d [APCItjes50300
ng) was heated (bath tenperature: 145 C) for a 15 week under argon. The
reaction Wa@Cd{zHﬁBrfliN@)’\Bd to cool to roomtenperature. The brown yell ow
m xture was ssolved 1n 50 cnB of DCM and then concentrated to about 10
cnB before being purified on silica gel colum with eluent of DCMIi ght

. petroleum (1:20) as eluent to give >750 ng (>40% for two steps referring to

5. 0, N, 1. 1, ACSLTHEAR P RS Sl fna SphemARgdONS phey RS imota o

ey, 1261, 81 aafohipp g i b Mo %cﬁ%a@égﬁ%{%ﬁﬁm‘ qenom
Py 7. 72 FE D) B oAttt he Ry S o Y Syl 55

L7 A T Colaeloplaihtin e’?%wasr”v%?%eé«a‘m%t%%o bt ™

(F;C':IL' / (C:Jfl am\/u%w dv%ﬁe Lesafl ebpﬂlﬁedoby (Eolurﬁn C%?B’l&tftgr{ilphp/ ovgr sﬁii:a[ |~
asdnyOOmN|~~~Id (($ICf~GO N(Cl~DOc 000 a
o~, 'e U ~ Belwith DCM agelpemito@ive 00 mg (78%o)ef &aﬁanqm@emeﬂa@soh@kmxofun ON ~
~0000" ~~M-~ DN~tpMO .-~NO®G6 “ab.CPaWOdmVd ~NOO®O
O-~D O d10 ffhﬁﬁhmﬂs\ QD’ManEP3@) (m MElz; 01)013!)16165 98 Vi1 Hj mOAfM an@or PAH),~ N O
pp ~ ~'~ I@I h" Nc~1yj ~NMd cn ~t a P,
nOOONOr + W~ ~~ U~ ~ ~ c~a
N o] and94§’ f?ﬂﬂoﬁbrg &HaﬁWny HAAPCE] ﬁ]tl(MIfI) 000 NO
Example 9

(2-PhPy)[2-(3'-G1-Ph)Py],Ir
15 (2-Phenylpyridine)-bis[2-(3'-{3",5"-di[4™-(2""-

ethylhexyloxy)phenyllphenyl}phenyl)pyridine] iridium (III
A mixture of the boronic con@ound Reference Example 6: (G1-BX;) (196 mg, 0.369
mmol), § (ll 00 mg, 0.123 mmol), tetrakis(triphenylphosphine) palladium (0) (10 mg,
0.009 mmol), 2 M Na,COy,, (0.3 cm®), EtOH (0.3 cm®) and toluene (1.0 cm®) was

20 | degassed z;md heated at reflux (with bath temperature of 103 °C) under argon for 44 h.
The mixtufe 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,

to give = 18 mg (= 9%) of 9 as an orange solid; A, /nm (thin film) 279 and 390; 84(200



oO0~~cdbPr O~ " ~~~~"r1'"~~ VvOoOoNcn~UU ~ ... ~r ~
;\?f~b~/\... oov~~>jo dvi Q" M Q, Cl1l _Q, Eyrr 00 00 A " ~
~0 v Mocess " ,’\Q,’\~'~NNNH~~~~~~,a~~~ u-i ~
AO,: i%"zlﬂ((§°2vr~ El v tr U =~ E vt - poTemmAses -l .
vy, =1 AW~ ~l~t~"Jt~t~rHri f 1 Wi Ov-.i ~ ..i ~0..~rl ~
rrl N _NA~”" _N~_N~r-1~_'-c~M28-H~_H~-1~_r"~ ~-i p O~ O
O~~O"OdO~O""~O~O'~"'~O~O~O’\ Oyr., E OH~HNHE E ~ E~
~H~N-~ QI\E‘IZ"CBCI}D 083HI Oﬁzﬁ}Lxﬂ,Me)llmsLl w4 Q32FHJmFCH2)N1B§831 884 H, ml | ~ ~
~~~~~ i ~1 ~~ ~ ~~~ ., r, a~ .-i ,.~ a> a~ + a~ +- a-~
t-oa~ .., 'CH‘),B90(8H‘n{ AEO"CHZ),,GISS7‘09(117H‘“mlA=rHand/'orPyH)’,724-7”77LI Ny m, N-~
NU\~N~UNés~r~~ ~~ r-y .-~ri .o.akC ~w~w-~LT., CNJw C Jw C Jw
rGs, U751d7N5 41 W, Kell sndloF ByEN MIOMOVR 03 ¢OH, RURSH 2o
. SHEET (RULE 26) 21 (1((SS2 -44 PCT/ &B(12 XH)I( 1075(1 Thg results gi ven

above were (pg,hgl ned from deV| ces which were prepared according to one of
the follow n rocedures. 5 Standard device (no PEDOT) 1. Etch I TO squares
12x12 mm4d nto 4x12 nmm | TO strip by acid etch 2. Acetone rinse for 10
mnutes wth ultrasonication 3. Propan-2-of rinse for 10 minutes with

ul trasoni cati_on 01 . Substrates dried under dry nitrogen flow 5.
Substrat es ﬁé&éﬁﬁo oxygen plasma treatment for 5 minutes at 100 W6.

Dendr i mer flé [gia E!tﬁgg é spin coating 7. Substrates placed in vacuum
evapor at or mdep05|ted at 0.1 nm's under vacuum of 1x10'6
mBar 15 9. 100 u

nBar | n stepdsiflenfand 1 ‘ RO 8 Nl at
achieve a fil mth| ckness of 100 120 nm and a concentration of 5 rrg/m was
géd to achi®le as filmthickness of 45-50 nm The solvent was usual |y

3 and the spin rate 2000 rpm for 60 sec. 20 For the devices w th PEDOT
the fol | bhi fymixtepssofiibe &- (ﬂ:’a@lf&ﬁkﬁu@%é@&@eﬁ@f’@ﬁ@ isidizpp claloride trPE&.fﬁ{es pun

from vat er 5ok Ut §1gat, 2500 TR Gheyholfo0blhiBanabEOP By s ALk Stk 211 21

85 C for
temperature: 130 °C) under argon for 28 h before being cooled. The resultant mixture

was passed through a silica gel column using ethyl acetate-light petroleum (0:1 to 1:10)
and then DCM as eluents. The solvents were completely removed. The residue was
15 dissolved in ~ 2 cm® 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 iridium complex, recycled ligand S (about 244
20 mg), 2-(4'-G1-Ph)Py 5 (200 mg, 0.313 mmol) and silver triﬂuoroﬁethmesulfonate (70
mg, 0.272 mmol) was heated (with bath temperature of 130-140 °C) for 88 h under
-argon. The reaction was then allowed to cool to room temperature and ~ 5 cm’ of DCM
was added. The brown yellow mixture was purified by column chromatography over
silica gel with DCM-ethyl acetate-light petroleum (0:1:10 to 1:1:10) as eluent to give
25 200 mg (49% for two steps referring to IrCl;3H,0) of 10 as an orange yellow solid;
TGA 5%y 410 °C; (Found: C, 76.8; H, 7.5, N, 2.0. C,35H,56ItN,04 requires C, 76.9; H, 7.5,
N, 2.0%); ..o/nm (thin film) 277, and 397; (200 MHz; CDCly) 0.78-1.03 (36 H, m,



25 TCTA is tris(carbazolyl)triphenyl am ne EHP- TCTA was prepared as in
Exanple Z. CBP is 4, 4'-N,N -dicarbazol e-bi phenyl. BCP is 2, 9-dinethl-4,

7- di phenylo h2dQshenant hroline. TPBI is 2, 2', 2" PCT/GB02/00750

-(1, 3, 5- phenyl ene(tris[1-phenyl-1H benzi m dazole]. 30 Devices for 11t and
27t were prepared in the follow ng manner. | TO substrates were patterned by
phot ol i t hogr aphi ¢ met hods, cut into squa28s 1" x.|" and cl eaned
sequentially in detergent, NH3: Hz02, | :1 and deionized water for 1 hour
in an ul tras}\dm)i,dzlbaltiﬂ @kaH),rm, @Hm hgzilrﬂ.a(ﬁ-ﬁ m,a(m{))B abr(y2 i, o, ;QEOTH, J,hR58Ir y
substrates \;&5 tran gﬁirfé ﬁ I‘ | GGSS2 ' -4S PCT/ GB02/ 00750 a dry
Nz at nosphe g‘% & A&y Mer é’}@u@}d 0334 §21(3° By Palifs PyFoamfrent
(Em tech K1 t t b Fi | he dendri mer
doped CBP o&%@]\;\ﬁgrﬁg’“@gb@@eﬁ%&h%@% %u ?ztzelébb%ﬁ3gid ‘coating inside

. the gl ove-box. Spin coating was perforned using solutions in CHC13 (CBP and
TCTA} or toluene (TCTA) S at a concentration of S ng/m with spin rate 2000
rpmfor. § Byampledldried spin-coated filnms were then transferred to the

chanber of Y g e for Wi t hout exposure to air for
vacuum depo HER—6T—S tdent organic charge transport |ayers and/or

metal el ect r}%@ﬁs[ét%ﬂ Eﬂ,ﬂﬂf@%{ﬁ@ &@Hez&l&@?éﬂenyqﬁ_@ gﬂgﬁ ri iym
evaporated layers S monitore I'N- quar ry m c o al ance
and mat eri al(Ilas deposited at arate 10 of 0.1-O S nnis. Devices based on

11 and 27 emit green |i th C.LE. co-ordinates around (0Q.31, 0.63 )"
whi | st devi e"e@l%ag%f gﬁztGth}PYrL@%%tO thmd)eedl%dépmlmrbxdraﬁeound

0.64, 0, he
areen’ ent 't (48 0348 B LR AERTShe3 AR it 3R] R Feadd sl e
wi th a char ggnpérams Q51139 °Chtder atgon ForTF pbefaf’aﬁaemg%dwclem pekiag | ayer
(TPBI') between the m ssive layer and the cathode can give a further

ef ficiency imighoywaepassed through afsmhmcgeﬂ heltimnhsingathyd acdtatg- 11ghpr®16mT @ has
fairly fl bl S-1 % th lit t

n the of 1 craoy TV e LRETPseuctic hu Bt pavcoliceas Da e g "
ookl iy SR 1

and a bi pol ar charge transport materi

high efflgi Gmtr&tlmeheremiuemdvafshmmﬁhMH&\I\Obim3)oﬁhg/bxaglﬁlyﬂbd)w solidjsvas C
llayer (final rowin the Table). 2S Exanple Z This exanple is illustrated in
Figure 18. 3Jwieg7magh -he'rgsedpe.sms mecipifated using DCM and MeOH (3 cm’) to give a

(27 e R NG SRR LRDBONABS, the cvces o 237G

Ph)Py 7 was collected from the mother liquor. The two products were used without

further purification for the next step. A mixture of the above obtained iridium complex
20  and recycled 2-(3'-G1-Ph)Py 7 and silver trifluoromethanesulfonate (34 mg, 0.133
mmol) was heated (bath temperature: 130 °C) for 3.5 days under argon. The reaction was
then allowed 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 IrCly-3H,0) of orange yellow solid
25 as I1; TGA 4y, 400 °C; (Found: C, 76.7; H, 7.2, N, 2.1: C,35H,56IrN;O; requires C, 76.9;
H, 7.5, N, 2.0%); Apyqe/nm (thin film) 279 and 390; 5,,(400 MHz; C_DzClz).O.-92-1.07 (36
H, m, Me), 1.31-1.66 (48 H, m, CH,), 1.73-1.86 (6 H, m, CH), 3.95 (12 H, 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),



WO 02| UGGSS2 -46 PCT/ GBU2/ 11117511 Tri s(di benzylideneacetone)di-pal | adi um
(0) [Pd2(dba)3] 14 ng, 0.015 mml) and tri-ter-t butyl phosphine {10%in
hexane, Qv@d2/6d¥83, Were added to a degassed (Schlenk line, P@y@%y@dﬁd and
back-filled vvlth argon) m xture of carbazolyl conpound (3,6-di[4

et hyl hexyl oxy) phenyl ] carbazol e; DEHP-Car) (860 ng, 1.49 mol), tri s(45

br onophenyl ) am ne (200 ng, 0.415 mmol), -88di um t ent - but oxi de (240 ng, 2.49
mol ), and distilled toluene (1.0 an) and xylenes (1.0 cnB). The dark
purpl e m xt grie (Bag nqiqzsm)sam SORA(NHPRS pyﬁ) @g(m Nmat@gcgz 10.8f141% zsvy bl gat h
tenperature of 13 0 O under ar gon 4 The m xture was all'owed to
- cool and quefdhzu3w? HEG, (1[)55,12@3) 13314 hlBrﬁleédB b34.2,d129cth 1297 ot @ygr aphy

give 468 ! ?%%“3?%33355% S eionati 4. deb aomd ey spBBeiilts. ©
)7 s | 202 ?logﬁﬁ&%a?ﬂﬁ%“ WP 50 o 12k

ArOCHZ) 57. 07 (12 H m AH), 7.54-7.77 (36 H m ArH &CarH), and 8.40 (6
H m CarH); 8(126 MHz; CDCl3) 11.6, 14.6, 23.6, 24.4, 29.6, 31.1, 39.9,
71.1, 110. 6Example1218 9, 124.5,125.8, 15 725.9, 128.5, 128.7, 133.4, 133.09,

134.7, 140. I’L4 8, and 159.1; mz [MALDI] 1967, 1968, 1769, 1970, 197l
(W)-%HP—M@—M’ e red as fol lows: 20 A mixture of

3. & di br om0zl Pofea s Qa3 37, &:ml..@%ﬂ@%?ﬂﬁ%m
GOBXZ( Ref er ence Exanpl €

g
tetraki s(triihenyl phog)i ne) pal | adi um (0) (800 ngy, 0.692 mol), 2 M

Eﬁiﬁ:ﬁi& WARL M AT @ﬂ&re%{lgat SO TGs A BorayrEe sSRIaRs: f:ﬁrz i
T X
ot her (40 o FaFoili Hil§NEtul e 1360 fd A1 Anithh RyekEllacd aBHbaRRC 20

extracted wiglatiet BEplafiduns (BPcHloBde (lThanQ,r@@mdl)amefenmﬁkritl& @) eTheext ract s
were conbi ned, washed with brine (1 x 50 cnB) and dried (NazS04). The

sol vents weseluonphehedtsd atercrﬂwem@nd streanu pf mitregerhtp rempvmihe eholspdbyripaghy

I t at e- | trol 0: 1to 1:-10 d
DN et hy| - aEBIPHIE Nrilgh e ME G TP Sll B Gt hehper - Grtioppn By
699 f 3 6 WO
(1] ﬁdf&'ﬁ@&w FHES G DGNHRAL bl LB verrondy Lmde frovhere”
dendrirner Ic6mbinled| ahd Atrdetr parifiedioy eoldrin ah@maﬁga;myommmi’mmghammojeum

accordingly. -Styrene (4) Potassiumtent- |de 8 8.76 x 10'3
nmol ) was ad&bd) @afaww Ths combhined,rapterial Mrrecrbﬁta f§‘%\49 g’?‘e

Fi()g:rglae(zRB]séé gwggzgfng(%/gbﬁé??sg W%ggﬁ%wgwﬁ ?@I W&%g&l;tl rred

for 1.5 h aB1BIHang; Npe. 1$@H7yIQJam4Pemuﬁ6b(Cr81VQzCH4(82 Qetzrl%):bvmxﬂ@t)/hnﬂrlsm
60-80 C (75 crng was added, the mxture stirred for 10 3(i’d«r;@ssed t hr ough

pad of2Gsi (Cee),and 96?1éCp€dﬂtr@ms)e7m(GHC\hD/m (begefdm’anel Pliﬂak ¥8skc- pom

(m é" ) S tador 5825 1El . S tu el o (oMRiRCh) B8 ¢ 503
(1C21I 1 2 B 3?9.\2196748 oHlnF&erP«tinymgFﬁn #Obrls, 29H9, 8298 H, 1.0 0z96 (m

~uoi ophenyl y-S-bronopyridine (S) A mixture o

2, 4- d| f | uor GpERANAIBR D8 I, Qbipyrioly H)PmEZTMALRIZ223 (MH'3 nol ), 2,5
dlbronDpyrldlne (3) (0.5 g, 2.11 x 10'3 nol),

t et r aki s(tr| phenyl phosphi ne) pal | adi um (0) 20 (80 rrg 6.9b x 10'5 nol),

aqueous ponate solution (2M 0.2 cnB), nethanol (0.1 cnB) and
t ol uene %52 %—ms heat ed under reflux for 18 h: Water (10 cnB8) and DCM

( 15 cnB) WBPMdmy we organic |ayer separated, dried over anhydrous
"magnesi um sul phate, fil ter ed_ and'concent rated to a crystalline solid, which
was purifie 1 Totral3'i5,-di Sh-dit S8 -distest tw ce.

butylstyryl)styryl)phenyl]porphyrinato platinum (II)  (13)




25 Yield 240 ng (42%; SH (500 MHz; CDC3) 8.81 (d, | H, 806 (m | H,
7.93 (m 1 H, 772 (m 1 H, 7.07 (m 1H), 6.98 (m 1 H) Conpound (6) A

m xture d (5 (306 ng, 1.13 x 10'3 nol), compou ny,
1.36 x 3%989@%}'% Herrmann's catal yst (12 ng, 1.28 x lgékar%mﬁ@%

N, N- di met hyl acet am de (6 cnB), sodium carbonate (0.13 g) and
2,6-di-tert-butyl p-cresol (0.14 g, 2.863%10'i nol) WO 02/ (1 GGSS2
PCT/ GB(12/ 00750 ~8 was heated at 140 C for 2 d. DCM (10 cnB) and water (10

gnﬁ) dvver e addlﬁl;l]aS 2 &eimalgoitidi(3,44+di(3 'S Syali-edre tutylsgshigsty il )phenydlperphfrid (W B) |
ried over an rous_magnesi um sul phate, fjltered and conc ntra to a
. brown oil @21 iﬁ&mﬁ&ﬂé&a%&%&&%ﬁ URymgp kY3 punel Wésﬁ‘i‘feﬂtﬂéxane

| uti

el h“%lé°n§%§5’c§ﬁ5 o B i (8L b ¥ fimB i hEnaBhAYR o”! -

. 7.86-6. 95 (3] GndhwasiBedid vith fufthéd benkonifiilé FF@EHP)ZTIIB mitturéOwak. hdgted @t reblox H)
0.96 (m 12 H) Conpound (7) 10 A m xture of conpound (6) %450 ng 6.41 X

10' 4 ol )5 amddera stmamnﬁmtmomﬂbmmquwlv@mmgenwhfmﬂe %5B) Theas

wes passed ShPGHgTEspaed A PR s Ao b B oy PROBERR YE o) -
The solutio t

col umm chr o%@?lléﬁﬁﬁﬁ?‘é.f@@2”35?1%*’%%%%*?%%'@ R
ngéB% 8. 26 E{){,@fo%\gﬂ)z,k CBG@Q%(%(REI—M,s?—EB R185. 6{5r(112(1H hi),vniylHJ&(AdH)ASlH)

. S, . ept, , 1.7 0.96 12 Co d
(8) A n1xtur(éHﬂS,66&138&4&8(}#)5,@}1)35“%05@1@5 pywlw%| )(n} ri d:_?Jm (HF?un
chl ori de dri hydrate 20 (40 ng,1.13 x 10" nol), 2-butoxyethanol (2.2 cnB)
and wat e} (0.35 cnB) was heated at 140 C for 20 h. DCM (10 cnB) and water
(10 cnB) werseviddebridadi®nor gani ¢ | ayer separated and concentrated to a

yel low oi | which was purified by colum chromatography (silica
DCM pet r ol eliBDy wetei fobriceddsy s Iollbvx]mg metliod| Eht@nwlm@wndm OXIQG%@Omd (7)

VO (13] O SSEWEISET Slaneron h A ens ol ZAaPERL PO R B RuAdE L0 C 1 or
24 h. The produgls Wos APEDGE (m(ye‘f)osLJMen spin-coated from water at 1000 rpm onto the
15 * cleaned ITO substrate and dried at 80 °C on a hot plate for 5 minutes. Dendrimer
solutions were subsequently spin-coated onto the PEDOT layer at speeds of 800 rpm to
give films typically 100 nm thick, and an aluminium cathode was then evaporated giving
devices with active areas of 2 mm? Device testing was performed in vacuum using a |
Keithley source measure unit for dc operation as well as a Hewlett Packard pulse
20 generator (rise time < 10 ns) for pulsed operation. The RC value of the devices, defining
the time required for éharging the LED, was estimated to be in the order of 100 ns and
driving conditions were chosen appropriately. The emission spectra were measured
using an ISA Spectrum One CCD spectrometer. PL and PL excitation (PLE) spectra
were obtained on an ISA Fluoromax fluorimeter. All emission spectra were corrected for
25 the instrument résponse. As a crosscheck, PL spectra were also recorded on the CCD and

found to be identical to those obtained on the fluorimeter.

Example 14, Device Results for G1-Pt-porphyrin 12



chromat ography [silica gel, DCM petroleumfraction 60-80 C 1:1 repeated 3
tinmes] to yield a yellow glassy solid. Yield 11 ng (5% 8H (400 MHz; CDC13)
8.16 (d, v’,ﬁolfg/ ¢6sH2-6.82 (m 42 1~ 6.30 (m 6 S H), 3.86ptMghZoddse 2. 70
(m 12 H, %( ept, 6 H, 1.70-1.25 (m 48 H), 0.96 (m 36 H) The PL
data for this dendriner are as follows: A thin filmof a blend of conpound
8 and CBP (20 wt % of conpound 8) was prepared 10 by spin coating the
dendrinmer/CBP mi xture froma 1 ng/m solution in DCM at 2000 rpmfor | mn.
The Cl E co- dildisratidsEbfevibes vRire srails ssiog 12 bleodedawith vithdr d88&imenA wer e

x=0. 144, y=0.326. 1t shquld be noted that in this anpl e, as in the other
. It dendri nefe %‘Eﬂ%éﬁg )-Iﬂlrﬁsr‘éfzﬁl@oétqu?%jé“&F%Eﬁf@eg§5rgg1nﬁ%ap‘i"ﬁgjrﬂg the Ir

are coval entbiBuiny hio blndtinfRe 0t dS v HEB P RIALSE BhdsY oPRIINT SYST e
may have advantages 1n terns of stabiti over systens in I ch ohe of the
t hree coor dicoaéspondigp @l pendls oy 6f Approximatelych furdde prase sepavdiiod A 49EBbaed

PCT/ GB112/11117S1'1 50 CLAIMS 1. A light emtting device which conprises at
| east oné | asirthesepincennied flensand their absorption Map feundda de psum ofithen a net al

por pyr 1 . Sompouseli Je€uBs pEftRgIEE" Enckries 15 RGl PR BRI I STS T e
l'ight em tF?P%Ja{eﬁyoﬁTﬂxe Sdivid@eafeiagCcording to claiml or 2 wherein the

dendri nmer i he light 10 emtting material. 4. A device according to claim
1, 2 or 3 wherein the dendrimer is used as a honogeneous |ayer. 5. A device

according tgo any one of clainms 1 t wherein th endriper |s_fluorescent
in the sol i dhgsyathesisgef 4 1s desgubaddp B‘T‘C&Eﬁ‘@mﬁ’if iﬁ’g%??@e@f“ W}tg' ey 4
wherein f&eﬂgﬂl feisnﬂftoi phorescent in the solid state. 7. A device
according to any one of e preceding clains wherein the dendriner has at
| east one inherently at |east partially conjugated dendron. 8. A device
according to claim7 wherein the dendrinmer has at least 2 20 inherently at
| east part i dendrimenBunrs ddpiokdasfolews:9. A devi ce according to claim8
wherein all the dendrons are inherently at

1,3,5-Tris[(4’-formylstyryl)phenyl]benzene:

15

A mixture of 4-vinylbenzaldehyde (1.95 g, 14.7 mmdl), N,N-dimethylacetamide

(40lmL), 1,3,5-tris(4'-bromophenyl)benzene (2.00 g, 3.68 mmol), trans-di(u-aceto)-
bis[o-(di-o-tolylphosphino)benzyl] dipalladium (II) (10 mg, 11 pmol), 2,6-di-fert-butyl-
p-cresol (646 mg, 29.3 mmol), and sodium 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 mL) were added. The aqueous layer was separated and extracted with
dichloromethane (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 recrystallisation from dichloromethane
gave 1,3,5-Tris[(4’-formylstyryl)phenyl]benzene (1.24 g, 48%) as a yellow powder, mp
163 °C. Anal. Calcd for Cs;H;405: C, 87.9; H, 5.2. Found: C, 87.4; H, 5.4, v, (KBr)/cm



| east partially conjugated. 10. A device according to any one of the
preceding clainms wherein the dendriner is blended with at | east one ot her
dendri meky@nsddkspol ymer and/or nol ecul ar 25 material. 1lpcAc@evEso
according to claim 10 wherein the organonetallic dendriner is
phosphorescent in the solid state and is blended with a correspondi ng
non-metal | i ¢ dendrimer which possesses t-B& same dendritic structure as that
of the organonetallic dendrinmer. 30 12. A device according to claim 10 or
11 wherei n t he90@=a0) 4ndtdoad (OECH gan el ACH,CLYamd8 58 og tAandhbEemeByImNent
is from1:1 to 1:100. 13. A device according to any one of clains 2 to 12
. Whi ch conpr 5g6680 MHz, CBCRP7. BCand7.35 BCH/, GR(226.5 Hy! s{nylicH)add® (6 Hp to the
light emtting |ayer at | east one charge transporti ng and/ or inr:éecti ng

| ayer. 14. N2ANBIE, epBdrdih§ H.ol/2i Bie coftl)t hdl 6 be é@iday BE’ a¢pld), ik @i n

t he organo allic.d Il ner e fqQunu L)y 5 = - I\ TEJ~ (1)
in which S’rch&QsZ%géggf ﬂr@?@? Bitégnc‘)oﬁs %\“Jgf%@ﬁ goﬁt(%ﬁ%ﬁ’g‘ L‘Eﬁgﬁo ion, n
representss gpprnfe@g). of 1 or nore, each DENDRITE, which may be the sanme or
different, represent’s an inherently at |east partially conjugated dendritic
nmol ecul ar stfgf;BrdB conpri sing aryl andl or heteroaryl groups or nitrogen
and, optionally, Peiagsilimaerranedxidee(17l mf V5D uisoly vapaddeidioVd olwn ¢ff 1,35-
hybri di sed carbon atons of said (hetero)aryl vinyl and acetyl enyl %&ou s or

via Isi ngl edﬁ?ﬁ[@é’-mmﬁyl&pml]bmcm(é}érrpg, %97gmp@é), B@f?@ﬂcéﬁﬁngdﬁﬂ 7% ]'Ehe
he t rst (Ml brgpamo SBGt e or e JRAmiy ML ACFOPE TnliBhe Vi TR

partial Iy cony it b i ) i } m or
Rt or mi g, paneHEgHEEIPRL thn BIGLANGDO0F YHLABOE) 42 deHOBRCERIORD ALY

clains 1 towkd ahdsdeamd thee orgageniapet sdphratedd € aqueoush tayet lvas faxtraetbd wikth ) :
20 CORE- [ DENDRI TE' J" [ DENDRI TEZ] i n_which represents t al

(1
ion or a gr8isplosomethang (24 “&L)r?é‘@g?llefi %ﬁe}(ﬁo B Wes adiinddn theaaAupustipwer SsioEe &y

di fferent, ' ger t .%E@B‘N ! jch
may be the gg%@x%rg&éoﬁs‘?@ gi_%plo\%é%’écrﬂww ei(gé 6‘}13;&@%%@1%“%?@%& ac h-g%éul\ﬁg“ EZ,
whi ch nmay beith!b@ing 830EmPY, deiked b ey drdiR BodiuinsulibR afilesred, Aad1th solveRr&AEVd.

.dendritic 25 structures, at |east one of said structures being conjugated

and conpSi siThe residue wasipwifiddchyesadumy chrpneatparaptydesr siicerin jwe stepa, The first
ti Iy, vi | /. tyl | 3 ted vi
obr b zed” clpBIAoeesh s o dRRR ieb R Fomi e 185 8Py pat s

or via sing t _ i kO
poi nts and/ E}% r{?ﬁ%‘?ﬁcﬁﬁé\%@%?ﬂeﬂgﬁﬁgﬁe rsgﬁ?%‘?’rﬁ#b’g‘% (r?;l'lg s?srll&%cE{VNéts)erlﬁzlt'%r%gang 30

di fferent f nsing tkitddoromebahERbM e iroletRmmixeurai{h@to 2§) aneludre teging Be(369 g,
which is connected to a

Sp2. hybridized {ring) carbon atomof the first
(het er o) ar yPO@-oliprthsr DYFIfIE S Py TecTyfp ﬁatmr}%ong ﬁgw%&ﬁ%meﬁﬁ?%aﬁ%old@ﬁmr?t ic
branch i a C. i : . atom
or "N forh nghar el Bt es iR eltisho S Rt ey
term natingoaf oth&nsll 0gled HOOY H 0 £he1 bi HS8.8bran@hCngl.poNd.1 fer (KBey/@hher
of said DENDRI TE' or DENDRI TEZ, ‘at | east _one of t h_e CORE, DENDRI TE' and_
?EL\IDRllgEihb%@ecJ;@ﬁH #AEY AL (CHRCLHnm S Thg16 g Anfme Dot 6006) B 738ty (So1tp af 400kl M8
o] erein e
(5.22). 84(400 MHz, CDCl;) 1.40 (432 H, s, t—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), 7.46 (48 H, d,_ J=1.5,sp
25 H), 7.62-7.82 (87H,cpH, G-1 bp H, G-2 bp H and G-3 bp H) and 7.90 (3 H, s, cep H); m/z

(MALDI) 7905.2 (MH', 100%); Calc MH* 7903.1.

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



organonetal lic dendrimer has the fornmula (111): CORE-[DENDRITE]~ (I11) in
whi ch CORE represents a netal ion or a group containing a netal ion, n
repr esentygodpadeRieger greater than 1, each DENDRITE, whi cRciRigoRgisee same
or different, 10 represents an inherently at |east partially conjugated
dendritic nol ecul ar structure which conprises aryl and/or heteroaryl or N
and, optionally, vinyl and/or acetyl enyl-34+r oups connected via sp2 or sp
hybri di zed carbon atons of said (hetero)aryl, vinyl and acetyl enyl groups
or via singlle sitbahe hettiesane fduadtb giverise tw)arabsomption pegk 380 ninefreAnhé bwre

| i nks between adjacent branchjng points in said DENDRI TE are not all the
same, 15 COREVESdISSi 1Al nghtil(ﬁ‘a{ plesomtion) al 438rmawhidyt in B thsrhost glves tise 1o ap'
hybri di zed i ? f . t I ich
more than oRg BT AP AT 2 dolfipliod Binds A SN AL H 420 EBLB LALLM S
form ng par hinkosaigdn@ENERIESordthad QOndg RERIG plyrdeil2lg | um nescent.
17. A device according to any one of clains 14 to 16 wherein DENDRI TE, 20
DENDRI TE'S and/ or DENDRI TE2 does not include N as a branching point and is

an i nherent at ast partjally conjygated dendri.tic | ecul ar structure.
18, A Gevi cdlmie b} Sty Homd i shate preRRlsG? absaithti: o pSiuPs fion
or ganonet al kj [ ' ; 5 ' [ Ech
oot dend P e oo B B e B B
wher ei n t he emiésidn @B Ban thedluetdnd peaksat 4 g tandirgieb blemls thO gueht dendriaer 12
according to any one of the E{re,cedi ng clains wherein the netal catjon is a

cation of aecaul§iipdhe redtianeardR with geaks e 662 BBy #idnG /tn-clhsi fIsEsionnd s Rotthe

el 10 A ATl R B AR B SR By e

a car boxy!l atgliéfeddo BBERY 1o phvkplbrédRencéSForbolieiHeCs : 22 afd Bi:11Q Ylénda e REPDf
the preceding clainms wherein the netal WO 02/ A ~Gbi 2 PCT/ GB(12/ 00750 53

i ons are exehussiomsisynuch stronger éhanrtbe goest PR\ eddssige according to any one of
the preceding clainms wherein the HOMO LUMO energy gap of the core is |ower
than that of the conjugated noieties in the dendrons. 5 25. A device

according t : j e} 2k B; kLR y&y@g&@p )
gap of the %?gqsggﬁ?ﬁ&?%%ﬁggﬁ%?#%ﬁggg%@gggg‘f@%%,? ﬁg&fﬁ r acg to tslﬁéé} poi nt
of attachirent thoblehé B 012 compared taldhwi Ple speutr; dn ngnttast tnthe Me i ELt the guest
precedi ng cl ainms, wherein at |east one surface group_is attached to, t

di stal end &missien Baisar mpessirongenthan hedost erpissien it ﬁlﬁr&f lzeblépcgiq:ﬁf the 12
whereiri at .l east one rfac up i e t - | e
al kene, (netbhﬁngctﬁfﬁea{f El?sg%ﬁlnb t?Jargé %Oﬁe§%ﬁ$§é§8%%ﬂgg+l co?itg%ﬁ a‘?ﬁ‘#‘ﬁé‘?ﬁﬁ‘t&ﬁ%’ a
sul phony!  grafUBughithe Ghoredsh & leSH rabiiked thah-ih thezase bf theHy/] 1Dblend; Therdifisrenees
group; a nono-, di- or tri- C -to-Cl15 alkyl am ne grouE; a .-COO?.q%roup
wher ei n R i detwetndeBLend BL-spestigpee dueity Charge tragping inghe Eludeyisssa whichaffects

hydrogen, aryl, or Cl;tq-Cl5 15 al kyl. or kenyi : .z QZSR gr wherein R
is Cl-t 02%15%1%%%006‘351"3&2%%‘?“?3-&“l"?é‘FP‘@‘?d&S efﬁﬂ%?@?‘ﬁﬁ’#ﬁ i“ééﬁrgg'#% CIEPSIO8- c15
al kyl or al . S BoNPEELidV I QSRS

di fferent ar‘f}:gﬂﬁaree dﬂ?ﬁ?%&jﬁL%n%’s‘ ~??)-‘C, S@g‘f{’ﬁéfe:gecgrg %I kenyl%hg?ﬁﬁlg%?%%lsf R

is aryl or @tivirg. Ghbasalsefoundrtha teenisla epemdyghce oftheleptisiamaspgdtrum on the driving,

conditions and the duty cycle.

25 Example 15, Device results for Ir dendrimer [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

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



28. A device according to claim27 wherein the |l ayer containing the 20
organonetal lic dendrinmer is deposited by solution processing. 29. A device
accor di ngyh@2médkan 27 wherein the surface group is such asci@EboeNMo

sol ution processing. 30. A device according to claim27 wherein the surface
group is such as to allow the dendriner to be photo patterned. 25 31. A
devi ce according to any one of the preceddng clai ns wherein the col our of
the em ssion is controlled by the duration and frequency of the driving

el ectrical pipleaylyB25-(4Atetcvitglpheryd)st,djdnaxatlizzelr)). The stafctirbeopthe ¢cwdityygesafai s
which is a lightemtting diode (LED). 30 33. A device according to claim |
subst ant i al I9V158 W8S ei nbef ore described. 34. An organonetal |ic dendri mer

whi ch conpri ses t ti ri; of its core and two or nore
dendrons, wherei 2T§?Ifée%§?/gﬁ21%2i‘% dendrons i s conjugated WO

» 02/ A | S52 PCT/ GBQ2OOPEINOT / detined B r1@i :iPBIheadendrimer is | um nescent in
the solid state and wherein the core does not conprise a magnesi um chel at ed

por phyrirfi  3heretin the Hend e ratip of densiniamar s 10a PEIP 8 hy0.do 04 by weight, whé tepn
the core is a conpl ex. of met ti and fwo or coordi natin

or oups. at _ ERER B pfnedohthih acPtendR ATk ik of PSRt Rt fetiheritiong <o
a dendron. %‘ﬁend@@llﬁéﬂmttﬁbﬂ c dendriner of fornula: CORE-[DENDRITE] ~
wherein CORE, DENDRI TE and n are as defined in claim14 (forrmula (1)) or 16

(formula 111)) said CORE not conprising a nmagnesi um chel ated porphyrin. 10
37. An organonetal lic dendrimer of foropula (J1);

- CORE - [ DENDRI TE] ~
( DENDRI TEZ] rhhe lemjissigfespertia eicheneatmatyriatsas webagthe lends age shoymingiig. ks The

or 37 wris o R (O S BRIRPRLAL Ul o PRANTPFR by RS 38 fdifellior 3T,
wherei n M i si@adBé28 nth The ®afAind dorkd d¥kiiriRer IBPehliintBEBluE (pedkfaf #6E@Mth). Ths a
coordinating group X attached to a single bond in which t erm nat es,

each Y, whi dlendaypotiethehlmst and ther gugist ¢raitehhs ELsspactownoditheblend igmotip merei s
an integer and r i.s O pr an integer,. the sumo a. +.(b.r ei al
26 the- nunbonsesposiSer of s ior Aaf BEY: I, B iR s Mt bl Pt
number of Coghtti BRLARRIRHLRS ip [94idniABM: Undtfuchies AHIABH below RO bed3H e
sites on V. . An organoretal[ic ndrinmer according to any one of clains
34 to 3515hiiddivbrsdepldrinehdvied significantly, hmescdmissiad bdnd.is difservad ab6@amowehiah| i ¢
dendrinmer according to claim34 wuch has gne_or_ 25 npre Qf the features of
claims 5 t o formsihe emissipnapaximym insomegasrsnttia bandis aatigmmediately vasiblaimpeat o
claim 34 or %dehi%h has one or nore of the features of clains 7 to 9 and
14 to 28. 45.— KVG&Ydri mer accor di ng to any one of clains 34 to 41 wherein
the metal as part of the core is not magnesium

The blend 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 between host and guest. A strong dependence
of the emission spectrum 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)Py];Ir (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



30 43. A dendriner according to any of clains 34 to 43 wherein the netal
ions are exclusively at the centre. 44. A blend of an organonetallic
dendri merwaan@b@sied in any one of clains WO (12/ (1 GGS~;CI%?;E§0?§9%6OO7511
55 34 to 43 and a corresponding non-netallic dendrimer having the sane
dendritic structure as that of the organonetallic dendriner. 4S. A blend
according to claim44 wherein the nolar #&ti o of organonetal |ic dendri ner
to non-organonetallic dendrinmer is from1:1 to 1:100. S 46. A process for
produci ng aishagnifieant ingreageinitherdd tail eavissiannd 16f The davies cansisting4d 10 whas otore
process co i Ses; providing a core by formng a conpl ex between a
netal cati gﬁﬁl %E%%%?tcﬁﬁ%"%g]rdi nating groups, at |east two of the said
groups bearing a reactive functionality; and 10 (b) treating the core thus
provided with two or nore dendrons whi ch have been fiuactionalised to
render thenxanqie¢ V5 Devicrésults¥or IG2Rt-puyphiyeinc(1)nal i ties present in the
core, at |east one of the dendrons being conjugated. 47. A process

accordi né to claim46 wherein at | east one of the coordinating 1 S groups

d i i ye f i ' d. i ps . f f
attachnent CBUE JRrGr BVl qro Bt $Phbsrat ol RETHET 1), o4 BPerAfs o o
47 wherei n eREHOTAIAADN Th BigheP14 IRWE dpdituaEiiB!id bord %@@fd the PLI spedthth 6T 14

or 16 and/or by one or both of DENDRI TE' and DENDRI as defined in claim
1 S. 20 49. the GI-Féqosphydn dendignerdlZinyAsdas prefviasiskyi hesn dbsered4s bofhdresibase he
.core provided in ste a). i,s represented by foroula (I as _.defined in
o m 37" wh ettty b Tin Aot e B ShectarabibihicRptara e ingef Polopbc oss
for pro i {o as defined i'n any one of clainms 34 to 43, which
pr ocessdl(lg)(c)ng%rg}ég@ﬁgsdn@?k'attachi ng a coordinating group to each of two or
nore dendrons, and {b) form ng a conplex between the coordinating groups

and a netal cation wuch is optionally bonded to one or nore |igands which
remain in t Examplel8ing conplex. S 1. A process for producing a dendri ner

as defined iH.an e pf s 43, .m0 pr S 0 ises: (a)
attachi ng atxg‘go?%m??g? Pﬁa réé %%%lpgiregg%&rg?ert%H@S}r%%grlg%ggwgr1§hg?é (%%refl‘é m ng
a conpl ex bagtveen a}ig[?a@@&aﬁigﬁati ng groups and a netal cation; WO

(12/ OGGbs2 PCT1GB( 0(1751) SG and (c) optionally further tredting said
conpl ex Mi t KGbppy)driphddd) €ldd) t i onal coordinating |igands. 52. A process
according to claim50 or 51 wherein each dendron is 5 represented by

DENDRI TE as defined in claim14 or 16 and/or by one or both of DENDRI TE
and DENDRI T ' [ j : i t | @k 19 50
o 51 uhor ern gt EHRE s Wl Rl ek ro & i eSS R T g 5 T e
met al cat i ommel),s tePenzbjb]ihtophepLedpyridiat b{ 0§ o(1ndd ag( 1683 amntid} | siedl silvec| ai m
3 8. 10 .A As. As. As_. A9s|.ALs% A9s9. A9 r. A . A9 L. AL[s. ALsL. A9s% A& 9. A9
AL . A9s . Agdiflygramethgresplphonaje (8 mg, A3lo mmol) and the solution stirred at room

20 temperature for 5 min and the solvent completely removed. The reaction is shown in Figure

16. The mixture was then heated in the melt at 150°C for 67.5 h and allowed to cool. The

-residue was purified bsl ;:olumn chromatography over silica with dichloromethane - light

petroleum (1:2 to 2:3) as eluent to give (Glppy),btplr(Ill) (111) (130.4 mg, 28%) as an

orange solid. 8,(400 MHz, CDCl,) 0.98 (24 H, m, CHj), 1.30-1.60 (32 H, m, alkyl H), 1.79

25 (4H,m,OCH,CH),3.94 (8H,d,J5.5, OCH,) and 6.81-8.05 (41 H, m, aromatic H). m/z
(MALDI) 1681.4 (M*, 100%). ‘

A mixture of the above obtained iridium complex, recycled ligénd 5 (about 244

mg), 2-(4'-G1-Ph)Py 5 (200 mg, 0.313 mmol) and silver trifluoromethanesulfonate (70 mg,
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FExample 20

25 Gl-Phen Re, 32

Tricarbonyl-chloro-{3.5-[4'-(2"-ethylhexyloxy )phenyllphenyl } phenanthroline rhenium
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100 y10@Q 10% & ()-"$10% & ()- ,, & 10% & ().

$10% & ()-,"Z10% & ()-, & 10% & () - 10@1E‘43/9' 10" y10S3&10% & () - @10% & () -

, LOMB1O0% & ()- . @ 10% & () - 10%. & ()- F+10% & () - C10°yl!'s10% & ()-L

10% & () - 10(% ruxtpre of the Ig}zenan%:oline ligan(d)ﬂ (126 mg, 0.158 mmg)) and peg/tacarbonylchlcgr%
rhenium (681 mg, 0.190 mmol) in 10 cm® of toluene was heated at reflux for 1.5 h. The
mixture became yellow then orange. The reaction was allowed to cool to ambient
temperature and the solvent was removed under reduce pressure. Purification on silica gel

5 column using DM-light petroleum as eluent gave 76 mg (41%) of 32 as a bright yellow

powder; v, /cm! (KBr) 2021, 1916, 1893; (Found: C, 60.5; H, 5.5; N, 2.8; C,oH;,CIN,O5Re

requires C, 60.6; H, 5.4; N, 2.9%); Ay,,/nm (thin film) 276; m/z [MALDI] 935 (M-CI).

Examples 21-24
10

These Examples are illustrated in Figure 17

Example 21
.PPh-BOR,

15 2-[3'-(4".4".5".5"-tetramethyl-1",3",2"-dioxaborolan-2"-yl)phenyl]pyridine

Tert-butyl lithium (1.7 M, 36.6 cm?, 62.1 mmol) was added to a cold (dry-ice/acetone bath)
solution of 6 (8.10 g, 34.6 mmol) 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 cm®) was added rapidly to. the cold Iﬁixture. The reaction was stirred at -78
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 anci dried over anhydrous sodium sulfate and the solvents

were completely removed.

25 * The aqueous layer was washed with NaHCOsy (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 solvents.
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%) of 23 asa white solid; (Found: C,
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0 s g?é&é)-s%?m%&' y-@f 1 T0% & ()-4 @70
| () 109 VR EBRSIIES 0B (BT A, PIR7(91-(1 Him, WD) 1076 AT % 2y(H); 3000 () -
1701109 ()-fl _E! 1;(1;5}6 & %ﬁ- $$é>"/@%@/&dgﬂﬁ (5)10( 'lg ! 10%&%)6_’,@]( ! 10’33&@%3? e ()
100& () -, - mLONE)(T.87 €1 By, PyH 81O m gAY, § A0 B, @ WrtDLamBad () B,
+ 109 ()~ @ L 100& ()

PyPRos (101 MHz; CDCL) 24.9, 83.9, 120.7, 122.0, 128.2, 129.9, 1332, 135.3, 136.6,

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

Example 22
DBPPh-Py, 24

2-[3'-(3".5"-Di-bromophenyl)phenyljpyridine

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 M Na,COj,q (12 cm®),
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 puriﬁed by column chromatography over silica gel using ethyl
acetate-light petroleum (0:1 to 1:20) as eluent to give 4.70 g (66%) of 24 as a white solid;
(Found: C, 52.6; H, 2.5, N, 36 CnHuB)’er requires C, 52.5; H, 2.9, N, 3.6%); 5(400

20 MHz; CDCl,) 7.29 (1 H, m, PyH), 7.57 (2 H, m, ArH), 7.67 (1 H, m, ArH), 7.75 2 H, m,
ArH),7.79 (2H, m, PyH), 7.99 (1 H, m, ArH), 8.19 (1 H, m, ArH); and 8.74 (1 H, m, PyH);
8c(101 MHz; CDCl3) 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[4"-(2""-ethylhexvloxy)phenyliphenyl }phenyDphenyl]pyridine
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tetrakis(triphenylphosphine) palladium (0) (274 mg, 0.237 mmol), 2 MN2,COs, (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 cm?), dried (Na,S0,) and the solvents were removed
to leave a light yellow oil. The oil was purified by column chromatography over silica gel
10 using ethyl acetate-light petroleum (0:1 to 1:30) and then DCM-light petroleum (1:20 to
1:10) as eluent to give 2.97 g (73%) of 25 as a white foam, (Found: C, 84.8; H, 8.7,N, 1.1,
CgsH,NO, requires C, 85.0; H, 8.5, N, 1.2%); Ayy/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 H, m, ArH), 7.23-7.32 (1 H, m, PyH), 7.62-7.73 (9 H, m, ArH),
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, PyH); §.(101 MHz; CDCly) 11.1, 14.1,23.1,23.9,29.1,30.5,39.4,
70.5, 114.9, 120.8, 122.3, 124.4, 124.7, 125.7, 126.1, 126.2, 128.0, 128.4, 129.4, 133.2,
136.8, 140.1, 141.6, 142.1, 142.2, 142.4, 142.7, 150.0, 157.3, and 159.2; m/z [MALDI]
1201, 1202, 1203, 1204, 1205 (MH").

20 Example 24
Fac [2-(3'-G2-Ph)Pvl.Ir. 27

Fac tris{2-[3'-(3''.5''-d4i{3"''"' 5'''-dif4""-(2"""-

ethylhexyloxy)phenyllphenyl}phenyl)phenyllpyridine} iridium (III

A mixture of 25 (2.97 g, 2.47 mmol), iridium chloride tri-hydréte (174 mg, 0..50 mmol),
25 H,O (4 cm®) and 2-ethoxyethanol (13 cm®) was heated (bath temperature: 107 °C) under

argon for 60 h before being cooled. The precipitate was filtered off* purified by a silica gel
column using DCM-light petroleum (1:30 to 1:10) gave a yellow solid (900 mg) as the




93(M 109& ()- @IL0%& ()- n>>?22?2?2?2?27~ @- 1 109& ()-s109%& ()- 10 10 10S5y
109& () -, 4109 ()- !L.#109%00& ()- Y??1AKAABXBIE~ @- 1109& ()-!109%& () -
Y10%! () wé 0%isbdz S! 10%& ()- ! 109%& () - XBBCWDD>EEaB~_@- 1pdRUbutdirso

# 109 ()- ! Lg#10% ()-M 10% ()-&9, G'10% ()- s10% ()- EEEEFFxGa?~ @ -
| L. #109%& ()-:!L. #10% ()-: @' 10%& ()- s)10% () -

OF( 109& () - @&L0%& () - x [ GBERR8I | ~\

1" 10%q& ()-!"109%HH& () -! H' 109%4H& () - #0- 10 10@7 10%& () -

S5109& () - | gJJEKKILMe[ 9\ : )

|'s! F #109%H8 chlors-bHAMRier 26:5 H0 COGORSA 08 MM, D), 40K 29 ENNPPP
PP}oM !s!f#10% }s’ M 1008S& ()- 10HH 1 9 ) A28F
10HH! L- " 10964E8n( CHLY, 17280088 (1)6—H[,smf @H@,%mxz)l-l,sﬁmmfeéamm{ m, ArH),

10 0200 (IO QO (0 L0 () L5 M 300 ) TieeSsTac
8.03 (44 H, m, ArH & PyH), 8.18 (4 H, m, PyH), and 9.51 (4 H, m, PyH); §-(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 (C,7Hz0IrN,04-Cl¥), 2626
(Ci70H,00IrN,Oy).
*Meanwhile, the excess of 25 was recycled (1.96 g) from the solution after purified by

10 column chromatography over silica gel using ethyl acetate-light petroleum (1:30to 1:10)

as eluent.

A mixture ofthe above obtained iridium complex (900 mg), the recycled 23 (1.96 g) and
silver trifluoromethanesulfonate (300 mg) was heated (bath temperature: 145 °C) for a
15 week under argon. The reaction waslthen allowed to cool to room temperature. The
brown yellow mixture was dissolved in 50 cm® of DCM and then 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 IrCl,3H,0) of 27 as
ayellow solid; TGA 5,400 °C; (Found: C, 80.7; H, 8.0, N, 1.1. C,5sH340iN; 0, requires
20 C, 80.8; H, 8.0, N, 1.1%); A /nm (thin film) 271, 340 (sh), and 390; 8,(400 MHz;
CD,Cl,) 0.82-1.02 (72 H, m, Me), 1.28-1.61 (96 H, m, CH,), 1.70-1.84 (12 H, m, CH),
3.91 (24 H, m, ArOCHy), 6.97-7.12 (30 H, ArH & PyH), 7.22 (3 H, m, ArH), 7.43 (3 H,
m, PyH), 7.72 (24 H, m, ArH), 7.78 (3 H, m, PyH), 7.82 (6 H, m, ArH), 7.93 (12 H, m,
ArH), 8.02 (3 H, m, ArH), 8.09 (6 H, m, ArH), and 8.14-8.24 (6 H, m, PyH & ArH); m/z
25 [MALDI] 3791 (broad) (M™*).
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SUBSTITUTE SHEET (RULE 26)
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10 4. Substrates dried under dry nitrogen flow
5 Substrates subject to oxygen plasma treatment for 5 minutes at 100 W
6 Dendrimer film deposited by spin coating
7. Substrates placed in vacuum evaporator
8 20 nm of calcium deposited at 0.1 nm/s under vacuum of 1x10 mBar
15 9 100 nm of aluminium deposited at 0.1 nm/s under vacuum of 1x10° mBar

In step 6, typically a solution concentration of 20 mg/ml was used to achieve a
film thickness of 100-120 nm, and a concentration of 5 mg/ml was used to
achieve aa film thickness of 45-50 nm. The solvent was usually ChCl, and the
spin rate 2000 rpm for 60 sec.
20 For the devices with PEDOT the following steps were carried out between steps 5 and

6: |

A. PEDOT spun from water solution at 2500 rpm for 1 minute |

B. PEDOT layer dried in air at 85 °C for 5 minutes

25 TCTA is tris(carbazolyl)triphenylamine
EHP-TCTA was prepared as in Example Z.
CBP is 4, 4’-N,N’-dicarbazole-biphenyl.
BCP is 2, 9-dimethl-4, 7-diphenyl-1,10-phenanthroline.
TPBlis 2,2°, 2" -(1,3,5-phenylene(tris[1-phényl-lH-benzimidaZole].
30 Devices for 11} and 271 were prepared in the following manner. ITO substrates
were patterned by photolithographic methods, cut into squares 1" x 1" and cleaned
sequentially in detergent, NH,: H,0,, 1:1 and deionized water for 1 hour in an ultrasonic

bath before drying in a stream of dry nitrogen. The dry substrates were transferred into
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Devices based on 11 and 27 emit green light with C.LE. co-ordinates around
(0.31, 0.63) whilst devices based on 111 emit red light with C.L.E. co-ordinates around
(0.64, 0.35).
15 |
As can be seen from the results in the table, 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
efficiency of the device. It can be advantageous to blend the phosphorescent dendrimer
with both an electron-transporting material (TPBI) and a bipolar charge transport |
material (CBP) as this-allows a remarkably high efficiency to be achieved from a device
with only a single organic layer (final row in the Table).
25

Example Z

This example is illustrated in Figure 18.

30 EHP-TCTA

Tris(4-{3".6"-DI[4"-(2""-ethyhexyloxy)phenyl |carbazolyl}phenyllamine
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10 to 1:10) as eluent to give 468 mg (57% of Z as a light brown yellow solid; TGA sy,
375°C; A, /nm (thin film) 266, and 304; 8;5(500 MHz; CDCl;) 0.93-1.09 (36 H, m, Me),
1.33-1.674 (8 H, m, Ch,),1.78-1.89 (6 H, m, CH), 3.95 (12 H, m, ArOCH,), 7.07 (12 H,
m, ArH), 7.54-7.77 (36 H, m, ArH &CarH), and 8.40 (6 H, m, CarH); 3,(126 MHz;
CDCL) 11.6, 14.6, 23.6,24.4,29.6,31.1,39.9,71.1, 110.6, 115.4, 118.9, 124.5, 125 8,
15 125.9,128.5,128.7,133.4,133.9, 134.7, 140.9, 146.8, and 159.1; m/z [MALDI] 1967,
1968, 1769, 1970, 1971 (MH").

i

DEHP-Car was prepared as follows:

20 A mixture of 3,6-dibromocarbazole (12.0 g, 37.1 mmol), the boronic compound G0- -
BX,(Reference Example 4) (24.1 g, 96.4 mmol), tetrakis(triphenylphosphine) palladium
(0) (800 mg, 0.692 mmol), 2 M Na,COj,q (40 cm?), EtOH (40 cm®) and toluene (100
cm®) was degassed and then heated at reflux (with bath temperatﬁre of 100 °C) under
argon for 42 h. The mixture was allowed to cool and diluted with H,0 (30 cm®) and

25  ether (40 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, washed with
brine (1 x 50 cm®) and dried (Na,S0,). The solvents were completely removed and .
purified by column chromatography over silica gel using ethyl acetate-light petroleum
(0:1 to 1:10) and DCM-ethyi acetate-light petroleum (4:1:20) as eluent to give 14.7 g

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

Example 26
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N T T e
[ 1006 % ) M %’% Ac‘lﬁrl(ol/é[ﬂz@ %é«% 0) 1}19(1/((%%( %3_ S ubear xalSoge). 2
1"y &, #109&' (ﬁlethy})tﬁphéhmﬁ&b:{p)mﬁ#m ibdede’ (R)833s17. (I[lO%LOf mol) 18 THPEB{ pm’). The
mixture was stirred for 1.5 h at RT and the solvent removed in vacuo, petroleum fraction
10 60-80 °C (75 cm?®) was added, the mixture stirred for 10 min, passed through a pad of
silica and the product eluted with petrloleum fraction 60-80 °C-DCM 4:1 to yield a
colourless oil.
Yield 2.0 g (67%); 85(200 MHz; CDCl,) 7.60 (m, 6 H), 7.35 (s, 1 H) 7.02(d, 4 H), 6.85
(dd, 10 H), 5.88 (d, 1 H), 5.35(d, 1 H), 3.92 (d, 4 H), 1.78 (hept, 2 H), 1.70-1.25 (m, 16
15 H), 0.96 (m, 12 H)

2-(2,4-difluorophenyl)-5-bromopyridine (5)
A mixture of 2,4-difluorophenylboronic acid (2) (0.37 g, 2.32 x 102 mol), 2,5-
dibromopyridine (3) (0.5 g, 2.11 x 10" mol), tetrakis(triphenylphosphine)palladium (0)
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 separated, dried over anhydrous
magnesium sulphate, filtered and concentrated to a crystalline solid, which was purified
by recrystallisation from ethanol twice.
25  Yield 240 mg (42%); 85 (500 MHz; CDCl,) 8.81 (d, 1 H), 8.06 (m, 1 H), 7.93 (m, 1 H),
7.72 (m, 1 H), 7.07 (m, 1H), 6.98 (m, 1 H) '

Compound (6)
A mixture of compound (5) (306 mg, 1.13 x 10-* mol), compound (4) (696 mg, 1.36 x
30 107 mol), Herrmann’s catalyst (12 mg, 1.28 x 10° mol), N,N-dimethylacetamide (6

cm®), sodium carbonate (0.13 g) and 2,6-di-tert-butyl-p-cresol (0.14 g, 2.86 x 10 mol)
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Yield 316 mg (40%) 8, (200 MHz; CDCl;) 8.91 (d, 1 H), 8.10 (m, 2 H), 7.86-6.95 (m,

16 H), 3.92 (d, 4 H), 1.78 (hept, 2 H), 1.70-1.25 (m, 16 H), 0.96 (m, 12 H)

Compound (7)
10 A mixture of compound (6) (450 mg, 6.41 x 10 mol) and palladium on carbon (5%
w/w, 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 cm®). The solution was concentrated to a pale brown oil which was purified by
column chromatography [silica gel, DCM].
15 Yield 357 mg (79%); 84 (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 ), 0.96 (m, 12 H)

Compound (8)

A mixture of compound (7) (175 mg, 2.49 x 10 mol), iridium (1II) chloride trihydrate
20 (40 mg, 1.13 x 10" mol), 2-butoxyethanol (2.2 cm®) and water (0.35 cm’) was heated at

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

separated and concentrated to a yellow oil which was purified by column

chromatography [silica gel, DCM-petroleum fraction 60-80 °C 1:1] to yield a yellow oil.

Compound (7) (65 mg, 9.29 x 10 mol) and silver triflate (25 mg, 9.88 x 10" mol) were
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The PL data for this dendrimer are as follows:

A thin film of a blend of compound 8 a;ld CBP (20 wt% of compound 8) was prepared
10 by spin coating the dendrimer/CBP mixture from a 1mg/ml solution in DCM at 2000

rpm for 1 min. The CIE bo-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 of'the groups coordinating to the Ir are covalently bound via Ir-C and Ir-N bonds. Such
covalently bound systems may have advantages in terms of stability over systems in

which one of the three coordinating groups is more ionic in character.
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A device according to claim 1 wherein the dendrimer is in the light
emitting layer.

3. A device according to claim 1 or 2 wherein the dendrimer is the light

10 emitting material.

4. A device according to claim 1, 2 or 3 wherein the dendrimer is used as
a homogeneous layer.

5. A device according to any one of claims 1 to 4 wherein the dendrimer is
fluorescent in the solid state.

15 6. A device according to any one of claims 1 to 4 wherein the dendrimer is
phosphorescent in the solid state.

7. A device according to any one of the preceding claims wherein the
dendrimer has at least one inherently. at least partially conjugated dendron.

8. A device according to claim 7 wherein the dendrimer has at least 2

20 inherently at least partially conjugated dendrons.

9. A device according to claim 8 wherein all the dendrons are inherently at
least partially conjugated.

10. A device according to any one of the preceding claims wherein the
dendrimer is blended with at least one other dendrimer and/or polymer and/or molecular

25 material. '

11. A device according to claim 10 wherein the organometallic dendrimer is
phosphorescent in the solid state and is blended with a corresponding non-metallic
dendrimer which possesses the same dendritic structure as that of the organometallic
dendrimer. |

30 12. A device according to claim 10 or 11 wherein the molar ratio of
organometallic dendrimer to other component is from 1:1 to 1:100.

13. A device according to any one of claims 2 to 12 which comprises in
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acetylenyl groups or via single bonds between N and (hetero)aryl groups, CORE
terminating in the single bond which is connected to an sp? hybridised (ring) carbon
atom of the first (hetero)aryl group or nitrogen to which more than one at least partially
conjugated dendritic branch is attached, said ring carbon atom or N forming part of said

15 DENDRITE.
15. A device according to any one of claims 1 to 13 wherein the

organometallic dendrimer has the formula (II):

CORE-[DENDRITE'],[DENDRITE?],, . (I)
20
in which CORE répresents ametal ion or a group containing a metal ion, nand 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
25  structures, at least one of said structures being conjugated and comprising aryl and/or
heteroaryl groups and/or nitrogen and, optionally, vinyl and/or acetylenyl groups,
connected via sp? or sp hybridized carbon atoms of said (hetero)aryl, vinyl and
acetylenyl groﬁps 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
30 different from those in DENDRITE?, CORE terminating in the single bond which is
connected to a sp? hybridized (ring) carbon atom of the first (hetero)aryl group or

nitrogen to which more than one conjugated dendritic branch is attached, said ring
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l 5 16. A device according to any one of claims 1 to 13 wherein the
organometallic dendrimer has the formula (I1I):
CORE-[DENDRITE], (II)
in which CORE represents a metal ion or a group containing a metal ion, n represents
an integer greater than 1, each DENDRITE, which may be the same or different,
10  representsaninherently atleast partially conjugated dendritic molecular structure which
comprises aryl and/or heteroaryl or N z;nd, optionally, vinyl and/or acetylenyl groups
connected via sp? or sp hybridized carbon atoms of said (hetero)aryl, vinyl and
acetyleny! groups or via single bonds between N and (hetero)aryl groups, and wherein
the links between adjacent branching points in said DENDRITE are not all the same,
15 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 ring carbon atom or N forming part of said DENDRITE, the CORE
and/or DENDRITE being luminescent.

17. A device according to any one of claims 14 to 16 wherein DENDRITE,

20 DENDRITE' and/or DENDRITE? does not include N as a branching point and is an
inherently at least partially conjugated dendritic molecular structure.

18. A device according to any one of the preceding claims wherein the
organometallic dendrimer comprises at least one co-ordinating group which is not
dendritic.

25 19. A dévice according to any of the preceding claims wherein the metal as
part of the core is not magnesium.

20.  Adevice according to any one of the preceding claims wherein the metal
cation is a cation of a d-block metal.

21. A device according to claim 20 wherein the metal is iridium or rhenium.

30 22. A device according to any one of the preceding claims wherein the core
comprises a metal ion and a porphyrin or a carboxyléte or a phenyl pyridine.

23.  Adevice according to any one of the preceding claims wherein the metal
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A device “according to any one of the préceding claims wherein
HOMO-LUMO energy gap of the moieties in the dendrite decreases from the surface to
the point of attachment to the core.

26. A device according to any one of the preceding claims, wherein at
least one surface group is attached to the distal end of the dendrites.

27. A device according to claim 26, 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-C,s alkyl group; an amine

. group; 2 mono-, di- or tri- C,-to-C; alkyl amine group; a -COOR group wherein R is

hydrogen or C,-to-C,s alkyl; an -OR group wherein R is hydrogen, aryl, or C,~to-C,;
alkyl or alkenyl; an -O,SR group wherein R is C,-to-C,; alkyl or alkenyl; an -SR group
wherein R is aryl, or C,-to-C,; alkyl or alkenyl; an -SiR, group wherein the R groups are
the same or different and are hydrogen, C,-to-C,s alkyl or alkenyl, or -SR’ group (R’
is aryl or C,-to-C,; alkyl or alkenyl), aryl, or heteroaryl.

28. A device according to claim 27 wherein the layer containing the
organometallic dendrimer is deposited by solution processing.

29. A device according to claim 27 wherein the surface group is such as to
allow solution processing.

30. A device according to claim 27 wherein the surface group is such as to
allow the dendrimer to be photo patterned. 7

31.  Adeviceaccording to any one of the preceding claims wherein the colour
of the emission is controlled by the duration and frequency of the driving electrical
pulse. |

32. A device according to any one of the preceding claims which is a light-
emitting diode (LED).

33. A device according to claim 1 substantially as hereinbefore described.

34.  Anorganometallic 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
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‘ 5 said coordinating groups each being bound to a dendron.
36.  An organometallic dendrimer of formula:
CORE-[DENDRITE],
wherein CORE, DENDRITE and n are as defined in claim 14 (formula (I)) or 16
(formula IIT)) said CORE not comprising a magnesium chelated porphyrin.
10 37. An organometallic dendrimer of formula (II):
CORE —[DENDRI”‘I‘E]n [DENDRITE?], (II)

wherein CORE, DENDRITE'!, DENDRITE?, n and_m are as defined in claim 15.

38.  An organometallic dendrimer according to claim 36 or 37 wherein the
CORE is represented by formula (IV):
15 MX-L Y, dV)

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.r) being equal to the number of coordination sites available on M, wherein
20 ais the number of coordination sites on [X-] and b is the number of coordination sites
onY.
39. An organometaliic dendrimer according to any one of claims 34 to 35
which is phosphorescent in the solid state.
40.  An organometallic dendrimer according to claim 34 which has one or
25 more of the features of claims 5 to 9 and 14 to 28. ‘
41.  Anorganometallic dendrimer according to claim 34 or 35 which has one
or more of the features of claims 7 to 9 and 14 to 28.
42. A dendrimer according to any one of claims 34 to 41 wherein the metal
as part of the core is not magnesium. _
30 43. A dendrimer according to any of claims 34 to 43 wherein the metal ions
are exclusively at the centre.

44,  Ablend of an organometallic dendrimer as claimed in any one of claims



Z"10%& ()-.1]9 Z"10%& ()-. @ 109%& ()-SF @ 10%& ()- N8(WUB3~ @1!9
é"iggg 8w IQ; Z"10%&' ()-.19 Z"10%' ()-.'9 Z"10% ()-.'9 Z"10% ()-.'!9
" ' DioddseuVv7 11 y@ 10%g& ()-fY S109%g& () - y10%g& 5
10%g& ()-!3|v|/10%55&' ()- 10 10 10nmDxdE4V7 1?y@(§1¥)(yg&9()f)y”?g%"ﬁ?’?‘ﬂ"y@
10%g9& ()-y, gl0%g& ()-fs 10%& ()- 10%& ()- dEuv7 1lly@f T
10%g& ()- 10%& ()-gl0%& ()-yLS10%g& ()- :10%& ()- Y10%g& ()- W OdEuV7
1! y@/ 10%9&3@)o ¥3 aidi@&e{pon@ng Aomdndtilliy dentifitmehdving the S@aiindnti&stBIAOQE () -
O@EuVv7 1ly@9 10%& ()-8G'10% & ()- s6 10%& ()-y4z10%& () -
310%g& () - ymg}m% e(O}rgano{n{avalhc dendrimer.

) élj_;)tyé 24%((5 _& ()-6! 4]50 %Fg‘bfe}ﬁ 9(1,001:'L u%gB %géle{i)lf&!v(/ﬁe%iﬁ%@l%ﬁﬁr(r)aﬁo épﬁggrgﬂne]cﬁﬂg;
dendrimer to non-organometallic dendrimer is from 1:1 to 1:100.
5 46. A process for producing a dendrimer as defined in any one of claims 34
to 43, which process comprises: |
(@  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 Ifunctionality; and
10 (b) treating the core thus prgvided with two or more den&rons which have
been functionalised to render them reactive towards the reactive
functionalities present in the core, at least one of the dendrons being
conjugated.

47.  Aprocess according to claim 46 wherein at least one of the coordinating

15 groups does not contain a reactive functionality and consequently remains free of
attachment to a dendron in step (b).

48. | A process according to claim 46 or 47 wherein each dendron is
represented by DENDRITE as defined in claim 14 or 16 and/or by one or both of
DENDRITE! and DENDRITE? as defined in claim 15. |

20 49. A process according to any one of claims 46 to 48 wherein the core
provided in step (a) is represented by formula (IV) as defined in claim 37 wherein each
[X-] includes a reactive functionality.

50. A process for producing a dendrimer as defined in any one of claims 34
to 43, which process comprises:

25 (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.

51. A process for producing a dendrimer as defined in any one of claims 34

30 to 43, which process comprises:
(a) attachihg a coordinating group to each of two or more dendrons;

(b)  forming a complex between the coordinating groups and a metal cation;
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