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W TH PHOSPHI NOALKOXI DES AND PHENYLPYRI DI NES OR PHENYLPYRI M DI NES AND
DEVI CES NMKDB3ME9D61 SUCH 5 COVPOUNDS BACKGROUND OF THE | NVERNTIUShS/o4iel d of
the Invention This invention relates to eI ectrol um nescent conpl exes of
iridium(I11) with phenyl pyridines or phdibfd pyrini di nes, which additionally
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organic active | ayer i s sandw ched el ectrical contact |ayers.

At | east one of the elect BAGCKGROQUNDIOF THE INVENTIQMNt -transnmtting so
that |ight cgh h el the electrical contact layer. The organic
active | ayer Lol ough the light-transmtting electrical contact
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known to showsitk&hé QI:WE la9éﬁmames%enélé@ﬁduﬁimd@eﬁ@rmugabméle'&é pol ymer s
have al so be% use as e&t ? nescent conponents, as has been

di scl osed in, t al., US. Patent 5,247,190, Heeger et
al., US. Pat ent E()Fgmlclélﬁctramd dezicesdhat eralt IlghPlsbbhabdught-Enmmpgan Pat ent

Fons. “par L1 o 1o that FRRE (R BkoBlvs b BleSENC P bfisBbirladdd gp! et et
el ectrol dﬁ\ n@e@tmmc@qpmmnts In ali suab devicasdan organiciactive layer isexanpl e, Tang
et al., {en hey §ét3ve)@ﬁ Nlec] c%?ﬁa&h&{?ﬁoﬂt'i@éé?ohﬁwrtﬁ@d t hat

factrls(2 p ylp Ine) irid umcan as the active conponent in
organic |igH legthica ﬁjqqngaﬁ dyerads lightgransnpling sq that lightean pass t EPL)QhThe
per 1; or [r:a\r/lge the eféctiSaicontRd [ayee nTthar?émdlaetﬂv%ﬁveé%ﬁﬁtsl |ﬁ_;nt>trﬁ§agh I n a host
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di f | uor opbenydcross thdi elecidical ddritactdayexg] 11). (Pol yner Preprints 2000, 41( 1),
It is well known to use organic electroluminescent compounds as
the active component in light-emitting diodes. Simple organic molecules
such as anthracene, thiadiazole derivatives, and coumarin derivatives are
known to show electroluminescence. Semiconductive conjugated
25 polymers have also been used as electroluminescent components, as has
been disclosed in, for example, Friend et al., U.S. Patent 5,247,190,
Heeger et al., U.S. Patent 5,408,109, and Nakano et al., Published
European Patent Application 443 861. Complexes of 8-hydroxyquinolate
with trivalent metal ions, particularly aluminum, have been extensively
30 used as electroluminescent components, as has been disclosed in, for
example, Tang et al., U.S. Patent 5,5652,678.
Burrows and Thompson have reported that fac-tris(2-
phenylpyridine) iridium can be used as the active component in organic
light-emitting devices. (Appl. Phys. Lett. 1999, 75, 4.) The performance-is
35 maximized when the iridium compound is present in a host conductive
material. Thompson has further reported devices in which the active layer
is poly(N-vinyl carbazole) doped with fac-tris[2-(4',5'-
difluorophenyl)pyridine-C'2,N]iridium(lll). (Polymer Preprints 2000, 41(1),
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1 WD 03/069961 PCT/ US03/04149 770.) Additional electrolum nescent devices
wth an active |ayer of polyner doped with organonetal lic conpl exes of

i ridi um hwoesbewnr descri bed by Burrows and Thonpson in pebiricshae1RCT
applications WO 00/70655 and WD 01/41512. Mbst of these conpl exes have

em ssi on 5 spdé) Additianahelsictroluminascant denices vithuan gethenlayegobn. . However,
there is a c a]AY f ) irid MR avi ng

I mproved efffacﬁl}yerﬁ]ggag%%fg@h%@?ﬁélﬁgﬁil&%ﬂﬁg%@%mfin t%g_gg%&@ regi on of

t he spect r umdesonppgRby Burmaws andERPMBgondn pablighadRet anplisatons WG direct ed

to an iridi upoyposBBIaHd Wi 04142, (185t oMthBSe tonipidxes! have'drisBlon (1) where
La and Lb_are al {fge. r different andgﬁg]cég_of La and Lb has 15 Formula I,

shown in Bi gfPEC Peaks indpe greeil, HPENI'RY8Pendent |y sel ected from
hydrogen, deut eri tHiowavdrytheralikaxpntimsihggeed for ékeotroluminescent | uor o,

1220 and £rbgnas ane Bibroxeleftient A hauRy el AR AR A 1SN
there i s no Rhe blueredion pkthe spedbuomt e phosphi no al koxi de |i gand havi ng
Formula 111, shown in FigurgufmARY GETHE NIfONPE the same or

di fferent at each _occurrencs T 15 Bge H+F) 2n+1,
C6( H+F) pY8_p, R10 hpiesenhiaventien isrditactedtioan irgiue Lompaingriavirgtheand i s
sel ected fromlbwihg FRythUl@(:HF) 2n+1; Y is Or(H+F) 2m+l; 30 n is an integer

from1l through 12; mé%%[%, pis 0 or an integer from1l throygh 5. In
anot her enbodi ment, thée" edent invention is directed to phosg I noal kanol

precursor conpoundsvhierem whi ch the 35 phosphi noal koxi de |igands are nade.
e hRaP e kanel RerRLYSre ARG BIENE sty G (oFeal e 2 T
15 Formula Il, shown in Figure 1, wherein:

R1 through R8 are independently selected from
hydrogen, deuterium, alkyl, alkoxy, halogen, nitro,
cyano, fluoro, Cn(H+F)2n+1, OCph(H+F)2p+1, and
OCF2X, where n is an integer from 1 through 12,

20 and X is H, CI, or Br, and
Ais C or N, provided that when A is N, there is no R1;
and
L’ is a bidentate phosphino alkoxide ligand having Formula Iii,
shown in Figure 2, wherein:
25 R9 can be the same or different at each occurrence and
is selected from Cp(H+F)2n+1, Ce(H+F)pYs.p,
R10 can be the same or different at each occurrence
and is selected from H, F, and Cn(H+F)2n+1;
Y is C(H+F)2m+1;
30 n is an integer from 1 through 12;
mis 2 or 3;
p is 0 or an integer from 1 through 5.
In another embodiment, the present invention is directed to
phosphinoalkanol precursor compounds from which the
35 phosphinoalkoxide ligands are made. The phosphinoalkanol compounds
have Formula HI-H, shown in Figure 2, in which R9, R10, Y, n, m, and p
are as defined above for Formula Il.



2 WO 03/069961 PCT/US03/04149 |In another enbodi nent, the present invention
Is directed to a process for maki ng a phosphi noal kanol conpound. | n anot her
enbodi merwp oBloedopr esent invention is directed to an orgamct/usheetindni c
device having at |east one emtting |layer conprising the 5 above Ir(I1l)
conpound, or conbilnairiodinererﬁbodimeadhdheIptreéserit)'n\camhipmjmdsectesl taged herein,

the term "co(r};}geggg @Pgﬂ{b "%‘?ﬁe%{‘ﬁ Oqj(ﬁhl’l cal Iy unchar ged
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one ligand. The teAdwused heEin, the temt ésuhepbur’ e imerdgrhtd meknanconpound,
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necessari |y monsistohatams whsrein the atomseanaotbeg sapatated) bypdybieal | ayer. On
the ot her haqﬂeaﬁé‘eTHQr’t@ﬁ?“lwaﬁw ﬂ&éﬁ@nd@d%?ﬁ@éﬂ a nH?IeEEI@dlotn?oF giomh to R

groups that are next r 1n a chemcal R groups
that are 18n dhahis gtisiched tejhe cogrginationspberephia matallisden.i Tae tﬁré'i ers to any

material t hat“c@?ﬁyléad"t@haﬂ stevatsraaham ﬂ@ﬁﬁéﬁtﬂéﬁ fsheah ape&fheé@rﬁw havmgt y. The
term’ (H+F) t 0. mea inatio n_and

t ende o
L uori e, | nclJeRS REgRBIaUiop SRy a 28 e A et DTS Tt or
perfluori nat ddtepidedtto ineart a.palyof &' esrnpeind) suekiasubstitsente@an drgmc

sevel o103 TP o 1 Bl L A ATRERA Hensad

measur ed 1i5n dodefeddo fayens irua device, dbés hot nénessatiymedn thatlonetlayerds | s
Sandw Shed. befitfeaelPnede ottt 1GRA 291 thd G haddthd pffibtace s applied.

The light intensit or exanple, by a
phot odi ode an@ @cngBtgr@gpﬁ,prs uws}@er@temgﬂ%/groum taatjartei rext te gach uPAC

Qu[)ﬂloer i ng Sys4tA&r insa éﬁéﬁ;da'ﬂfdmﬁh@ teh Rige6D sttm@t 8f: 8h atdas idined Ha d% PEr I ]9di C
Te e i ok arie b s ony Bl AR e o oock o
Fi gur e 1 29hoveledtoslamiredcente mndforphotysenditinity.atie pemn Y(HWA) isi idteneled! | gands
T gand precurOgreabal S ans & yReE il dite, FRiRing coipibeefy 35 1he
phosphi noal kahysikogenatedapartallysBaerinated ot nerﬂnenaatequhsawems tBye i nventi on,
and Formul a IlsigdibQmdxiauli 98 ftkant the wavelength, in nanometers, at which
the maximum intensity of electroluminescence is obtained.
25 Electroluminescence is generally measured in a diode structure, in which
the material to be tested is sandwiched between two electrical contact
layers and a voltage is applied. The light intensity and wavelength can be
measured, for example, by a photodiode and a spectrograph, respectively.
In addition, the IUPAC numbering system is used throughout, where the
30 groups from the Periodic Table are numbered from left to right as 1
through 18 (CRC Handbook of Chemistry and Physics, 81" Edition, 2000).
DESCRIPTION OF THE DRAWINGS
Figure 1 shows Formula Il for phenylpyridine and phenylpyrimidine
ligands useful in the metal complex of the invention, and Formula |I-H for
35 the ligand precursor compound.
Figure 2 shows Formula Il for phosphinoalkanoxide ligands useful
in the metal complex of the invention, and Formula lll-H for the ligand
precursor compound.




precursor conpound. 3 WD 03/069961 PCT/ US03/ 04149 Figure 3 shows Equation
1 for formng the |igand precursor conpound, Il-H Figure 4 shows Equation
2 for forwongosdeel | i gand precursor compound, |11-H 5 Fi gorasbs/etiens
Forrmulae IV and V for bridgedlir diners. Figure 6 is a schematic di agram of
a light-emttingigerei 3 shéwEBquatien d foeformirg thesligamagsrecudoagr am of an LED
testing ap @%03‘3‘“ lliﬁTAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS The
lr(l11) co%% 1' the invention have Forrmula |, as defined 10 above.
The conpounds arfagiineetabows y-quatien 2ddr fasming tbleshgayldlpmeulzsbat ed conpl exes.
The cycl o, Fd feep! exes of the invention are neutral and non-ionic,
and can be sublined intact. Thin fi of these materials obtained via
vacuum éeposi ti (Friglé"ﬁlﬁ éh@wgdf@aﬂvl@eely(%}d ¥/fer kridgad 5 /dimeffescent properti es.

1;3]61\/\? 01; 5 hﬁell FIguvess isha bBgerhafid H ra]gnwgu@m-eﬁflttpb%éviﬁéeﬂ'ﬂlﬂm ] are

i di or mu shown in
oot Mo’ rF iglec i & Khdhatio Giagrt B api ED o dhbaatysen o om
conventi onal BEB’&MM.ED@ES@NBTIQNMTHECBREEERREDSEMBO{NNENKW al koxy,
hal ogen, nitro, (ji g&&%ﬁgﬁoﬁﬁé |r‘{\f‘ér4t|oﬁ%a[¥le%rﬂlulé’Lé%rdé?ﬁ%ﬁd al kyl and

20 fluorinated al
fluori Nt ed oyperTmelmmn@luw areﬁr&qqﬁnéumefgﬁredztomﬁcwlpmﬁtalegechnd

2- phenyl py doRSeRss , Tﬁ@bgélb%etélhte'd ddi'n;ﬁbﬁé'é 8ft1=\e .amtmnemrr%trdm good to
excel l ent yield, using

Suzuk| st i t ut ed
2- chi or opy3Ngi HY-iNiey 361‘11I Mfﬂ@igﬁm ﬁ-%f'k‘ﬁf’g SRircatgEals as

descri bed ldbtémemtaseaclRufmepaguan ekhibijoddagelxcefferitl et t, 1999, 45-48. This
reaction is, ill st at ed e pyridine derivative, where X and Y

r epr esent %@f 'ﬂ'ﬂmﬁ%e”{W"E&B&.on (1) shown in Figure 3. Exanpl es of
2- phenybpyri di ndvemdf thepligamgls iy thenir(ilheoropopudsiofthe ihvearitiog, B mul a 11 - H,

o 173 EhETIIRBSHSB Mo e B o .
H H CcF3 H HHigure 1. The RT through R8 groups of Formula Il may be chosen from
conventional substitutents for organic compounds, such as alkyl, alkoxy,
halogen, nitro, and cyano groups, as well as fluoro, fluorinated alkyl and
20 fluorinated alkoxy groups. The groups can be partially or fully fluorinated
(perfluorinated).
The precursor 2-phenylpyridines and 2-phenylpyrimidines, Formula
lI-H in Figure 1, are prepared, in good to excellent yield, using the Suzuki
coupling of the substituted 2-chloropyridine or 2-chloropyrimidine with
25 arylboronic acid as described in O. Lohse, P.Thevenin, E. Waldvogel
Synlett, 1999, 45-48. This reaction is illustrated for the pyridine derivative,
where X and Y represent substituents, in Equation (1) shown in Figure 3.
Examples of 2-phenylpyridine and 2-phenylpyrimidine compounds,
having Formula iI-H, are given in Table 1 below:

30
TABLE 1

Com- |A | R4 Ro R3 |R4 |Rs Re R7 Rsg Rg
pound

1-a C|H H CF3 |H F H H H H
1-b C|H H CF3 |H H CF3 H H H
1-c C|[H H NOs | H H CF3 H H H
1-d C|H H CF3 |H H F H H H
1-e C|H H CF3 |H H H CH30 |H H
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where “t-Bu” represents a tertiary butyl group.

The third ligand in the Ir(lll) compounds of the invention is a
phosphinoalkoxide. The precursor phosphinoalkanol compounds having
Formula IlI-H, as shown in Figure 2, can be prepared using known
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The third ligand in the Ir(lll) conpounds of the invention is a
phosphi noal koxi de. The precursor phosphi noal kanol conpounds having 5

For mul a IWO-0Blp6®s1 shown in Figure 2, can be prepared usi ng@Crrusesio€4d\0
03/ 069961 PCT/ US03/ 04149 procedures, such as, for exanple, the procedure
reported i n Iprocgdurélesuch aga‘ar exarpgle, the3p@aedbirer reported in /Inorg. Chem.

1, 1-bis(trifl hanol . Thi hod i nvol
the react| on 8% Jog b deds, o ﬁ.*‘ﬁél%@“ﬂfﬁ?ﬁﬂ“ BB en o moned tnvetves
hexaf | uor oace(ﬂgnr@@a @éphln@bet apel. phhis mqﬂwﬁ@wbﬁeg thareagtioatafvel y, the

phosphi no al kfipré Wméﬂwl|muwmheﬁlaﬂu&oé&tylbeetbﬂécwue%efb 1
-bis(tri fI uoro tlhgl )ethylene Oxide wth .the correspondi hg secon ary

phosphi ne ( its deprotonated formas a salt ([RO2PI M, where Mis
Li, Na, or K The Altrnativeinitad phosphinaralkenol Gompepadsdahbe prepareziat ment  of

At er nat1 vel SR ERIERE M BF 131 BB ot ing Btk ind g
dilithiated dariesponding sﬁcohdatmylmtuspime (RiekeH) onits depratenated dors asescr i bed
inJ. Cnhem ?é?t [#ng]wl whef MISJLI QQB&KpTgé(bje%r%txhgte@i{ohhmaﬂ erivative

is 15 reacte osplne*to pr

phosphi nd&l kaﬁféparqdl Rpathe tregtmani of thessegondantehesphine, with & §/thng baserature
met hods, suchgh agggg &q@u@g of an epOXI de (al so cal I ed an "oxirane")
with Ml (Hal = , vol. 82, p. 2288).
This is particul ar/}lgprnag\éqlmtﬁp(ﬂh%pﬁlng,agl@r}ql PPWBPHH&? e PEMIF. NSNSk de

whi ch can be dilitaRaed defvatdRsdshaloiyadns nwhieh fcav, bevprepared agdescifed0/ 66575,

Cnvention, a 0ok GHERY W&wﬁ‘??@scm?%%w OtR" TR BGRRE B AINE e ei n
t he nol arlsr atreacted wittbatchlorbphdsphine twpiodoce tyeldesired phiosphinalkainel
preferred Pr 9fanha. fk%lol%@rﬁ%r @?ﬂé@ébzous E-'@Pef Iﬁb@ﬂ@ m% s' 3 éh hge steps:

25 (1) conbining an epo aqu orma y rin;,  (2)
i sol ati ng t heing-epempdof anfepaxde @sq agllegan r%ﬁﬁoeﬁd‘”ﬂhﬂbﬂal( &)= Ebnbi ni ng

the dried brogoiryshe: 0. ﬁ\hpraﬁérﬁpsba)waot bolnabupyizss | tTihig!i® ath@larm the
nmol ar rati o of

addi ng a chl d'l‘%?gwggb?(ﬂnté's tBﬁ‘f "W@g)ftt,@ Igfpe Qg'gﬁ V(%?ﬁ cgﬂgae R@Paﬁfg’f‘ g acid
to the produdesetibet épPéttpy, ThA. epal WO QGI6635, ROTASAN/ €748, tChemoups such
S eheran A abomL e8RS L et BME S et A
chl or odi al kylipleoshinetewith nabutyl lithium, wherein the molar ratio of n-butyl lithium
to bromohydrin is about 2. The preferred process for preparing the
phosphino alkanol comprises the steps:
25 (1) combining an epoxide with aqueous HBr, to form a bromohydrin;
(2) isolating the bromohydrin from step (1) and removing water;
(3) combining the dried bromohydrin from step (2) with n-butyl
lithium, wherein the molar ratio of n-butyl lithium to the bromohydrin is
about 2;
30 (4) adding a chlorophosphine to the product of step (3); and
(5) adding acid to the product of step (4).
The epoxide can be substituted with groups such as alkyl, partially
fluorinated alkyl, and perfluoroalkyl groups; preferably trifluoromethyl
groups. The chlorophosphine is a chlorodialkylphosphine or a
35 chlorodiarylphosphine; preferably, chlorodiphenylphosphine. The acid can
be any Bronsted acid which will provide a proton in the last reaction step,
preferably trifluoroacetic acid. The reaction scheme is illustrated using
bis(trifluoromethyl)ethylene oxide in Equation (2), shown in Figure 4. The
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35 chl orodi aryl phosphi ne; preferably, chlorodi phenyl phosphine. The acid can
be any Bronsted acid which will provide a proton in the |ast reaction step,
pr ef er ablwotosiédoemor oaceti ¢ aci d. The reaction schene is i PCUAShEHO4EM USi NQ
bi s(trifluoronethyl)ethylene oxide in Equation (2), shown in Figure 4. The
6 WO 03/ 06994lilithiatibhisd #ie bondohydirini dériving tsamdbis ittifbudsomettngbthylenier i vi ng

f bi i f ]k - O - h7g o ! f
BuLl wi chi n (X8 BT bBYIoREBiY ety of BOLPRITES W dt17B ETTiHgleN! S ©
procedur e (J.different fremcthe Iterakira preegdure {J. ChegaSog., P§M9)Tran$ch errpl oys 1

equi val ent of1g¥gjp, BO?QﬁNH@HVe?anRgé faintof BuEfiFor3aheurs, fbﬁIoW@ErBWW

vl ab 6300 SikgeBt eﬁw@wéﬂmeﬁ}ﬁ {'s hoped abr ek gt RS Rt on 1 .
in ]ggpre(ra gl hfcmrhraercﬂm Iy avgiiablecartt isynensae*;fdwisa/etmtmhkéln'hewmcéss d¢fhe her e
0§ Crs and (e MyERgH G h gBhefa MR an ks Sy o AaRY” ggtvﬁﬁﬁ%ig and m
is 2. Exanples of ladhe preferrpt phpaphinaalkanol offmrpsimikH, vIRY ks €éfes or

abbrevi ati on ¢y r?E tsﬁcxﬁfién% \( dﬂ‘@hg“éﬁd Jﬁsoh ﬁP@”ﬁr@ﬁéP?&?bF%aét BlﬁfBFRq'O isdppOH

1- bls(trlfluoro enyl phosphi no) et hano
1, 1- bi s(dPi f |%for Fh5$|%-2(b|s(35

ditrifluoromethyl Mﬁlé@fwsaulmm@)oﬁbbpmba[kaﬁb|2ddmpounds with the
1, 1-bis(trifl trifluoronethyl phenyl ) phosphi no) et hanol

h
[ PO 3H 1, 1- %(?Y'?%?%B%Wﬁﬁ%ﬂ@ )n(éu?%l s(pent af | uor ophenyl ) phosphi no) et hanol
20 [ PO 4H] The phdsgdiphenglbkogphiroi2-prapdsof [dppOtie above conpounds are,

res ."Sﬁte ] ;F:oﬁog SEP;@ i’thh &ka-g?(ﬁa%n%%ésﬁﬁb)ethanol [PO-1H]

1-bi s(trilbl uor oneth?-Ib)s(mfﬁdrqmeﬂwl)ﬂﬁﬁyg(ﬁl510) et hoxi de [PO-1] 25
1, 1-bi s(trifl uor onet *'a’ irru rcfn'?%tﬁgg} énxl&ph%sghfno&etﬂanol [PO-2H]
)-

ditrifluoromethyl pheny osp
1, 1-bi s(trifl uor ol ths ﬂ@ ramettwl)-2-this(@iror omet hyl phenyl ) phosphi no) et hoxi de

[EO 31 1, fll - bi Sgt“tﬁﬂu&bﬁ@h Mhén )p'ffbsphlno)ethangl_lh[PO 3Hd f
the | hvention can be RERUPBANEY PGB R R e P AESARIETAT T | i um
dimer wi 2b t he phenyl[P¥O-d4Hine or phenypyrimdine |igand. The dinmer can be
the dichloro 'ﬁ{é gtg&fbh%ﬂ?ﬁoxide ligands from the above compounds are,
respectively (abbreviations provided in brackets):
1-diphenylphosphino-2-propoxide [dppO]
1-bis(trifluoromethyl)-2-(diphenylphosphino)ethoxide [PO-1]
25 1,1-bis(trifluoromethyl)-2-(bis(3'5'-
ditrifluoromethylphenyl)phosphino)ethoxide [PO-2]
1,1-bis(trifluoromethyl)-2-(bis(4'-
trifluoromethylphenyl)phosphino)ethoxide [PO-3]
1,1-bis(trifluoromethyl)-2-
30 (bis(pentafluorophenyl)phosphino)ethoxide [PO-4]

The iridium complexes of the invention can be prepared by first
preparing an intermediate iridium dimer with the phenylpyridine or
phenypyrimidine ligand. The dimer can be the dichloro bridged dimer

35 having Formula IV, shown in Figure 5, or the dihydroxo bridged dimer
having Formula V, shown in Figure 5, where:
in Formulae IV and V:



35 having Fornmula IV, shown in Figure 5, or the dihydroxo bridged diner
havi ng Formula V, shown in Figure 5 where: in Formulae IV and V. 7 WO
03/ 069961WB@3Hh&86B/ 04149 La, Lb,Lc, and Ld can be the sameTarsoslifiiier ent
fromeach other and each of La, Lb,Lc, and Ld has Forrmula Il, as defined
above; in Fornula V: 5 L@ +PHC, and L%cartha thessame atidifférentfromi emghd di ner s

havi ng Formul a IV, can gepgr hapape@ h dagk,d e
trichloride hydrate with ?ﬁee?%bgh%%{)ldg&r ¥ gi ﬁfe’ Qﬁ‘rj L2- g%ééﬁlr%gljlraldlrlﬁ Ine in a
sui tabl e sol vent, such asdefinethelk@d& hanol . The iridium bridged dinmers
having Formula V, gppogsmenal |y be prepared by 10 reacting iridium

trichloride hydrate with the 2-pheny] pyridine or 2-phenylpyrimdine, and
then addi Ag NaOB. Thes Hi%ﬁ'ﬁ&n@iglzgﬁed conpl exes ‘can be isol ated and

(optionally) purifiTad dictioroebridued difrirs havingi Rotmiule|\R easnderiepalkpsol s or
used wit hout | sol ationr aﬁ defsgcri gedhli n thedgga Iﬁszb | ow, The chloro
di cycl onet al aﬁ"saaf&?r% RACUNG Qi eer oﬂﬂ%QV r B‘%H &iccPigEn feous
condi ti ons, \wartZxpkeenyigyrinmidinepinas phitabde sklveot, such asthethoxgsthaoel. ofhe base,
such as NaOH,; . : : I.p‘ﬂﬁ%] he
phosphi noal kéﬁ%ﬁpﬁg#%uog@g{%}mgth%omﬁl cl g’agghﬁeggg%&r%s%&%rﬁa% al so when
i nt er medil@t egeagtingigidiun wighiondehydrataowith tee 2phenyipyridinetRise is required
for the synt heghsnylgireie apd then GRAMMYIUNEOBN aMere digydmatdlateghere La is
the sane as Lb, are |vEn.| r? Tgbl e é gel 0, whfrg R%t%gggh R8 are as
shown i n For FOMPIEXEs:an B jsoletedang ©pdonallf)plinfied pefere the FeqetiRnRs 2. a
PO 1 g CH3 HwitHthd phddphihoalkdnols o G&d withbiit isbl&tibh, 85 dedddbedbnithed H F H F
H 2-d PO 2 c - O CH3 HH
H 3 H Or3 Xagnues belaw, Ehe Epfirs ictcldmasdlattd bomietep ca spaliiupatt ')
2-i PO 218 Hbipisasic br komogengous conditions, with either the phosphinoalkanols in

the presence of a base, such as NaOH, or salts of the phosphinoalkanols.

When salts of the phosphinoalkanols are used with the dichloro bridged

dimers, and also when intermediates having Formula V are used, no

additional base is required for the synthesis.

20 Examples of compounds having Formula |, where L2 is the
same as LP, are given in Table 2 below, where R through R8 are as
shown in Formula I, and A is C.

Table 2.

Comp. | L R' R’ R’ R? R’ R® R7 R®
2-a PO-1 | H CH; |H H F H F H
2-b PO-2 [H CH, |H H F H F H
2-c PO-1 [H H H H F H F H
2-d PO-2 | H H H H F H F H
2-¢ PO-1 [H H H H H CF; H H
2-f PO-1 | H CH; |H H H CF; H CF,
2-g PO2 | H CH; |H H H CF; H CF;
2-h PO-1 |H H CH; |H F H F H
2-i PO-2 | H H CH; [H F H F H




WD 03/ 069961 PCT/US03/04149 Table 2. 2-j PO1 HHCF3 HHHF H 2-k PO-1
-BUHHFHFH 2-1PO1Ht-Bu HHHC3 HCF3 2-mPO3 HHCH3 HF H
H H
H

u
2-n WO03/06996H3 HHF HF H 2-0 PO 1 CHSO H eg3@ses/o44p PO-2 H
2-

H

HHCH0 HCHRQH 2-g PO1 HCH3 HHHCE PO2 HCH3I HHH CF3
H 2-s PO{1 HCH3 HH H H CF3 H érﬁtblepb4HCHsHHHCF3HCF3 2-u PO-4
HCH3 HHFHFH 2-vPO2 HHHHHHHH where "t-Bu" represepts a
tertiary but|y¥ti gr o8f:1 EHect ridhi c Defsi ceHThe |gtesept i nyénti gl al sp rel ates

to an electranic device conprisiphg at!leastl one photoactive |aye

posi ti oned hetheenPPuo B el dddui call conflact |IFayerkH wheFein [the at | east
one | ayer oft—the rin\/lT&L ol udestt-heiriditdmconplex—ofth —venti on.
Devi ces freg l}elnt I \ ﬁdve additiﬁi“onaﬁ:I hol E‘ tror%por CFéind gl ect rccfh tfansport
| ayers. A typtcal $ et te-S—S t}ﬁﬂ" 8 b'l.i:l e—h—Ttherdevige106| has an
anode | ayer 0 andb3 cat hdde | ayér’ 150. Adj acentho i he arg{de i5 a |layer

120 conpri sijg ol goE0 T anS@Lt MEter i@ - A ace[f; tO[ e ggyiodp is a

| ayer 140 canprising ap el dctron transport [materjal. Betwean the| hole
transport | gy an@oliNn€n €l gairon| gr ansport [I@KOr | HS t henphqipact | ve | ayer
130. Layers [120, 130, and 240 arge individudlly and coll ectijvely referred
to as the aqtzpe || aper $H Degandi ngHuponHt he |agaOi cAt | oncato tie deypi ce 100,

t he photoactlive 15 layer 130 can| be allight|-emt}ing lfayer [that |s
activated by 2an appPtledH vol [t&he (Buch|&ds int |ipli-embttindd di ode or
light-emttilng ele¢ctrochem cdal cpll), [a layer of| matetial tlhat responds to

radi ant ener|@y andPgenetat eg @b sjHnal | Wit h|dF wit®out [Bn applied| bi as

3 H
HH
3 H

vol t age (sugh—as-iin a photodetectpr)-—Exanples—of photodetegctors| i ncl ude
phot oconduct|i®®e céPPd, | Fhot OI‘%I stirs, [0 pHdl oswj Hches Fphdttht r ahsi st or s,
and phot ot ubes;—aid ..\p*"vol eH-s WO-O03 PRI PEHUSO3 04149  as
these terms gfte de=ggr| tbgui n I\%}Pkusg Johrlf, El ‘g{{:tronl Cs dr}ll(rj NUcT éonj cs
Di ctionary, 47 angodro i MG Ey - Tac 1866w F O

2-v PO-2 | H H H H H H H H

where “t-Bu” represents a tertiary butyl group.
Electronic Device
The present invention also relates to an electronic device
comprising at least one photoactive layer positioned between two
5 electrical contact layers, wherein the at least one layer of the device
includes the iridium complex of the invention. Devices frequently have
additional hole transport and electron transport layers. A typical structure
is shown in Figure 1. The device 100 has an anode layer 110 and a
cathode layer 150. Adjacent to the anode is a layer 120 comprising hole
10 transport material. Adjacent to the cathode is a layer 140 comprising an
electron transport material. Between the hole transport layer and the
electron transport layer is the photoactive layer 130. Layers 120, 130, and
140 are individually and collectively referred to as the active layers.
Depending upon the application of the device 100, the photoactive
15 layer 130 can be a light-emitting layer that is activated by an applied
voltage (such as in a light-emitting diode or light-emitting electrochemical
cell), a layer of material that responds to radiant energy and generates a
signal with or without an applied bias voltage (such as in a photodetector).
Examples of photodetectors include photoconductive cells, photoresistors,
20 photoswitches, phototransistors, and phototubes, and photovoltaic cells,
9




The iridium conmpounds of the invention are particularly useful as the
phot oactive material in layer 130, or as electron transport material in 5
| ayer 140woRsmémsnbly the iridium conpl exes of the inventipom/imnsgod1sed as
the light-emtting material in diodes. It has been found that in these
appl i cat i ons astthese terpruasdescribbén Markas i@fnndElevtvtonMd Nubleonitsa solid

matrix dil uery; b&é%{{dﬁo Eﬂgggggmc%}nglq”éﬁ ?éﬁéb\;hat Is greater than 20%

by weight iri GIUR ight of the layer, up to
10 100% i ri di um chhﬁ)IudUIJm @amp@@nd%@ﬁtfwslnm@tlmrtetpa@cmlaglwsew!iest i onal

materials Ca@hé’?h@f(ﬁ%ﬁ@é nmdtefifiEn *Pé’?etrt1'3'090I %‘éIedtI‘ohhréH%‘ﬁohrmgtéf'IéI fompound.

F I I t t t I f
i o1 on S dRYasH0. e rarebly e TR LcOmBEXES oL mYaRIGbaT (R AR |
rlrgt eri ?: S:JQhe #ghtremitiing matgtialdadivaizs! d) hasBegoFolrid thaein thesean al so be a
smal | nol ecu .such a 0 r ar

aromatic amarﬁ)@b q?ie g?'ﬁBéH?&\% @@géﬁ‘?é’ﬁﬁé 4’9 I‘g '?%dg%’nlb H‘n%%o@a ge%er ally
present in amnsatskldilaeotintqrdastoabe effective. th tayep thathy grastghthan@0%b dayabl y
I th 10 f I

ess than @déight"ﬁbﬂn'?ﬁ co %Eﬂdozghe pr%'i feﬂr?fioltén%quﬁt (?thé h:f‘ygéaddﬁe | n some

cases the iridium conpl exe soneric
form or 16 xt190&e irigtiurg; gomap campedsasd amthermifingayer. Additignal pe

under st ood thﬁétehalsté‘éh B@EV&éﬂﬁﬁﬁﬂ@%rﬁiﬂtlﬁ Ia%ED&h tﬁé'ﬁldi@rhfﬁo JI@.. nd.ri di um

T hohi ve. o A GHOGTHE 4 BHGSSERR Y BR ERP RO AL B 09/BHODS ot ecul o
?L ﬁ'cﬁ ?L% 8]1: :észhIoheAdtmmncma alalbgmaavddezhE)TtheldEI:.IIergra:avwlI::ehalpblryn:!)»xandl<t al) of
the el ectron r{%&ﬂgggﬁphr?gtepeqm%'éwoﬁééﬁqq%g%ﬁﬁgkgﬁ@mg%h%Llﬁ?céggn of the
cat hode. 1&hersinall motenuids, isbichiasy4,4'FN, N whddrbarole hipteny! of tertiaryratomatial s ar e
al so | ”po”a%qjﬁBQS;vﬂﬁér‘?%'dﬂI}énf 8 L%%héﬁmg_a %uh@@oﬁm@%ﬁﬁ&%’g?ﬁ@r [hp! e transport

30 materials ayers ymatemals
which are krmassntdn@esmaléamounh usyally lesgdhan 20peby weightipreferablyan

el ectrode thagss Ih%npm%wwéghv b@%éﬂ‘é'netﬁé tét@lwlergr@fértrfaapeﬁltlve char ge
carriers. It can he nad for exarrcﬁ{] er| | s cont I ni n? net al ,
3 ngae e

m xed netal, all oy Sﬁ’meaI:asﬁ theilgiugy.c %QI‘??@" gymp be a
conducti ng p@merieomeﬁmfbmla mixkires of differentecdnsles@onaybe preiseht, Itt he

anode i s to SN Pedindrs @il et ﬁgge ab{ie Byt Y EHES the Bhaf3h81 5 15 ana
14 netal s, sukdiuasscompound’tis inteodewDtaencBopass MixXtunesod/ampmindsxi de, are
general |y useghy/dhigomepde 110 may al so conprise an organic

To achieve a high efficiency LED, the HOMO (highest occupied
25  molecular orbital) of the hole transport material should align with the work
function of the anode, the LUMO (lowest un-occupied molecular orbital) of
the electron transport material should align with the work function of the
cathode. Chemical compatibility and sublimation temp of the materials are
also important considerations in selecting the electron and hole transport
30 materials.

The other layers in the OLED can be made of any materials which
are known to be useful in such layers. The anode 110, is an electrode that
is particularly efficient for injecting positive charge carriers. It can be made
of, for example materials containing a metal, mixed metal, alloy, metal

35 oxide or mixed-metal oxide, or it can be a conducting polymer. Suitable
metals include the Group 11 metals, the metals in Groups 4, 5, and 6, and
the Group 8-10 transition metals. If the anode is to be light-transmitting,
mixed-metal oxides of Groups 12, 13 and 14 metals, such as indium-tin-

10



material such as polyaniline as described in "Flexible light-emtting

di odes nmade from sol ubl e conducting polyner," Nature vol. 357, pp 477-479
(11 Junew©93m§9961At | east one of the anode and cat hode sheafrdshzoass | east 5
partially transparent to allow the generated |light to be. observed.

Exanpl es of hwlide,tarageperallyreseer i Elesanade fl § eraylaiSo carpriseem organitar i zed

Edi t1on. vl Maisfel Sucf JE by ey ARfcfoqut FBKER ot EEMRHgARder P 1"
7ol ecul es  andnadé fiwet soluble canductind polymesii Natueewol. 367 hep 4774858 1 i ng

mol ecul es ar efyy, Mgzil Pl felyet o'Ne'\J)ﬁI’% %héd@%hméamwyéﬁould e at least
[1,1 - blphen%{a4 diamne ("T - bl s |-4-toyamno)

phenyl ] cyél o h/t{aﬁ%f@')‘t t°N5’"IQ'W @Pﬂeﬁ‘ﬁﬁ%t?ﬂ}' htoRe pbsemnedp; s( 4-
tet Pyl Ehem(/l?)) [éthl EXa?n@e)s@lf m@ubdépd@hmaxérialém |a)|féralrzgrtea\(e tﬁélé?UP)DA , s
etrakis ne epe a
phenyl - 4- N, N %ﬁgﬁ%gﬂﬁ%&@‘? Hé('Echngh?r EBC gﬁﬁhﬁmmélbenzal dehyde
di pglegyl h%/gr a'E&ntrmo(dgyAEfFrb)mhtEdltmTer\&dlaTB ,pe 8371890, )1,996bbysy4wad)g NBdth et hyl am
i no nme :g
1- phenyl - méb %é?ﬂlﬁﬁ%%llé? GI%Q)% Bdijnrh%% rflﬂé/ﬁam no o&]rgﬁglly]usgyr azoline
(" PPR or transporting rrachlgcule§(a9$+ Mtﬁnyb -Bis{Tmetiophems)- ("DCZB"),
gng Nor Nh-ﬁetn ﬂaqkb%‘én nwmam ¢TPD)L'1,1-Bi aycgc adrp]ﬁ\o)dl ammr;gm( TTBeé
porpnyri l S p . y us
hol e transporRN&RY ﬁ%&?@?@@ a(rutkpgo] ;'/‘ﬁﬁ 6‘?@451 téerYyEf) NN b'scg'"
ﬁ glhgngflr gﬁ}s leréthwbhemylph‘m -@8-dwiesbipgheey(]4;4' +cﬁamim;)(“EW99§’ Ibl eult gsogb iuh nas
those nenti o&égggéﬁéﬁﬁ%’%yg%Ws’goﬁ%?%{se?&?;igiwgﬁ% ﬁg,)péT ycar bonat e.
Exanpl es 16f qiheny phpoylaminestyieaeq “TRS")) iethidami ude net al
chel at ed oxi rgﬂj{,}a i | um num
("Alga"); phgﬁn%gt N;ﬁadﬂ‘n‘%gas )?ré'fooﬁlﬁ;lwﬁéﬁ%ﬁg@ g_'s Sg Bm%l(ms %1@[ -4,7 30
di phenyl -1, 1bi \ mMiRe 'Dﬂhb\( epyll4-me Yﬂﬂhﬁiw methane
phenant hrol i EMPM?F' 9- phéﬁﬁ /AN (Y mamna r§uu5h[pa@ éih{(lérrl?rh@bﬁéﬁiﬂ 1) -5-
(4-t-butyl phe ﬂ%ﬂll 3"I§P§X dl‘@é@\ gh? [§¥y g é @ nyl'yl) - 4 phenyl -
5- (4-t - but yI gEaZalne( OFi S 13' y raIQB function both to
facic litate e:ﬁmmobutarny-(SIDGlZB”),NN,I@'l,N'Gtetsrakvs@f eretiayIphéhyd)-(1, #tyer or 3?
confinerment |a 0, At eV u]e&? | exciton er_interfaces.
Pref erably, ttﬂegﬁéq@%r&' 'ﬁ‘agﬁb?gs gc%ﬁ&ﬁbgﬁrl"?@@ﬂ%‘@éd%@%&g%xci ton
quenchi ng. 1lcoppe0phtiededyanier/ Coreiamy 4Sed hle teandpadtingl pOlymiess are el ect r ode
that is partigiashvamblbe! Gherdyfhethyl)polysilane, and polyaniline. It is also
possible to obtain hole transporting polymers by doping hole transporting
25 molecules such as those mentioned above into polymers such as
polystyrene and polycarbonate.
Examples of electron transport materials for layer 140 include metal
chelated oxinoid compounds, such as tris(8-hydroxyquinolato)aluminum
(“Algz~); phenanthroline-based compounds, such as 2,9-dimethyl-4,7-
30 diphenyl-1,10-phenanthroline (‘DDPA”) or 4,7-diphenyl-1,10-
phenanthroline (“DPA”), and azole compounds such as 2-(4-biphenylyl)-5-
(4-t-butylphenyl)-1,3,4-oxadiazole (“PBD") and 3-(4-biphenylyl)-4-phenyl-
5-(4-t-butylphenyl)-1,2,4-triazole (“TAZ"). Layer 140 can function both to
facilitate electron transport, and also serve as a buffer layer or
35 confinement layer to prevent quenching of the exciton at layer interfaces.
Preferably, this layer promotes electron mobility and reduces exciton
quenching.
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I njecting electrons or negative charge carriers. The cathode can be any
nmetal or nonnetal having a | ower work function than the anode. Materials
for the cabhededsan be sel ected fromal kali netals of G ompTASiEOQ49 Li,
Cs), 5the Goup 2 (alkaline earth) netals, the Goup 12 nmetals, including
the rare earth elEmepathodedS0aistdraaiedtrede dmat is parteotarly efisieniMatreri al s such
as al um num;_indi i rd LM ' wel | as
conbi nat i ons,m egﬂhge@eucg@(gﬁ qfirﬂeggﬁ\(%#ﬁ%rﬁ%a%g?ggﬁonﬁ%?%ﬁgagg?rﬁo@&n > can al so
be deposit ed metahee ponmetarhayinga lawenwerkfunetioncthandbe angger Materials| ower

lectron ¢ daoy i @tflode cah be el roR A Ral el M totp D S het ween
the condusti dbe Gioupratalkalinesarsh metals, the Geour, 42 maglels. NBiding fhe! 1 i ¢ at o
Posit!ve Charrﬁie eaﬁht@mt ehtmﬁl lanthamidksy | anldrmé eEt‘im‘deszf Mdg@riélggacl_sasolr to
unction as a,15.pr ive ro_Si rly. there can addi na

L ayers (not MO LEEHRreAGR, bt paafur. 38 hrtstidiomtl Bjer 150
to facilitat ecomigigations candeyesed. alnsgomtainsngddrganbmettllipppompoundsigamet ween
the | ayers, ' r ' re known in
the art can %geohgegdé& %ﬁéggﬁﬁf‘?‘%‘n‘%eg‘sn@gé"f“\{?%ée’a%'ﬁ%tv“& e@%‘?"? @QQFT@éyers can be
made of 240 tvewsr theoepenatipgveltage.t er nati vely, some or all of inorganic

And cathode Layer ogr oAb el R I et e R o

t ransport ef@ﬁ%’ﬂ@ﬁc .e’rqﬁ@x&?cﬁ @eb?n%ewnigéwﬁﬁn BeGeNdUCHYR conponent
ljayers ifSt hpr;iziféﬂﬁ_éblr?yceldﬂlzerdﬁd;tfé a!@ﬂvé)wyelndBQGOtfétﬂlitamad)@simze @':argédLng a
evice wi i | i V. er ac
functional | é{%}spﬁ&ﬂ%chhﬁﬁ%&gspﬁﬁﬁﬁ%g °f:“h%f?y§ﬂsg qrjég&?m?ﬂgsa%vi ce can be
prepar ed 15y guqtestivedayer. \Similarlyldpersi cambe additionadiayersuabt shgwns on a

sui tabl e subsidietn (AU BEHIEIAEr 96 Brah bal Do yer PR weftdie 11 can be

used. Conventional vapor I on gues can be used, such as thernal
evapor at i on, nagativeahavggiansreband/ophandgdp matchingdetwaendhadayerel y, t he

or Igani ;: | ayergy teaanaﬁarp@@é?ﬁotfeblm RykHt Lé’yﬁsﬁlﬁat éfbﬂ@@ff\ﬁ\i iAMNAe laft Gah L abl e
SO vents, USag Sy, FOYERo 08! ofiRa e Lachibel huers paBE e el 1S e
110, 500-250004o0 grrabes Eykys. LAREr2NEI; sdmé er il ah foganit ayede 18fr  50- 1000A,
100- B00A: el obid g PASePYEr By sDYEd ghe sotic 12yl 30, and CEBERE 0 o
cat hode 150, lager 150)00ay bpserfaca iepte3bio-ipo@@ase chaege carmier ransporf\0 03/ 069961
PCT/ US03/ 0A'“ta%ficiency. The choice of materials for each of the component layers is
preferably determined by balancing the goals of providing a device with
25  high device efficiency.
It is understood that each functional layer may be made up of more
than one layer.
The device can be prepared by sequentially vapor depositing the
individual layers on a suitable substrate. Substrates such as glass and
30 polymeric films can be used. Conventional vapor deposition techniques
can be used, such as thermal evaporation, chemical vapor deposition, and
the like. Alternatively, the organic layers can be coated from solutions or
dispersions in suitable solvents, using any conventional coating technique.
In general, the different layers will have the following range of thicknesses:
35 anode 110, 500-5000A, preferably 1000-2000A; hole transport layer 120,
50-1000A, preferably 200-800A,; light-emitting layer 130, 10-1000 A,
preferably 100-800A; electron transport layer 140, 50-1000A, preferably
200-800A; cathode 150, 200-10000A, preferably 300-5000A. The location
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of the electron-hole reconbination zone in the device, and thus the

em ssion spectrum of the device, can be affected by the relative thickness
of each |wQeB/Hoe9Pbius t he thi ckness of the el ectron-transporCTitay®e41shoul d be
chosen so that the el ectron-hole reconbination zone is in the

| i ght - em t ti raf tBe eleotnon-hidie reesnbiedtiomizone of theadevice, landidhas dfes wi |1 depend

on, the exact oriabinE ol ifof b levites B afldcrd Py e TR IdALSS e

ef ficiency of evi ce ium <CO e 1 nvention,

can be furt hef gagpriayesd Thusspeithickness efitbe edﬁm@n-trm@t laper showldbece. For
exanpl e, nor gH¥sbh oAkt mta@@tﬁﬁw hdlelre@8mbthatidn z'@?\e% uLtHé @me@ﬁtﬂﬂ@e

Shaped subst rates rans. resu 'n a

reducti on?i n By d %aeﬁ)'@dt ra4e Og axeﬁéfﬂlgsg%sseadgﬁpaﬁ%ql 3&@@5% re al so
appl i cabl e. Ashlute ofithk nhatgdals used. al so be added to tailor the energy

1 di um conpl exes 'CF BY RS 18 Hindemh Son M b WA E B e en
and may be usminpoundszfthé inveintins, carhee fwrthm iDpEXed byoptinizingothe,
or ganonet al | 'cﬁhéﬂggéﬁgﬁ%héhewcbdm y@@%ﬁgret@rﬁ&eﬁﬁcamzsuggeuéﬁa§' tive

I ndi cat ors, rescent In | 0assays as catal ysts.

20 EXAMPLES GF'heBEF er Ltfmﬁaibb%iééﬁﬁ{ @apeﬂwbsts@t@sc?adtmw hela trarspogh d

advant ages qhaféanalsomsr?éyultnﬁmauetrbn W@peramg vat@w@rdmbféd@e illustrative
of the invention, i ght, unl ess

p
ot herwi se i r%%w@&%%“%@(m' f%?h‘l"%bl%xg‘ﬁé?@"?ﬂﬁﬁgﬁ%ﬁ’bélsﬁg preparation
of the 2-phergddedrtodaitershe @ndrdd lebels\dfiie varioisayershand fauilitatesed to form
the iridium cgpg Uﬂﬁl%\ sl\(},%ﬁgglgeneral procedure used was described in O
Lohse, P. The ogel Synlett, 1999, 45-48. In a typical
experimerds, a 30 Thexiridiusn cbrpdexasl ofdhe damgee@re\ahesphcﬂesgewanmt assi um

e, ot BN A AN A 2

a substitute I ne |md|ne) an 5 nol of a
substi t ut ed eocvrganameéam@gom@queﬁ@alrc@m $®d@s h. The

resul ting éﬁ%eﬁbmé‘rrﬁjlt&ﬁéréﬂ'ds%ﬁﬁ %ﬁé@c@ﬂﬂnﬂcaﬁfrs%bﬁfas@éﬁh extracted
with 35 CHZ 2 x 1 . The conbi ned organic | ayers were dried over

MySO4, and tf?é1 % (R ysF%m)ved by vacuum The |iquid products were
purified2y fractional vacuum disti |EXAMBPLESThe solid materials were 13 WO

03/069961 PCT/ USO3ILI9e4fJoﬂ8wing examples illustrate certain features and advantages
of the present invention. They are intended to be illustrative of the
invention, but not limiting. All percentages are by weight, unless otherwise
indicated.

25 EXAMPLE 1
This example illustrates the preparation of the 2-phenylpyridines
and 2-phenylipyrimidines which are used to form the iridium compounds.
The general procedure used was described in O. Lohse,
P. Thevenin, E. Waldvogel Synleft, 1999, 45-48. In a typical experiment, a
30 mixture of 200 ml of degassed water, 20 g of potassium carbonate, 150 mi
of 1,2-dimethoxyethane, 0.5 g of Pd(PPh3)4, 0.05 mol of a substituted
2-chloropyridine (quinoline or pyrimidine) and 0.05 mol of a substituted
phenylboronic acid was refluxed (80-90°C) for 16-30 h. The resulting
reaction mixture was diluted with 300 ml of water and extracted with
35 CH2Cl2 (2 x 100 ml). The combined organic layers were dried over
MgSOy4, and the solvent removed by vacuum. The liquid products were
purified by fractional vacuum distillation. The solid materials were

13



recrystallized
>98%

f rom hexane.

The typi cal

purity of

I sol ated material s was
2-(2', 4" -di met hoxyphenyl ) pyri di ne was prepared via Kumada

coupling

of 2-chl owopgwexdsne with 2, 4-di met hoxyphenyl magnesi um br orcaasododim t he

presence of [(dppb)PdCl2] catal yst,
1, 4- bi s(di pheaeygiystallizgd fnanthexane) .TheTtypical purity of isolated insaterialgiveasls,

and boiling
anal yti cal

B.p./ mm Hg (&8
1-c 41 (95-96)

(58- 60)

1-aa 60
75-76/ 0. 01 (54-56)

data are given i
Pyri di nes, Phenyl r%r(?g
dblih%ioFZtho:%pgﬁdinewi&r2*47d?methox%fpheﬁﬁma esium
1-d 38 (39-4 -e 55 74.5/0. 1- 88-"71- 73
77-78/0. 026 1hine B@Wgﬁi(dp)i?b}#@gzlﬁﬁt%%Y\g‘ffe QPPg;E%P
95-96/ 13 1-w 4dis(diphehyphosphidofilfand): y 62 (68-70)

o iy e e o

st

n Table 4.

7072/ 0. 093

MEENS o]

wher e dppb.

represents

mel ting

idat s of the new materials are given in Table 3. NWMR data and

10 TABLE 3 Preparation of 2-Phenyl

i -dimethoxyphemhenridigaiwas preparecsiggtumadai el d in %
Brorhige- 78)
[0.07 1-t 65
iesenty 0. 12 1-v 63
1-z 42 66-67/0.06

materials are given in Table 3. NMR data and analytical data are given in
Table 4.

10

TABLE 3

Preparation of 2-Phenyl Pyridines, Phenylpyrimidines and

Phenylquinolines

Compound Yield in % B.p./ mm Hg (m.p.) in °C

1-s 70 -

1-a 72 -

1-b 48 -

1-u 75 (76-78)
1-c 41 (95-96)
1-d 38 (39-40)
1-e 55 74.5/0.1
1-g 86 71-73/0.07
1-t 65 77-78/0.046
1-k 50 (38-40)
1-m 80 72-73/0.01
1-f 22 52-33/0.12
1-v 63 95-96/13
1-w 72

1-x 35 61-62/0.095
1-y 62 (68-70)
1-z 42 66-67/0.06 (58-60)
1-aa 60
1-ab 61.5 70-72/0.03
1-ac 39 66-68/0.01
1-ad 76 75-76/0.01

(54-56)
1-ae 76 69-70/0.06
(44-46)

1-af 84 (83-85)
1-ag 72 64-65/0.026
1-ah 36 62/0.01
1-ai 49 99-101/0.26
1-aj 58 108-109/0.1

14



1-ag 72 64-65/0.026 1-ah 36 62/0.01 1-ai 49 99-101/0.26 1-aj 58
108-109/0.1 14 WD 03/069961 PCT/ US03/ 04149 TABLE 3 Preparation of 2-Phenyl
Pyri di neswoRBeespbpyri m di nes and Phenyl qui nolines 1-ak 26TASIT/104L
(52-54) TABLE 4 Properties of 2-Phenyl Pyr| di nes, Phenyl pyri m di nes and
Phenyl qui nol i nes Anal y5| s % found (! lEB Corrpound 1H NMR 19F NWMR or M5
(Mt) 1-s 7.48(3H), , G4 . '|e§§ H)y, H 3.49
7.90(2H), (3.59) T a) ' 628 1 ¢t ), -00.82 (3F,s),

C, 59. 56 7.30(1 H), -116.96 (1 F, %W?.%(l H, H3.19 7.98(2H),
(2.90) 8.07 (1 H)gd\, 5.52 9. 00(46H) (5.81) 1-b 7.586T7M)1 -62.75 (3F,s),
C, 53.68 7. 66(1 I—B -63.10 (3F, s) (53.60) 7.88(1 Hp2-54) 2.61 8.03(1 H,
(2.40) 8.23(1 H, N 4.53 8.35 (1H) (4.81) 8.99(t H 1-u 7.55(1 H,
-62.89 (s) C 69.17 7.63(1 H), (70.33) 7.75(2H), H 3.79 7.89(2H),
(3.66) 8.28(2H), N, 4.88 TABLE 4

Properties of 2-Phenyl Pyridines, Phenylpyrimidines and Phenylgquinolines
Analysis %, found (calc.)

Compound 1H NMR 19F NMR or MS (M)

1-s 7.48(3H), 62.68 C,64.50
7.70(1H), (64.57)
7.83(1H), H,3.49
7.90(2H), (3.59)
8.75(1H) N,6.07

(6.28)

1-a 7.19(1H),  -60.82 (3Fs), C,59.56
7.30(1H), -116.96 (1F, m) (59.75)
7.43(1H), H,3.19
7.98(2H), (2.90)
8.07 (1H) N, 5.52
9.00(1H) (5.81)

1-b 7.58(1H),  -62.75 (3F,s), C, 53.68
7.66(1H),  -63.10 (3F, s) (53.60)
7.88(1H), H, 2.61
8.03(1H), (2.40)
8.23(1H), N, 4.53
8.35 (1H) (4.81)
8.99(1H)

1-u 7.55(1H), -62.89 (s) C, 69.17
7.63(1H), (70.33)
7.75(2H), H, 3.79
7.89(2H), (3.66)
8.28(2H), N, 4.88
8.38(1H), (5.12)
8.50 (1H)

1-¢ 7.53(1H), 62.14 (s) C, 53.83 (53.73)
7.64(1H), H, 2.89
7.90(1H), (2.61)
8.18(1H), N, 9.99
8.30(1H), (10.44)
8.53(1H),
9.43(1H)

1-d 7.06(1H),  -62.78 (3F, s), C, 59.73
7.48(1H), i (59.75)
7.81(3H). 112.61 H,2.86
8.01(1H), (1F,m) (2.90)
8.95(1H), N, 5.70

(5.81)

15



8.38(1 H), (5.12) 8.50 (1 H) 1-c 7.53(1 H), -62.14 (s) C, 53.83 (53.73)
7.64(1 H), H 2.89 7.90(1 H), (2.61) 8.18(1 H, N 9.99 8.30(1 H),
(10. 44) W0B30dookd), 9.43(1 H) 1-d 7.06(1 H), -62.78 (3F, BLT/UGH3/EA4T3
7.48(1 H), -112.61 (59.75) 7.81(3H), H 2.86 8.01(1 H, (1 F, m (2.90)
8.95(1 H, N, 5.70 (5.81) 15 WO 03/ OEABGE $CT/ US03/ 04149 TABLE 4

Properties of P%O]Eétﬁgg!of WH%t,, I gl nes

Anal ysis % f oe ] Hj\ Msf/ md( zl).80(3I—|)
-62.63 C, 61.66 6.93(2 7.68(1 H\nasisZeotourt (8

(4.04) 7. 96(Q¢mpound55 %NMF%2§ H?glgNM%s)(l g 2. 700BMS (MM, 03 CH) 76.56
7.10(3H), (m (712e00) 38@%#1 H, HZ32g3 7.60(1 H, (& 896 8 05(2H), N,

5.43 (7.50) 1-t 73 C, 51 7.35(2H), ) (52.17)
7.96(1H), -113. 67 H 1. 9768&::%( ?%F m (2.17) N(f.?gg (5.07)
7.85(1H), (4.04)
7. 96(2H) N, 5.53
8.82(1H), (5.38)

1-g 2.70(3H) -114.03 C, 76.56
7.10(3H), (m) (77.00)
7.48(1H), H,5.12
7.60(1H), (5.30)
8.05(2H), N, 5.43

(7.50)

1-t 7.10(2H), -62.73 C, 50.51
7.35(2H), (3F, s) (52.17)
7.96(1H), -113.67 H,1.97
8.78(1H), (1F, m) (2.17)

N, 5.09
(5.07)

1-k 7.08(2H), -62.75 C, 60.39
7.62(1H), (3F,s) (59.75), H,3.38
7.90(3H), -111.49 (2.90),
8.80(1H), (m) N, 5.53

(5.51)

1-m 7.10(2H), -62.63 C, 52.13
7.80(2H), (3F,s) (62.17)
8.00(1H), -111.24 H,2.16
8.75(1H), (m) (2.17)

N, 4.85
(5.07)

1-f 7.55(3H), -62.57(s) 257(M*,
7.77(2H), C12H7F3CINT),
8.06(1H), % Z -Cl)
8.87(1H)

1-v 3.8(3H), -62.70 ppm C, 61.66 (61.37),
6.95(1H), H, 3.98 (3.67),
7.30(1H), N,5.53 (5.48)
7.50(1H),
7.58(1H),
7.75(1H),
7.90(1H),
8.87(1H)
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1-k 7.08(2H), -62.75 C, 60.39 7.62(1 H), (3F,s) (59.75), H 3.38 7.90(3H),
-111.49 (2.90), 8.80(1 H), (m N 5.53 (5.51) 1-m7.10(2H), -62.63 C,
52.13  7.80(02bho961 3F, s) (52.17) 8.00(1 H), -111.24 H, 2. 1@CTRISESEA4H), (m)
(2.17) N, 4.85 (5.07) 1-f 7.55(3H), -62.57(s) 257(M+, 7.77(2H), Cl2 2 7 3
+) 8.06(1 H), 22(MC) 8.87(1 H) 1-v ABBESH) -62.70 ppm C, 61.66 (61.37),
6.95(1 H), H, ( ) 1 , (] .
7.75(1 H), T £5 ‘ ) '
Properties of 2 Phenyl Pyrl di nes, Phenyl pyrl m duABelyatso% I(gaicr)ol i nes
Anal ysis % f@empoyndl| c. HNMtRmound“gﬁ-lNM.Rz 19F NVR oromM&S((M)) 1-w 8.54 (1
H -63.08 (3F, 9w d),88441H(2H, dB3.08{3F0sX2H, d), 7.24 (1 H s), 6.82
(1H dd), 3.91 (3H @) 8k 6.9 (2H m, -109.70 (L F, m,
(2H, d),
7.70 (2H,
d), 7.24
(1H, s),
6.82 (1H,
dd), 3.91
(3H, s)
1-x 6.9 2H, m), -109.70 (1F, m),
7.18 -113.35(1F, m).
(2H,m),
7.68 (2H,
m),
7.95(1H,
m),
8.65(1H,
m);
1-y 6.94(1H), -62.72 ( 3F, s),
762(2H),  -109.11 (2F, m)
7.82(1H),
8.03(1H),
8.96(1H):;
1-z 6.85(1H), -62.80 ( 3F, s),
6.93(1H),  -107.65 (1F, m),
7.80,7.90, -112.45(1F, m).
8.05(3H),
8.89(1H);

1-aa  7.70(3H,m),
7.85(3H,
m), 7.80,
7.90,
8.85(1H,m).

1-ab 2.39(3H), -102.96
6.99(2H),
7.02(1H), (1F, m),
7.57(1H), -113.18
7.99(1H) (1F,m)
8.56(1H)

17



7.70(3H ),
-102.96_ 6. 99(2H]

2 Phenyl

7.18 -113.35(1 F, m.
1-y 6.94(1 H),
8.03(1 HWO 0808861l H);
7.80, 7.90,

7. 85(3H,

-62.72 ( 3F, s),
1-z 6.85(1 H),
-112.45(1 F,
m, 7.80,

Pyr| di nes,
7. 63(@4dadd) ,

1-ad

1-ae

1-af

1-ag

1-ah

(2H m,

Phe yI pyr| m din
found (caic. )Compn‘pndnd HNMR 19F

7.17(1 H), 2.49(3H), H) ,

7.17(1H),
7.63(1H),
7.91(1H),
8.48(2H),
8.60 (1H),
9.00(1H)
2.25(3H),
6.90(2H),
7.55(2H),
8.50(1H),
8.85(1H),

2.35(3H),
7.05(1H),
7.55(2H),
8.01(1H),
8.18(1H),
8.50(1H)

2.43(3H)
7.66(1H),
7.87(1H),
8.47(2H),
8.59 (1H)

7.20(1H),
7.65(3H),
8.10(1H),
8.17(1H),
8.65(1H),
9.43(1H)

6.90(1H),
7.18(2H),
7.68(2H),
7.95(1H),
8.65(1H),

7.68 (2H,
7.62(2H),

795 435(1Hm)

-63.23 (s)

-110.37
(1F, m)
-113.50
(1F,m)

-63.03 (s)

-63.18 (s)

-63.05 (s)

-109.70
(1F, m)
-113.35
(1F, m)

18

, 7.95(1 H,
-109. 11 ( 2F,
-62.80 ( 3F,
m. 8.05(3H),

, 8.65(1 H,

7.82(1 H),
, 6PQ$(USOJ7‘D4,149 107. 65
8. 89(1 H)

ﬁﬁﬁand Phenyl @oalyéls %eﬁ)un&‘(@aics) s %

NMRMS (M+) 1- aor MISAMBH) , - 63. 23 (s)



8.48(2H), 8.60 (1 H, 9.00(1 H 1-ad 2.25(3H), -110.37 6.90(2H), (1 F,
m 7.55(2H), 8.50(1 H), -113.50 8.85(1 H), (1 F, m 1l-ae 2.35(3H),
-63.03 (swoo030@d¢l H)y, 7.55(2H), 8.01(1 H), 8.18(1 H), PpPBTAG(IL 049 1- af
2.43(3H) -63.18 (s) 7.66(1 H), 7.87(1 H, 8.47(2H, 8.59 (1 H 1-ag
7.20(1H), -63.05 (s) 7.65(3H), 8. 10ﬂ %E, 8. 17(1 H, 8.65(1 H, 9.43(1
1-ah 6. 90( - . henyl i :

Properties of 2. P s, Phanvl oyt nealyaisdopfring Galdbo|
Properties of 2Phen| ridi nes nI rlmdl 0 I nes
AnaIpyS| s % flomgoy eél cﬁ?i' NM&rpoundl?g )(\N%z 19F NVR orond§ (M) 1-aj 1.35(9H)
-63.19 7.34(1 |-1)aj7 72( 1.38(9H) 63.19

7.34(1H)

7.72(1H)

7.88(1H)

8.44(2H)

8.61(1H)

1-ak 2.46(3H) -62.86

7.15(1H)

7.60(1H)

7.73(2H)

8.11(2H)

8.59(1H)

Compound 1-al has been reported previously in the literature.

EXAMPLES 24
These examples illustrate the preparation of the phosphinoalkanol
precursor compounds.

5 EXAMPLE 2
This example illustrates the preparation of the precursor compound
1,1-bis(trifluoromethyl)-2-bis(triphenylphosphino)-ethanol (PO-1H). The
compound was made by two different methods.
Method a:

10  The phosphino alkanol was made according to the procedure in Inorg.
Chem. (1985), 24(22), pp. 3680-7. Under nitrogen, 1,1-
bis(trifluoromethyl)ethylene oxide (12 g, 0.066 mol) was added dropwise to
a pre-cooled (10-15 °C) solution of diphenylphosphine (10g, 0.053 mol) in
dry THF (50 mL). The reaction mixture was stirred at 25°C for 2 days,

15  after which NMR analysis indicated > 90% conversion. The solvent was
removed under vacuum and the residual viscous oil was distilled under
vacuum to give 8 g of the fraction (b.p. 110-114 °C at 0.05 mm Hg) which
crystallized on standing. Both the NMR data and m.p. (59-62 °C) of this
material (>95% purity) were consistent with those reported in: Boere, R. T.

20 etal., Inorg. Chem. (1985), 24, 3680. 'H NMR (CDCls, 20 °C), 5: 7.3-7.8
(m, 10H, arom. H); 2.8 (br. s.; 1H, OH); 2.2 (s, 2H, CH). '°F NMR (CDCl,
20 °C), §: -77.3 (d, Jr-p = 15.5 Hz). *'P NMR (CDCls, 20 °C), &: -24.4
(septet, Jp.r = 15.5 Hz).

Method b:

25 (i) Preparation of 1,1-bis(trifluoromethyl)-2-bromoethanol,

BrCH,C(CF3).OH. 1,1-bis(trifluoromethyl)oxirane (100 g; 0.55 mol;

19




7.88(1 H 8.44(2H 8.61(1 H 1-ak 2.46(3H) -62.86 7.15(1 H) 7.60(1 H)
7.73(2H) 8.11(2H) 8.59(1 H)Y Conpound 1-al has been reported previously in
the |iters0wse6996EXAMPLES 2-4 These exanples illustrate tRreTpSepanad i on of

t he phosphi noal kanol precursor conpounds. 5 EXAMPLE 2 This exanpl e

i | lustrates tpreppreshas describesf int WO 0/6657 520080 b Dwkdnt). was added

1,1-b trifl t Th
conpound was SN/ B, 100t & 1 dd]eRs HAfaERT | ShoGid %‘%@%osp o
al kanol was mm%mtbuaq@w@emedgﬁsﬁfetmr@omewrn@ng magmi,tmstl(

(120 07066 tal. ina CagaoNdrl Alire wad sifrbd PQHEEE*”&WWQ‘%QZLFEE on of
di phenyl pRos 'R é‘hﬁ@ﬁ‘pe@aty%rﬂ%\g tQ%CS Gir ?\ﬂ%ﬂeo?w e ”TF?é“P%!)éﬁirPon

u gturte \C/ivas ;theonQl@natayéﬁWa&@ep&ratlaasdrle‘tﬁowértlﬁgsml ad NivBlledtd gives .

i ndi cated > ugan e
resi dual vi sc%ﬁgﬁgﬁiﬁcﬁﬁpgg éﬁpi)rm u@#et/ qﬁw@ﬁécﬁﬁ?{’ 311@
fraction (b. pbr $10H14QHY HT0@, 26, Ai2)Hg) FvNMRKCBCiaM-&BIQ (s@d This st andi ng.
Both the NWR rﬁﬁféﬁhngésﬁﬂé%grcév%?‘fr@%h@ca@émé@g%ei_&ﬁéﬁélé%s F4>Q§P/?|8Hro'ﬁ1 vvere

consi stent W t ed in: "Boere nor g

(1985), 28 JIwvdstep4 NVR (CDCI3, 20 ©), 8: 7.3-7.8 (m 10H, arom H) 2.8
Sltgrp S. 35 i |Szﬁr)}:i)md'ér 3|t/(w)g§nzfda§fﬁ2h sbﬂﬁndw\éﬁf’(m&ﬂuo?&nah 2 -77. g gde)
Vet hod - 25 68,8 grenaed e SQ%%cr'Pﬁﬁabexéfwﬁry ezh%ma;lreévﬁ)anm '

Br CH2C( CF3) Zmdoléd fo b'/ias‘(('t rwdsd addedrdtdpywisexi.6 Ma-Balon hexnéd(Atdtich; 19 VO
031969561, PCHLRRY I n B s raBnenl BichanbARaeaStes) 48R°, 0,
bot t om gllass admkdrop-mse at vugorous stirring, to the resuiting solution of the
dilithiated derivative. After stirring the mixture for 3 h 20 min at-78 °C, it
was allowed to warm slowly to room temperature and then stirred at room
temperature overnight. The soivents were removed under vacuum.
Dichloromethane (10 mL) and trifluoroacetic acid (1.66 mL) were added to
20 the residue, and the mixture was chromatographed on a silica gel column
(5 x 25 cm) with dichloromethane. The product was isolated as an oil
which crystallized upon drying under vacuum. The yield of the product as
white crystalline solid was 5.3 g (71%). The compound was found
identical with the material synthesized according to method a.
25 1.1-bis(trifluoromethyl)-2-bis(triphenylphosphino)-ethoxide [PO-1]
To make the sodium salt of the ethoxide ligand PO-1, sodium
hydride was added to the alcohol in THF. The salt was isolated by
removing the volatile components in vacuo.

EXAMPLE 3
30 This example illustrates the preparation of the phosphinoalkanol
precursor compound Ar,PCH,C(OH)(CF3),, where Ar = 3,5-(CF3)2,CsH3
[PO-2H].
Method a:

Under nitrogen, a stirring solution of (3,5-(CF3)2Ce¢H3).PH (1.50 g; 3.27

35 mmol; prepared as described in: Casey, C. P. et al., J. Am. Chem. Soc.
(1997), 119, 11817) in THF (30 mL) was cooled to -78 °C and treated with
a 1.6 M solution of n-BuLi in hexanes (2.06 mL; 3.30 mmol) to produce a
deep-purple reaction mixture. To the latter was added, at stirring, 1,1-

20



equi pped with a dry-ice condenser, thernoneter, and magnetic stir bar at
30-40C. The reaction m xture was stirred under reflux for 3 h. At that 5
poi nt t hewbDespeweat ure raised to 90 C. After cooling to roecTiusSnpernad ure,
the bottom | ayer was separated, dried over MgSO4, and distilled to give
104 g (72% dbis@rfdramets) @oiylene pxideq0-50080.483InNlyR.27CB¢hal) and.the (br s,

1 H - , 3. ra 9 erial was
dried (c)]\j)er frégﬁ% \ég% 8 neq‘1 ﬁ%ﬁgéﬁ@fr&%v@eg%a% %ﬁ?%?t"ﬁﬁbt th%O next
step. (ii) Unegpesatureguerniahs, thessalutiomyas deaiqcowitivi0.3 ml of _

above) | dry B Bl R . a6
PCBuL) {1 Shexsied qeNThFinyIeTe TR - haxangs 00 By vokime) of the residus,

chl or odi phenyfofibwead yrnactGin sublinfatiod prbduesd AbRCHUS(OH)0OFY), $£52a; Vi gor ous
S r S b 4% M R ra i S Eofeedlddd hRLSSAE AR oo i
slowy to roohknaleCatddionCeotyfrds@Reto: €,id7r@&H,at.4r doomdf $mG:r3at birld, dder ni ght .
The sol vents vV, d v i royat ea :

trifluor oacet%N&Fiﬁgg?i,legBﬁ@m Smé}e?gdjgﬁldfe@ ?@n?mhd;edr}ég'i(’ ﬁglél,a@h?'?he

m xture vds cl§r 8haChip).ap e (@Dl 20 " QGeb: B39t 1265 (GF5CeTY); wi t h

pon dryi g U B O O o (Y 0 SOk 8, 2l T e
solid was 5. %?((s,gp%y le’]ﬁé: %@ﬁdb'énd was found identical with the materi al
synt hesi zed adethodimg to nethod a. 25

1,1-bis(trifl -2-blsliri Ny ' - ' PO11 T k
the sodi um sapgagiren ( LukihisBUFH B PBRIERIGOMAIOR. Lo ded To
the al coHdl ibromeethanad (8.811tg)iadry ethes(2@ mly cooadioi-7§ *Chavasddded e
ts i : : ' .q 4 t ti
of The- phospiireBayiRe (E BT Hodics GUATH,A 10 Tis, BRRT L850 8T 7 °F
3, 5- ( CF3) 2C6H3.5(Po) 2k gH)ae A H39; Rigpared s desmibeddnseasalnHgve st ak.i on of
(cg’sg_(cg?’)é et )F?aﬁéh(mﬁgn%% ) éhﬁagaddseagd | 1133'% 1r8dsﬁr1 ’(&ism'EdFi ? 30 m)
was Xbm ed iOre_sylgin@’sgﬁgioprcgép%g%wigft)?d'qﬂer&l_agvgﬂ Aferstinnader hE;'tE}L’} i n hexanes
I(2. 06 ni;203. 3T, thenjixtuve pasdliowea todearm pluvwlyom roeatctenyperature @nel thén t he
atter was adge t .
bi s(trifl uor gﬁi@%&%’@?’m{eﬁf&y%@%é’vé&@g ﬁ#ﬁ@%ﬁm@g ?gg‘%&%é%‘?‘%SHd t he
vacuum. Dichloromethane (5 mL) and trifluoroacetic acid (0.26 mL) were
added to the residue. Flash-chromatography (silica gel, dichloromethane)
of the mixture produced solid Ar,PCH,C(OH)(CF3), (1.32 g; 62%) which
25 was found to be identical to the material synthesized according to method

b.

EXAMPLE 4

This example illustrates the preparation of the phosphinoalkanol

precursor compound, Ar,PCH,C(OH)(CF3),, where Ar = 4-CF3CgH4 (PO-
30  3H).

Under nitrogen, to a stirring solution of 1,1-bis(trifluoromethyl)-2-
bromoethanol (2.28 g) in dry ether (46 mL) cooled to -78 °C, was added
drop-wise 1.6 M n-BuLi in hexanes (Aldrich; 10.93 mL). After 1 h at-78
°C, (4-CF3C¢H,4),PCI (3.28 g; prepared as described in: Casalnuovo et al.,

35 J. Am. Chem. Soc., 1994, 116, 9869) was added drop-wise, at vigorous
stirring, to the resulting solution of the dilithiated derivative. After stirring
for 2 h at -78 °C, the mixture was allowed to warm slowly to room
temperature and then stirred at room temperature overnight. The solvents
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m xture was allowed to warmto roomtenperature. After stirring at room
tenperature overnight, the solution was treated with 0.3 nL of
trifluorosoesioeeci d and evaporated to dryness. Fl ash-chr ecmtusgs/apiny 5
(silica gel, nethylene chloride - hexanes 50:50 by volune) of the residue,
foll onwed by wserenensaveld ureterr vacpumid UieblororaSERE(DHp I )CHE) Riflubrdetetic 73%

or ot prsaid 68t} e 4ty FRnsaglen sRUAeROER R il o
(CD2CI 2, 20 el gichigrgmethanghof medmxtw}%, oyeéthv sajventgyaporgtionzany 10 (s,
3? Pcujz)l 3 igﬁ,d&MBn{a?da@s od%@e@)Ar CFa) J(z%g %WL?%H@. htI)ZZeBt g SI
JP-F = 194 "°W|\$M %%W &% il‘é Okl scﬁ%"% iof |

1, lI b:js(t ri f7|(DI04218EHh212) - NMR(@@Q@IQ}'IZ@IGC) (507%(@) 8Hna|dmy le); 36 (thO hm_)
cooled to - r - r

4.35 ni). Af ?seﬁﬁ'mﬁwa%fg %ﬁ & W j%\g% %:98 152@??%(6?par ed as
descri bed i n:CEsGeliudV® @ Jab = 18.6 (CFHIGO8H5) RAMRBIBEHCH: 80- wi se,

at vi gorous iy 51 pe,4 ejl esulga pgysol ution of the dilithiated
derivative. Aft)er gtlr&% E:]élf‘cj)'{"ez r?t%t 278 20 C, the mxture was allowed to

vvarmslovlioy to roomtenperature andw_l-gtﬁrred at roomterrperature
overnight. The solMﬁ@b&a»ﬁl@mugﬂmgdwpﬁ&farat@cm osphfiicali@inepne (5 i)

Fllash’ chr omaitosrusey copehid RaPCHEThry e s Alcr CoRPEAH) ¢ o oduced

FI ash- chr omatRI§FY5AY CPTPOLR
solid Ar 2PCH2C{ OH)iNiitréderd 2oa stBang solutioh 023, whis(tfifluomdnethiip-2- dent i cal

A L L e,
Ar 2PCH2 pyvase n IMPERBES r ged0min@dgen, to a
Gry et hor S?LE*%‘? @SF%’?"”C"?"%*’HM@&’ 98 RkLaindd ird FARRBAET ol 3 3?. A
hexanes (Al drPeh Chem.93989,)6 &42@9 wasiadged drgp-vise, at \igerousisfinmg, 19 3. 28 g:

E&gpaggg 9;315 C{ﬁé%é‘»@ﬁﬁb BBFutISﬁ%ﬂﬁéJ?‘ﬁﬂnﬁéd Herivatble. JAfté\thlrFﬂ‘iQ m@r 56t at -1994,
at v

I
solut i on bt T o e e darealcad oARARY BiowhId faohitemBeatiel g | 757
t he m xt @0e wWhenatifredad roamiampesdtare gvernighboirhe tseiveatstvere removeden

stirved at ! 9pMerVRALA! BiEnRIGhBINANG-(18L)Md'fRbSroabeliDalRY ©%6 61

PCT/ US03/ 041
mL) were added to the residue. Flash-chromatography (silica gel,

dichloromethane) of the mixture, followed by solvent evaporation and
vacuum-drying produced Ar,PCH,C(OH)(CF3); (1.58 g; 23%) as a white

25 solid. Anal. Calcd for C1gHaF1sOP, %: C, 35.2; H, 0.55. Found, %: C,
35.1; H, 0.05. '"H NMR (CD,Cl,, 20 °C), &: 3.3 (s, 2H, CHy); 3.6 (br. s.; 1H,
OH). ®F NMR (CD.Cl,, 20 °C), &: -77.8 (d, Jr.p = 20.5 Hz, 6F, CF3); -
130.6 (m, 4F, 0-C¢F5); -150.0 (1, Jr.r = 20 Hz; 2F, p-CgFs); -161.0 (m, 4F,
m-CeFs). 3'P NMR (CD.Cly, 20 °C), &: -57.6 (m).

30 EXAMPLE 6
This example illustrates the formation of dichloro-bridged dinuclear bis-
cyclometallated Ir complexes.

The Ir complexes were prepared by the reaction between

IrCl3-nH20 and the corresponding 2-arylpyridine in aqueous 2-

35 ethoxyethanol. The method is similar to the literatures procedure for 2-
phenylpyridine (Sprouse, S.; King, K. A.; Spellane, P. J.; Watts, R. J., J.
Am. Chem. Soc., 1984, 106, 6647-53; Garces, F. O.; King, K. A.; Watts, R.
J., Inorg. Chem., 1988, 27, 3464-71.). A mixture of IrCl3-nH;0, a 2-
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were renoved under vacuum Dichloronethane (7 nL) and trifluoroacetic acid
(0.64 nm.) were added to the residue. Flash-chromatography (silica gel,

di chi or orwDlanepsnf the m xture, followed by sol vent evapecatisosodamnd
vacuum dryi ng produced Ar2PCH2C(OH) (CF3)2 (3.36 g; 81% as a slightly 5

yel | ow oi | . Jarylppadine @@12c-d2 Berquivkieiits pep O, 2-ethaRyeth@no) (dd, 30.raL peodnd, %

C, 42.8; H, N

ST H oy 99 ChrNDY St Gl g el 87 SodiEnlfuad o2
CF3C6H4) ; -7W|@rpuslymrnedi:rmraseﬂu@< (NaJfor4ct hearsH) Aftaricoaling to copml 2, 20
Q. 8: -27.1 tksRatflre, Honk. FICH% fLtgar-1 6 Fwas Hidadexrdtie

illustrates the preparatio t he os hi noal cursor conpound,

Ar 2PCH2C( &H) [o Waghh frged;foriiodfg‘ﬂg, e W@ﬁﬁﬁvteﬁ ﬁb\g’éf?" el stirring

?%UH_ ;)n ofI ¥ord {12 I$<§7tirsl ahd filteredt THe) sAlidiproduettviaswashed dithgyaten dL y ether
coo exanes

(Al drich; %tth%f?l %Rﬁtdéig%iﬁ?a%qﬁg%% g'@‘%‘%%%ﬁé?%%f’”‘tgg@ 8bs}°pr epared as

descri bed | n Raj anBabu et al., J. OEXKAMRER7 1999, 64, 3429) was added

drop-w se, at vi goﬂﬁé’éxérkpf n'llﬂ&raté?thé l‘UT?rcr){aﬁgHg? Ir%brﬁﬁlbg%é %f‘th%f the

dilithiated derivative ter stirring the m xture was
al | oned 18 wdrvgnilophavingthedopimWaher at ure and 20 then sti rred at room

tenperature Q)’G\Vd!bﬁ\@lalafébﬂ\ﬁmWQWeslrMﬁfnﬁ! 1118 MdRAuckad €o
Di chl or onet hane and tl‘Tl&l roa et1c aci vvere added to

the residue. t' mg gel, dichl oronet hane) of the
m xture, foll ovved 1me gmafehproeedm@rwas mlcambmevaadlmhlnrd#b;ldgngmnhiemd

Ar 2PCH2 | cd f
Cr16l—l3Flg(ODCH) &%@&gé\je}éﬁqﬁd @@P'@Eﬂﬂ*‘ﬁﬁéﬁe@ﬁs@bhgwﬁﬂﬁka@ NVR ?E:DZCI 2,
20 O, 5153, Tofepound, (1CHA)5 equigs per In),sl,2-dighloroethanel®CENR12oncerd 20 )
6: -77.8

-7 = 20 v, Ok SRS N (0 bogse) dhy & Back I TBRIA, 201
6: -57.6 (m sofids Emm andrihes f@& jtianal|0.5rded apu,@ t He podysts Waref

di chl oro-bri qgagted mb@ﬁfredOinSalr cmé Brgirid Ia@bewabrsegafméexmerea he Ir

conpl exes mere e reacti d the
cor r espondi ngh @pugf)yq ﬁ??rt&i{'ﬁé thp%ﬂQu@B@ée‘g"OéeBtvﬁm%lt%Q%g ‘he nethod is
sK i il a[< Qg tﬁéreiatlnlhmtactfuheses)dmmhrhexénes Pesubtedriy lcppstaltization((3e3 bse, S. ;

I ng, ; 106
6647-53; Gar é@gﬁeﬁﬁgg pr g‘f{fcié"h'%éxé ‘Seﬁstaﬂ%d "g?sr‘e?‘}"tﬁggl’”es%%m oqrPe?’gss 7
3464-71.). A unider yaeuwn. IX-Gy3anaysis of three complexes (2-b, 2-g, j, and 2-u)

indicated trans arrangement of the nitrogen atoms. 'P NMR = ¥'P-{'H}
NMR.

25
Compound 2-a (Table 2)

A mixture of the dichloro-bridged dinuclear bis-cyclometallated Ir complex
made with phenylpyridine compound 1-ab from Example 1 (150 mg),
phosphinoalkanol PO-1H from Example 2 (100 mg), DCE (3 mL), and 10%

30 NaOH (1 mL) was vigorously stirred under reflux (N2) for 1 h. The yellow
organic layer (blue photoluminescent) was separated and filtered through
a short silica plug. The aqueous layer was extracted with dichloromethane
and passed through the same plug. The combined organic solutions were
reduced in volume to 1-2 mL and treated with hexanes (10 mL,;

35 portionwise). The lemon-yellow crystals were separated, washed with
hexanes (3 x 5 mL), and dried under vacuum. Yield: 0.22 g (97%). Anal.
Calcd for C4oHagF 1gN2IrOP-C2H4Clo, %: C, 47.4; H, 3.0; N, 2.6. Found, %:
C,47.5; H, 3.1; N, 2.5. 'HNMR (CD,Cl,, 20 °C), 5: 2.5 (s, 3H, CH3); 2.51
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WO 03/ 069961 PCT/ US03/ 04149 arylpyridine (2.2 - 2.8 equivalents per Ir),
2- et hoxyet hanol (ca. 30 nL per 1 g of I1rd 3nH20O, and water (ca. 5 niL per
30 nL of weoeshewyet hanol) was vigorously stirred under reCirmwsof/daye f or

4-10 hours. After cooling to room tenperature, conc. HC (3 nL per 1 g
| rC 3nH20) wds, addEdtls); a318 (dtheli FilBtAUHE, has =41 HzedH, GHAD3.6i(dd, Jine mi xt ure

was dil uted vuqﬁ %ﬁp.[ﬁe ur‘q.qiz 1f}.prC|423I23rgo§r §olvéﬁij£HJ§3e9r 8% (n{haqsol i d

product was was Phat e vacuum The

POt N R M £ Y IR M T O E e e
formation of 6T/'c§ﬁ13f3|H ex&H WY, 7tdhem, 21, amm‘m)mn (hawrnmrbm-lfqr

e 2l BV R SH ke 5 @ﬂﬁ%f’”fﬁ%f%&fo Ti’daer?fa conti ne a
di chl oro-bri dg)edi 3I(d1uld-ll earom H); 8.7 ya,| thiredrahi H).€aF NMRJGR),E%, 206@) Bxanpl e 6,
(o 5 A %?1%?3%%&”&%?53&6"@9? 15 ity P BI04 8 R e
refl ux (N2) u ,|arom IF) tﬂl’ dm, dFstmé Arld.Q tren1F caroult). T BMNMRO. 5- 1. 5

hours. The er@b! sifpbaged and purified in air. The organic |ayer
was separate ere throug‘%ﬁ)ea short silica gel plug, and reduced in

vol ume td%0.5-2 n1_ 20 Treatnent of the residue with hexanes resulted in
crystal li zat i ©@ombdusd [2}b ¢Tablé 2¢ desired product which was separated, washed

ith h d dri | |
(20, g oA Mk bFthe AP RIG hinkele piEckieined  ritig
Stoms. 315 NNRade ith-ghigdylpyritiRe @'ﬁnmlmmﬂ)mnd?ﬁom Exaipée 2)200 mgbture of t he
I C or o-pri

phenyl pyri dlﬂ gﬂ‘%ﬁlﬁ%ﬁ P? ?ﬁg%@g%p lé?(??g(sﬁ %osgagnoa kanol
PO-1 H frlédm aNa@bi L] wae vigproushystigred mnder eaftux1(bks tow 28a0in. (T her) was

vi gor ousl y styé"bqpo,@aﬁ%nay&f(bmé ;srﬁ\&blufnﬂheécéht) whs sé?bﬂa@éﬂ aféd gﬂgtégr ![ agelrl o

(bl ue photol cén par |'tered

g ot IBHAHioh 5 phort lea SUG. aLhe AHPOS AYER NEs SHUBRISEWIR g oass o

t hrough the sdicoprmethahbandpdsseddhughrthe sanieplugnihw&nbmeducedTlh n
e

oo L0, 1 B R e I NS 18, (2 AR RSN T
dri ed un@ér Viexames (Y0 ehld:podticavige). 9VH& Iemyellov@arysmm overe separated,
SRS Eaptiod G it o) i indcodf 0047 5
(97%). Anal. Calcd for C44 24F22N2IrOP, A> 'C,42.7;H 2.3.
Found, %: C, 42.5; H, 1.9; N, 2.3. "H NMR (CD,Cl,, 20 °C), &: 2.5 (s, 3H,
CHa); 2.51 (s, 3H, CH3); 3.1 (dd, Ju.x = 16.2 Hz, Jup = 8.3 Hz, 1H, CHy);
25 3.8(dd, Jyun=16.2 Hz, Jup = 12.5 Hz, 1H, CHy); 5.4 (m, 1H, arom H); 6.1
(m, 1H, arom H); 6.6 (m, 2H, arom H); 6.7 (m, 1H, arom H); 6.9 (m, 1H,
arom H); 7.25 (m, 2H, arom H); 7.7 (s, 1H, arom H); 8.1 (m, 5H, arom H);
8.25 (m, 1H, arom H); 8.7 (d, 1H, arom H). '°F NMR (CD,Cl,, 20 °C), &: -
63.8 (s, 6F, arom CF3); -64.1 (s, 6F, arom CF3); -75.0 (m, 3F, HOCCF3); -
30  79.1 (m, 3F, HOCCF3); -107.6 (m, 1F, arom F); -108.1 (m, 1F, arom F); -
109.7 (m, 2F, arom F). 3'P NMR (CD,Cl,, 20 °C), &: 14.6 (s). The
structure was confirmed by X-ray analysis.

Compound 2-c (Table 2)

35 A mixture of the dichloro-bridged dinuclear bis-cyclometallated Ir complex
made with phenylpyridine compound 1-ah from Example 1 (200 mg),
phosphinoalkanol PO-1H from Example 2 (150 mg), DCE (5 mL), and 10%
NaOH (1 mL) was vigorously stirred under reflux (N2) for 0.5 h. The yellow
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3 WD 03/ 069961 PCT/ US03/04149 (s, 3H, CH3); 3.0 (dd, JHH = 16.2 Hz, JHP
9.1 , 1 H CH); 3.6 (dd, JHH = 16. 2 Hz, JH P =12.1 Hz, 1 H CH2);
.8 (s, swbwene99erHAC12), 5.5 (m 1 H aromH); 6.1 (m PCHUSas/omH); 6.5
m 2H, aromH); 6.65 (m 1 H aromH); 6.7 (m 3H aromH; 7.0 (m 2H,
rom H); 7.1 dqrganithayerr(blueH)hotdluminesceht)dvbs aepanatéd aid filtéred tAkgughr om H) ;

i arom by TR HiCERS oG dapbileyed wal siattegiuith dibfbbbinghg (5. *
CF3); -109. 2 an¢ passeddheaugh) the_seote plugm The gomeingeharyanic sotutipnswere £, ar om

F); -111. 0 (rfeddcdd ir¥dldmelto B2 nil AR trebfdPiitd hexlnés (1BmL10. 2 (s). 10
Compound 2-b (Tabl e Zi_ fhm Xt ureﬁgf thes[tfﬂl chl oro-bri dged di n ar

l
bi st oycl et Aoriensel. Thsiemon-vellow cystals WeiR separatarwaskeBithia 1-ab from
Exanpl e 1 (20xamgs (3 R avchtled ahd&iQradduin. oXfigicka0R0 @ 4027 Amal) , DCE (6

m), d 10% ' . ' | 2) f 25
T The yel (B B eayaROPL IO A KR BRI b Sind %l dnel and
L@ I :ﬂer ed E Erl'dxuigﬁ; N, Qlﬁor'tPLNMRcf@DﬁCEgZO (5 Sac(iltﬂﬁ)(dd,l-la.)q@r 162 I-gxthn-a@t ed with
i chl or ome u oﬂptq; ani
sol uti ons weﬁg;?rkgzgﬂgggﬁ?ﬁ’ 3?“9@@%'5'@2%?3&8%@% W't ﬂ?osﬁg@g’nesc(lo
rr]rL; port i(1@nvm' H‘b);girrh'é);lﬁaﬂrémﬂél, aeamdi)y 8t5aira, Jtdraroge i GOLm, 8HaREeRd Wi t h
exanes (3 X 1. 7lg magd, 8drf#)UNTaL MR@tem HY 17T @ (L0 4%mem HPBAs dnal -
AR Lot it e e i A B
?83)2 ; H:Z% 1\]&131);3%_1«1?#{ wogcrzlzzoselg,!%z =7530(?qn1,-|3F, SFlsl); -zet@)(m,z&,zzf&);(dd,l ‘,LHH =
ar om H) . 6.6 1(0;%61%?3 15‘?%?8}@?:) 'gﬁgz(@‘@%@rl@m'@gwfmg@nlﬁ()m ar om H) ;
7.25 (m 13H, 08 1F7aroni ). PINMR (6029)z 28.°C)( & 1GH(Shrom H);  8.25 (m
1 H aromH; 8.7 (d, 1 H aromH. 19F NWR (CD2C1 2, 20 ¢, 8. - 63.8 (s,

6F, aromCF3); -64.1 (s, 6F, aromCF3); -75.0 (m 3F, HOCCF3); 30 79.1 (m
3F, HG)CFB);C ognd 2id (Table omF); -108.1 (m 1 F, aromF); - 109.7 (m

2F, f ar omd F%)- A)B( itubéVbr ’ff'@@_@h@ro-Bﬂd@dddg\Ucféé_rr 6i5<>|¢@90|orﬁéfaua€éc{ Webhgtexvas
T A N L
phenyl pyr0di nrhosp hineatkanbd! RIO-2HronExapipde 3 (4 Qowgr)(?DCE (6 o) hamb 40%&anol
PO 5, H17 oM I 4 R oSk e M) b T s
yellow organic layer (blue photoluminescent) was separated and filtered
through a short silica plug. The aqueous layer was extracted with
dichloromethane and passed through the same plug. The combined
25  organic solutions were reduced in volume to 1-2 mL and treated with
hexanes (5 mL). The lemon-yellow needle-shaped crystals were
separated, washed with hexanes (3 x 5 mL), and dried under vacuum.
Yield: 0.255 g (85%). Anal. Calcd for C4oHoF 22N2IrOP, %: C, 41.7; H, 1.7,
N, 2.3. Found, %: C, 41.7; H, 1.2; N, 2.4. 'H NMR (CD.Cl,, 20 °C), &: 3.1
30  (dd, Jy.n = 16. 6 Hz, Jyp = 8.3 Hz, 1H, CH); 3.8 (dd, Jy-« = 16.6 Hz, Ju.p =
12.4 Hz, 1H, CHy); 5.45 (m, 1H, arom H); 6.15 (m, 1H, arom H); 6.6 (m,
2H, arom H); 6.9 (t, 1H, arom H); 7.0 (t, 1H, arom H); 7.25 (d, 2H, arom
H); 7.7 (m, 2H, arom H); 7.9 (t, 1H, arom H); 8.1 (m, 2H, arom H); 8.2 (d,
1H, arom H); 8.25 (d, 1H, arom H); 8.4 (dd, 2H, arom H); 8.9 (d, 1H, arom
35  H). ""F NMR (CD,Cly, 20 °C), &: -63.7 (s, 6F, arom CF3); -64.0 (s, 6F, arom
CF3); -75.0 (m, 3F, HOCCF3); -79.1 (m, 3F, HOCCF3); -106.9 (m, 1F, arom
F); -107.4 (m, 1F, arom F); -109.5 (m, 2F, arom F). *'P NMR (CD.Cl,, 20
°C), 5: 14.6 (s).
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24 WO 03/069961 PCT/ US03/ 04149 organic |ayer (blue photol um nescent) was
separated and filtered through a short silica plug. The aqueous | ayer was
extract edwvoioshexdschl or onet hane and passed through t he samreTpiSogo41dhe
conbi ned organic solutions were reduced in volune to 1-2 nL and treated
wi th hexanes (10 nL; 5 portionw se). The | enon-yellow crystals were
separ at ed, VS M\M 9 (3 x 5 nL), and dried under vacuum Yield:
029g(94% C38H24F, ON21rOP, % C, 48.7; H, 2.6; N, 3.0.
Found, % C, Asmixture pf the dichlnro- brmedldmuma( CBzwciom@talle:;ed l6 compiex (dd,

i;*? ;|Z161 a,ﬁz&%mhgpne y%udl%cd’m;!fburﬂ"%la frofh EQQmpiE'H (ki ﬂr%)z Hz, gH(E] =

H
2H, arom B); pflogp%'lmoagqqnoji %?Hafsom E?(rg%? ﬁg "ﬁg)oﬁQ-'I‘; '7“'—3 rRd 1 /‘H arom
gl) 5 (7d7 ? I(-lt ,NdOH, (1ampyrw& vigbragsly etirred uhdearefiuxkiN,) for 8.8 Hd . The yallow 0m H;
. , a

75.0 (m 3F°r9§3’fkg3lef§bg‘ °té'|'i'w‘ ipgScet) ‘b%%éé'@gg’(a%ﬁi'g&ﬁgﬁéﬁé%gw 109. 2
(m 1 F, arora$hort sili¢® pfug. nT hd afuecusolaye) was extractedowigimdichioromethar® . 31P
NVR (CD2Cl 2, f th
di chl(oro br| fglgjﬁdgsr?gct rgﬁllbtlhg)sca{/r(': I@OW}% &rﬂbﬁé@@rﬁp@tb s’%ldf‘oﬁ&'dvé‘reo the
phenyl pydQdi r\'@d@@ﬁﬁatﬁu\r‘ﬁiumﬁéﬁ er 8ra MkAnsl seated with hexanesdSgnbsphi noal kanol
PO-2H from Bb’ﬁmérﬂuée {.19Re W@%on@@lﬁ)\ki ls viste sb%%ratéa%éﬁedm}thwas

CPonouotY o Heags (A0S ks, aud Ae LndShyecu oyisk 0. BB AR <l VST
|tolhlrJgu Eh?hgqmw fdne@@HggﬁagNgr@mmcemmu ¥: Qi 4®I80H)QEI M@?a%updszgdl )
Vol e o 1- Fone. AR H. 207 8758 nANER (RR: 3P0 5 0B B S 1
gsfggehﬁggpe& Idzxdﬁ |al=$3 Ntz 1H; €d) 3. (66 (ddahhed 1\ﬁ 2 Hﬂndnamraﬂ T 3Hz 15, r271l_\|)21r ?;d
% C 417 (09 3:8(s gsyggt T8l é‘émj%lm ﬁ@g"{ ﬁ\o*p%%c@z

(CD2C1 2, 20 G4 (m 381, arow Had,5 (w - 311 -arom Hy B 17, (myHHp asom. H); 79 (n, H, CHZ)
3.8 (dd, JH W é‘r@n@H)‘*ZBS & ﬂ-|—aroi1n?H5*drb dh#;ar@ﬁ?)—i) 15F%M ljﬁ& arom H;

Tt

VI o 120G 2 815, o CF. %5‘(72? A 2amiERy 7860 3P, ar om

”1H arom

H,; 8.1 ¢t;m mawwm 3B, CF¢)d, P NMR (OD0IAR0 °8)25: 1016 (8). H, aromH; 8.4
(dd, 2H, aromH): 8.9 (d, 1 H arom 35 Hy. 19F NVR (CD2CI2, 20 C), 8:
-63.7 (s, 6F, aromCF3); -64.0 (s, 6F, aromCF3); -75.0 (m 3F, HOCCF3);
-79.1 (m 3F.Cowpomad 2-f(able®Xm 1 F, arom F); -107.4 (m 1 F, aromF):

-109.5 (M 2R ndktare b1 theddichloP8YBridded inticledP biseyciSmefhafed F tomplex
made with phenylpyridine compound 1-ac from Example 1 (350 mg),

25 phosphinoalkanol PO-1H from Example 2 (205 mg), DCE (4 mL), and 10%
NaOH (1 mL) was vigorously stirred under reflux (N) for 30 min. The
reaction mixture was extracted with dichloromethane and the combined
organic extracts were filtered through a short silica gel plug, then reduced
in volume to ca. 1 mL and treated with hexanes (10 mL). After 1 h the

30 pale greenish-yellow crystals (blue-photoluminescent) were separated,
washed with hexanes, and dried under vacuum. Yield: 0.44 g (90%).
Anal. Calcd for C44H2sF 1sN2IrOP, %: C, 45.3; H, 2.4; N, 2.4. Found, %: C,
45.0; H, 2.2; N, 2.3. "H NMR (CD,Cl,, 20 °C), 8: 2.35 (s, 3H, CHa3); 2.5 (s,
3H, CH3); 2.9 (dd, JH-H =16.5 HZ, JH-p =10.2 HZ, 1H, CHz); 3.3 (dd, JH-H =

35 16.5 Hz, Jy.p = 12.1 Hz, 1H, CHy); 6.5 (d, 1H, arom H); 6.7 (m, 2H, arom
H); 6.8 (d, 1H, arom H); 7.0 (m, 2H, arom H); 7.2 (m, 4H, arom H); 7.4 (m,
2H, arom H); 7.5 (m, 1H, arom H); 7.6 (s, 1H, arom H); 7.75 (s, 1H, arom
H); 7.9 (d, 2H, arom H); 8.2 (m, 2H, arom H); 8.65 (d, 1H, arom H). '°F
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25 WD 03/ 069961 PCT/ US03/ 04149 Conpound 2-e (Table 2) A m xture of the

di chl oro-bri dged di nucl ear bis-cyclonetallated Ir conplex nade with

phenyl pyrwaiosseoenpound 1-ag from Exanple 1 (110 ng), 5 plrosalsosieakkanol
PO-1 HfromExanple 2 (85 ng), DCE (3 nL), and 10% NaCH (1 nlL) was

vi gor ousl y stNMRe@Dude20r%3)| bx-58M\R]s, 361, atord GF.3);758.8/(d, I3bwaramdefri)ic- | ayer
(bl ue phot ol e odgh rt silica
pl ug. The aqﬁoﬂgéf%ma)m%':@k%@gggsp\;nré?%%déﬁﬁ 9. mhgﬁeHo’vb dlhzgassed

t hr ough t he 4h2 (ml &b, H@@EﬁrrblﬁétMBr(Q&nC& 38I°G1),|§)r1§ 4¥s)e 10 reduced in

volume to ca. 0.5 nL and treated with hexanes (5 nlL; portionw se). The

| emron-yel | ow crystal s _were separated, washed with hexanes (3 x 5n), and
dried undér &WM g (99% . Anal. Calcd for

340§2$F12N2| rmkta@bﬂﬂe?dlc%r&bng@e@dmﬁcle&rBls Mcl&nétallﬁfdmnl,con%le)c 46. 4;

2 20 C 15 2 Hz
JHP = 8.7 Hnage W'tw CPPX”@BTG(%‘H“F’%WQ% 2t (Egr?méﬁﬂmoﬁ )
CH2); 3.8 (s pfmsbhmm’all@tHnBCQZH feom Example B,(180 ong)HPCE (Hmh and (1]9% arom
, 7.4 ;
'(")m 5, gp]om{?Ha@oi“H%wa% \ﬁp&‘@us tirf dou’%d@( relei)Z g_r?fz')“forj“lé"ﬁilﬁr TQE
(CD2Cl 2, 1020 repctian W>6QTG4W@§ extractesiwith dichloromgthane(and the camb neszs) -75.1

(m 3F, 20 CFé’r?an|c@trgcfsmve%"_fllté?53)thro§él?a'%a(@?c@h%nZ@Ieﬁ)redﬁcedﬁr 6 (s).
Compound 2-f ( m xtu t.he di nucl

abl hl
bi s- cycl onet d‘IQ‘é{PESOP% é@rﬂl‘-é’lpde%%@dw?ﬂl‘c Orlo(|35 n ecBﬁJﬁ '8 l-ac from
Exanmpl e 1 ( 34diystals. (bRiz-photohiminestdripwerdseparatdd, washedwitreh@xdridd5(3mg) , DCE

% nin The ¥ igz;l?faaﬂd el a4 3atLaf; Hiotogoid (€AY, Caledor 0D o
conbi ned 150r géaHmFeWﬂ&E’s%zvé} 08 1; 1 H et édNt 8100 Urepund, Shidet 4@t Hcé ZJEN pl ug,

t hen reduced my aond xae Af ter
1 h the 30 pa ; gdeenl ﬁ?&fﬁg%g ?n;?g gm%( o)tglgl53§1 %‘gsgg(ﬁf‘% Were
vddh

separ at ed, H i t6h6 & dress 9&rdz.dtH, deadusir @Y|66|T|€l HP. 34 g
(90% . Anal. 1209|H:zd1i—prcrg§464%8(61$H2&fdﬂ?HéL/%8Qd 48, arorﬁH%)sz %d\IQHZ 4. Found

2 5 (s, " a7 8t rnin A hA 6 S e 785, T ) Cr) b 3

(dd, ZJH Ho= 32591@; BH-laronﬂll'H-l)PSﬂ (s2.2H, dromHy; 8GHR), 11 Hj avorficH); Br6 (carmn H; 6.7
gip]om Ilz:) . ar7d£1n ’gMﬁl@fb @2’ ﬁri)), ?715?% é\?%r#:l_{afgrg'og‘:i) ,60 1 Ef ( zTr oﬁ1Hi—|) .
7.75 (s, 1 H,3Fa,ramm (H;'g) BD1(sl, 3F2I-aromr®Fﬂ)|‘BQ3 B (L Afmarard, CEj)ofﬁw {s,8. 65 (d,
1 H aromH) gl 948CF,); -64.2 (s, 6F, arom CFs); -73.0 (m, 3F, HOCCF3); -79.7 (m,
3F, HOCCF3). ¥IP NMR (CD4Cl, 20 °C), &: 13.7 (s). The structure was
25 confirmed by X-ray analysis.

Compound 2-h (Table 2)
A mixture of the dichloro-bridged dinuclear bis-cyclometallated Ir complex
made with phenylpyridine compound 1-ad from Example 1 (430 mg),

30 phosphinoalkanol PO-1H from Example 2 (310 mg), DCE (10 mL), and
10% NaOH (1 mL) was vigorously stirred under reflux (Nz) for 1 h. The
yellow organic layer (blue photoluminescent) was separated and filtered
through a short silica plug. The aqueous layer was extracted with
dichloromethane and passed through the same plug. The combined

35 organic solutions were reduced in volume to 1-2 mL and treated with
hexanes (10 mL; portionwise). The lemon-yellow crystals were separated,
recrystallized from boiling toluene, washed with hexanes (3 x 5 mL), and
dried under vacuum. Yield: 0.45 g (65%). Anal. Calcd for
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WO 03/ 069961 PCT/ US03/ 04149 NWMR (CD2CI2, 20 C), 8: -58.2 (s, 3F, arom
CF3); -59.8 (s, 3F, aromCF3); - 62.7 (s, 3F, aromCF3); -63.0 (s, 3F, arom
CF3); -73wWbogrp998F, HOCCF3); - 79.2 (m 3F, HOCCF3). 31P RERUSCDeas®, 20
C, 6: 11.4 (s). 5 Conpound 2-g (Table 2) A m xture of the dichloro-bridged
di nucl ear bi GCeledFeshlDP §t:ddoluenecoitate), %re@cddt H, BHeN;I207.r Fdung, conpound
1-ac from Exapphke ( ph n r e 3 (190
). O (5 M) 4 Lok PG {oTMR KRS %%3“15 GG

sly der reflux

(N2) for 15 A2 (s, kb Qlds) dcts, §ﬁ|VﬁﬂthHQ!1&)\a%od dr o eoﬂaA?tH”Z died 80omet hane
colum. ¢ ﬁgﬁ'ﬁfﬂﬁcgjﬂﬁmwdﬁﬁwwmf @{n\‘terﬁ'ﬁwwgmﬁ PO anes (10
nL). The p eaf;equ@S\/\H) rcbr%'inaqge@fﬂ'ﬂg%pﬁét %r@@%ﬁgaé \‘nge %Cﬁé?@t ed,
washed Wlth Vrg egm(2H, arom H)) 7. za(ndmlafdmaﬂ)jé’rs(mpeunarowa)dso% 30 g

Found o6 C. (o1 aghh 894@5235?»3% oA b APy Bes € 18 2 s oy
CH3): 2.55 (saroBi—H) éﬁenma (69,Ch, eaac)mwa(m:f IGF 3),HA9 BB, Hz, 1 H,

%*?)6 g 6 (dch“}H1'd9'5 g@lﬂ)Pﬂé% (o, a?od?‘FC'%H i?rﬂ61(:daro1’n M arom
(m 3H awomﬁép 11, &(rns1F;Laqum Ml?z(ﬁﬁzgl)z(m @H(B Alonish) : 8.1 (’s 2H,

aromH); 8.2 (s 1 H aromH) 86(d 1 H aromH). 19F NI\/R(CDZCIZ, 20
0, S -58.3 roil*n ; -60.1 (s, 3F, aromCF3); -63.1 (s, 3F,

arom CF3); - CF3); -63.9 (s, 6F, aromCF3); -64.2 (s, 6F,
arom CF3); - 7A3rr9xt(lf§ oﬁtlﬁe Wbrndga@dﬁubmar bRFcydtépaeaRateddit BoidgRx CD2CI 2,

20 C S 13.7 UGt I

Conpound 2 h TadE M HReRY Bl CorfBund 3R EREmile.d i oy ™'

bi s- cycl dfet giHospbihobikanohBOe2H froma &xampte Bh&4Q mg),i RCE«Baokpandd 1-ad from
Ex le 1 (4 DCE
(18m:)rr1_;a (d%lwq%%-ﬂ (33\}9%;‘\,\/@%}\“ o%ttl)u 9n§%r{¢e?[e]§@@%?8tr“?rtﬁ (?ﬁi'ﬁ( ﬁgg for
1 h. The yelThavealloyaiganicalayer (thy rB'FGﬁ?@fé)sW@ﬁtsﬁpﬁé%teQ@ﬁ rated and
filtered thrpeaedd throligh b shiort difcadb g Tﬁbfaq%%ﬁglﬁyﬁlr{&v&éemt@thﬁCt ed with

O O N gtagealhane b Roaaod $roogh 15 sy THEMBRGS, oo 2201 ©
m.; port i2_onvmcsgamlc“éb&moaswemefbldo«zed;nmlmhe to L seabtreated wnth_ecr ystallized
From oot |00 IBHE 10 11318k FoltHRERe gy ik K sdbehstdel e
washed with hexanes (3 x 5 mL), and dried under vacuum. Yield: 0.31g
(80%). Anal. Calcd for CqqH2sF22NoIrOP, %: C, 42.7; H, 1.9; N, 2.3.
Found, %: C, 42.5: H, 1.4; N, 2.4. '"H NMR (CD,Cl,, 20 °C), &: 1.9 (s, 3H,
25 CHa); 2.2 (s, 3H, CH3); 3.1 (dd, Ju.n = 16.2 Hz, Ju.p = 8.7 Hz, 1H, CHy),
3.75 (dd, Jyx = 16. 2 Hz, Jup = 12.5 Hz, 1H, CHy); 5.4 (m, 1H, arom H);
6.1 (m, 1H, arom H); 6.6 (m, 2H, arom H); 7.2 (d, 2H, arom H); 7.5 (d, 1H,
arom H); 7.7 (m, 2H, arom H); 8.1 (m, 5H, arom H); 8.3 (dd, 1H, arom H),
8.7 (d, 1H, arom H). 'F NMR (CD.Cl,, 20 °C), &: -63.8 (s, 6F, arom CF3);
30 -63.9 (s, 6F, arom CF3); -75.0 (m, 3F, HOCCF3); -79.1 (m, 3F, HOCCF3); -
107.9 (m, 1F, arom F); -108.3 (m, 1F, arom F); -110.3 (m, 1F, arom F); -
110.6 (m, 1F, arom F). *'P NMR (CD.Cl,, 20 °C), 5: 14.6 (s).

Compound 2-j (Table 2)

35 A mixture of the dichloro-bridged dinuclear bis-cyclometallated Ir complex
made with phenylpyridine compound 1-k (340 mg) from Example 1,
phosphinoalkanol PO-1H from Example 2 (220 mg), DCE (5 mL), and 10%
NaOH (1 mL) was vigorously stirred under reflux (N2) for 20 min. The
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WO 03/ 069961 PCT/ US03/ 04149 CA7TH36F10N21rOP (1:1 tol uene solvate), % C,
53.4; H 3.4; N, 2.7. Found, % C, 53.2; H 3.1; N, 2.7. 1H NWR (CD2Cl 2,
20 C), 8:w0.09/0w¢1 3H, CH3); 2.2 (s, 3H, CH3); 2.4 (s, solrcentsos/elivene);
3.0 (dd, JHH=16.2 Hz, JHP =9.0 Hz, 1 H CH2); 3.6 (dd, JHH = 16.2
Hz, JH P = 1lelowzorganidlayedigreen phdtoluntinésdéntpwasséparabed abdifi Itérdd, arom

0 arom y; B slipd il b gB8Ns ool et with o 77 (™
aromH); 8.3 q@)lommethan@mnai)passeefohrpslghihmsan@rpdug H)Thexmmbuwd(chu 2, 20
O, 8 -75.0 {ghnidiol oﬁ)s,wer%QEQ &8 i ﬁ@lum@ﬁé)c]a_n Hfr’l?aﬁ% flaaéé? Fithar om F) ;

-110.2 (m_ 1 arom arom m 1F, arom
F). 31P NfR (hexgoes (1001 Th@ﬁlozf Q'k§°"d'f@%ﬁﬁaﬁnﬂ'twai'°('Téﬁb‘leeSOi')i WSy xt ur e

of the di chl geeryBtdlif@edrét MicHie®méthane-hekanes, aldshieadviti hesamds(d x Bade Wi th
D Pt AR i ™ RBRA $.45 6 9 v %EPS"“' bae
vi gorously stoantfladedrbgté(-ra)eémalysmsm)1 Hyarate with Bl,0i hydrogére bppdéd to thaganl c
aver (bl ue RhgkahuTuieshiBld "o NIRACH 7, 30c) 414 8188, J aualea shor

silica plug. The aqueo ghbt hane and

passed t APoudtz tdne = QrieHpl Ud Cfl"lab 3B (4, ved 20602 §izaide-rsol &ilildasibher e
reduced in V%ngstsp sZSmeﬁvdzmcﬁ@t 8k i 1H, MH 5563(91 AW, ardhtigy; 1 hour,

h | N d, 3

and dri od’ undof ( &éﬁﬂh@fom 6.7 Bh oAt o bl 0 W e g tm,  ° ™
53421H241152§32R121®P ,ardin 9); A2 ﬁ'u 3H, a&orﬁ(H IN7.52(rd. ZPEOamd; H%? \Z(rrﬂZl-gardJm 1)4 3N1
(dd, JHH = %% gﬁ ?—'*)Omg')v&ﬁz(s TH, d&hﬁﬁ 9923’7%“ 6'&’”‘?‘1# SN e,
\(Jm PZa 1§rsgmfeﬁD2CIzHZOE382))8 -638 (bmm, 13FF-,I,ara1rncﬁ3er)|) :63.5(, I?(ﬁna;gml—CF@)r?m I-|)2|_| 6.6
aromH); 8.1 ﬁf)(éH%F éFﬂf::zsgéPrg‘ ?LH16§0(J“ %F a?@%gi 10875|_[n ?rom H) .
19F NMR ( CD2AR2 arom k) ° BNMBC«}(QD 2@#’ )adotR-26S) : 30 - 63 9 (s, 6F, arom
CF3); -75.0 (m 3F, HOCCF3); -79. (m 3F, HOCCF3); - 107.9 (m 1 F, arom

E); -108. 3 ( 1 F, aro gbl 5 10.3 (m 1 F, aromF); - 110.6 (m 1F, arom
). 31P NWR (@MM 14.6 (s). Conpound 2-0 (Table 2) 35 A
i >O<It ur et %b th Z‘ﬁ ndkmt’s% 81; tr?:tmclﬁtggﬁlggagwbmu&r biscoypiometalibteat ke dohpleonpl ex
gﬁogp\m nankam%?gé@hl r]qnfyﬁ)gﬁe@?amgc"f@iﬁ% Ex%@g‘zxg%(?n@nd 10% NaOH
(1 m) was viplmsphiioalksniol PEd1Hfoem Example 2((R25 nigyy DRE (b mL)Tard 20%N0
03/069961 PCTN&@QIS@%F:)A'\%S vigorously stirred under reflux (N2) for 2 h. The yellow
organic layer (blue photoluminescent) was separated and filtered through
25 ashort silica plug. The aqueous layer was extracted with dichloromethane
and passed through the same plug. The combined organic solutions were
evaporated to dryness and treated with hexanes (10 mL). The yellow oil
(blue-photoluminescent) dissolved upon heating the mixture after a few
hours at room temperature yellow solid formed. The product was washed
30 with hexanes (3 x 5 mL), and dried under vacuum. Yield: 0.22 g (50%).
Anal. Calcd for C4gHaoF10N2IrOP, %: C, 52.6; H, 3.8; N, 2.7. Found, %: C,
53.5; H, 3.8; N, 2.8. "H NMR (CD.Cly, 20 °C), 8: 2.5 (s, 3H, CHs); 2.51 (s,
3H, CHa3); 3.0 (dd, Ju.n = 16.2 Hz, Jup = 9.1 Hz, 1H, CHy); 3.6 (dd, Ju.x =
16. 2 Hz, Ju.p = 12.1 Hz, 1H, CHy); 3.8 (s, solvent C;H4Cly), 5.5 (m, 1H,
35 arom H); 6.1 (m, 1H, arom H); 6.5 (m, 2H, arom H); 6.65 (m, 1H, arom H);
6.7 (m, 3H, arom H); 7.0 (m, 2H, arom H); 7.1 (m, 1H, arom H); 7.4 (m,
3H, arom H); 7.6 (m, 3H, arom H); 8.0 (s, 1H, arom H); 8.2 (s, 1H, arom
H); 8.3 (d, 1H, arom H); 8.7 (d, 1H, arom H). "°F NMR (CDCly, 20 °C), &: -
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yel |l ow organi c | ayer (green photol um nescent) was separated and filtered
through a short silica plug. The aqueous | ayer was extracted with

di chl or orwDlane9and passed t hrough the sane plug. The conipcmasos/erigani c
solutions were reduced in volume to ca. 1 nL and treated with 5 hexanes (10
m.). The yel IZ500¢m, 3§0CH); F72.0 (npdilF 1GH4);u188i30(m, Thareml k)l - W0 (m,

talli f 3 5
ecr a1 2o g ) S o7 TR AR 1285 MSRe i B P (3
confirmed by (@2@2 &QaﬂG)sﬁsﬂ{Z(S) hydrate w th H2O hydrogen- bonded to the O

atom of the corrplex) 1H NNR(CDZCIZ 20 O, 6: 3.0 (dd, JHH = 16.6 10 Hz,
JH—P—91Hz CHZ) (dd, JHH = 16.2 Hz, JHP = 12.1 Hz, 1 H

cH2): 3.8 (s_gmmaaﬂ_dﬂaﬁ@g) 55(m 1 H aromH: 5.6 (m 1 H aromH):
?H4 (m 1H)H @hgmgza oéﬂﬁ}&d:élﬁllbrrcﬂ@b’nd @:rgddblezaﬂb% éyblorﬂliqé’talléféfm{'%b;nm He)éL (m
arom apom arom
. 8.0 Fpade with RienypyEd) compo QtalromyE3 éll(? [ . 19F NMWR
[?5 (CD2CI(2], 2¥hdSphirialkatidl BO-bH fmmm,anwqu(@se)mg;(‘e BEE (4 mL)sﬁad afJ%m CF3) ;
- 75.5 3 : . -108.5
| F, aroﬁan) @ESEN%L{@B% ro@%y&@zéé unjdépgef% (Wz r1gﬂﬁgfn2 k Tabl e 2§m
20 A ni xtl0r e ysllowerganisHaysrdblue-argen mqtdyné@@sqenﬁ vaqs:smaéﬁd aAR_d |r

conpl ex nademt@ré@tma@%bﬂa@rfdndsur& ﬁl@ﬂpqlﬁédaqhe'dusflé Wt sctdd Wih0 no) ,
phosphi noal ka in and 10% NaOH

(2 ) was  ihlBtamsthane Ad pasaathioseh dS SRBTE RIgS. J‘\ﬁc T
organi ¢ |ayerorgbhn%dwtmlw&rera@@erétbdmwsﬁam atembdaw&hfhdxtaaee@t hrough 25

2nd passed ¢ HMbhGHeRE L sh SPtiRerabiE olffioRto TS Eow et ab B here
e\éﬁgce)f aL g?olt cgrdeyﬂ@olanmesceat)mmwashedme tie bexariesnd3) x 2 Thie), yledldm;d]?; {N
I(’IOUI’S gt roomd&%%?'g{]%}r 3'§@FPOW S F&%P Ahép@ IE om%’?ﬁ???%vé‘ﬁp hed 30
with hexanes Q348< 5HB)2: Narde2.d Fpead ued &6 W&suHJraOWeiZd bll‘é Ry (509 .

Anal . Cal cd feyp 0A2 E % C,
52615 N 58( 2@426%061) 84113@5’9%&)5?4(%%@4 2§(da JH 016192 501(8

3H, CH3): d"%d&leJ@%Z’l D 33%(%?%9*'1 ﬁz rJHPCH 1"{dd JHH
= 16. 22UZ GH%P@GME JIH'iérorih H; 6@'@% 28, QrdﬁH)SDDKﬁﬂBF%r&ﬁlH), 72.5(m 1

5 ot T it T PR SO S L

alr om
7.4 (E? 3H aomH))8.0 106 2Hmar@h, HaBehis) H, @ram(H); 83 ¢, Hidpanok) H)8. 2 (s, 1

y 0m 1  fEqdalhe h AL N0, 68 20°0), LA IR oA o ERGTRO 2
; -59.8 (s, 3F, arom CF3); -62.4 (s, 3F, arom CF3); -62.6 (s, 3F, arom CFy); -
25  73.2(m, 3F, aliph CF3); -79.2 (m, 3F, aliph CF3). *'P NMR (CD,Cl,, 20 °C),
5: 9.8 (s).

Compound 2-m (Table 2)
A mixture of the dichloro-bridged dinuclear bis-cyclometallated Ir complex
30 made with phenylpyridine compound 1-ad from Example 1 (150 mg),
phosphinoalkanol PO-3H from Example 4 (140 mg), DCE (5 mL), and 10%
NaOH (1 mL) was vigorously stirred under reflux (Ny) for 1 h 30 min. The
yellow organic layer (blue photoluminescent) was separated and filtered
through a short silica plug. The aqueous layer was extracted with
35 dichloromethane and passed through the same plug. The combined
organic solutions were reduced in volume to 2 mL and treated with
hexanes (10 mL). The pale-yellow crystals were recrystallized from
dichloromethane-hexanes, washed with hexanes (3 x 5§ mL), and dried
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75.0 (m 3F, CF3); -79.0 (m 3F, CF3); -109.3 (m 1 F, aromF); -110.0 (m
1F aromF); -110.7 (m 1 F, aromF); -111.3 (m 1 F, aromF). 31 P NW\R
(CD2CI 2, RO 0@pe996t 10.2 (s). 5 Conpound 2-1 (Table 2) A mpxrarses/ofi4d he

di chl oro- bri dged di nucl ear bis-cyclonetallated Ir conplex nmade with

g?}egﬂ ]E)yl’l di nmdeolvﬁouwm ¥ield: ﬂrZﬁrg B8%p| Anal. Calcd fog CeHaphetliORy ok anol
rom B g @ 60R 8, FBGR (o4 BLhg 200 A8 MACH (L) wes

vigorously stirre 0 yellow organic

layer (bl ue- ¢F&kklnREt Q)u% 1184&9311 )&H@)ﬂé’e@aﬁ% Edind 1 (80) drem Ed1&Br ough a
short silica Hpg ug., 3 bef ﬁguqqugHz;a)geg (RYL§E 18CH ¢, \am,ra: 12l onpret hane

cvaporat o8 1 25@59%‘& T, it i 4 AR ae e B St S o oo

t enper at ure qug2M,gitom H))é’ Y ed,| 2Hy aronsip| 757 (rln | 8El, &Porgt)e8-0ofmat tHum nescent)

e e e bR AE T T hB e T p R, ot MO NRAEB,CI 80 0 199

Found, % C, °C}, &;-68,9 (3, GF, ayora CF3); 164 MR, 3F COO 2:F32075:)0 (n5:3F,. 3 (s "9H,

G2 3.3 (ORI o W HIRERE 108D W%ﬁ*‘i& AE2 T o, 1

arom H) ; 8?(fﬁ'in Rki-141-8dms)1F, aramFy -13 émoﬂrhqro BH, arom H):

7.4 (m 4H C@%UI‘J)QO?’ §13.4 (&) aromH) 7.8 (s, 1H aromH); 8.0 (m
2H, arom H); 1 d’ rom(é-, 8.3 (m 1 H aromH,; 8.7 (d, 1 H arom
H) . 19F NWR (CD2CI2 20 O, 8: -58 4 (s, 3F, aromCF3); -59.8 (s, 3F, arom
CF3); -62.4 (&m@&un@&gﬂ@ 2)-62.6 (s, 3F, aromCF3); 25 73.2 (m 3F,

l'i ph 1.9. :
Compound 2. m FIHE by Mg qiEypBPaigEd nbEieR Bist et ErmuEa compie ©
]E)I S- cggdﬁ}sgahadﬁ whlphenylmrldme onpeih \‘V\nabrfr@nd:'nsﬂnweﬂd(ﬁ@errgbrrpouzg 1- ad

rom dgﬁ%

DCE (5 m_rrg:) f}](?g%ﬁ@ &-il P?@H*ﬁdv?\gg'xél oroga)%kgtl rregfﬁﬂ'gefmfg? ux Erlgl)Z)
for 1 h 30 niNgO Hr{959‘é4)|"‘@ﬁ‘69@{8H§ stigiggrunder eflishN2) fordhewr e hhg  was
separ at ed andeécthdremduré WaS egtracted Wit dighlorémetMang. anmeawmnédl ayer was

O W o AR G S B 3o S 2 e B B, %
hexanes Q00 ndoJumé&tie caal & meldndvireated wathshexanes(éonly)stEid paled/ellowm
S bosoer e AT B GRAel Mg il to2) 10
for C42H26F160 mlOPanddried under vacuum. Yield: 0.085 g (82° ). Anal. Calcd for
C42H26F 16N2IrOP, %: C, 45.8; H, 2.4; N, 2.5. Found, %: C, 46.4; H, 2.2; N,
2.3. "TH NMR (CD,Cl, 20 °C), &: 2.35 (s, 3H, CHs); 2.55 (s, 3H, CHa3); 2.95
25 (dd, Jy.n = 16.6 Hz, Jup = 9.5 Hz, 1H, CHy); 3.6 (dd, Jh.n = 16.6 HZ, Jy.p =
12.5 Hz, 1H, CHy); 6.6 (d, 1H, arom H); 6.8 (d, 1H, arom H); 7.2 (d, 2H,
arom H); 7.3 (s, 1H, arom H); 7.6 (m, 3H, arom H); 7.8 (s, 1H, arom H);
7.9 (m, 3H, arom H); 8.1 (s, 2H, arom H); 8.2 (s, 1H, arom H); 8.6 (d, 1H,
arom H). '°F NMR (CD,Cly, 20 °C), 8: -63.9 (s, 3F, arom CF3); -64.0 (s,
30  3F, arom CF3); -75.1 (m, 3F, HOCCF3); -78.8 (m, 3F, HOCCF3); *'P NMR
(CD2Cly, 20 °C), &: 12.7 (s).

Compound 2-o (Table 2)

A mixture of the dichloro-bridged dinuclear bis-cyclometallated Ir complex
35 made with phenylpyridine compound 1-al from Example 1 (170 mg),

phosphinoalkanol PO-1H from Example 2 (140 mg), DCE (3 mL), and 10%

NaOH (1 mL) was vigorously stirred under reflux (N2) for 20 min. The

yellow organic layer (green photoluminescent) was separated and filtered
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C, 45.8; H 2.4; N, 2.5. Found, % C, 45.2; H 2.2; N 2.4. 1H NWR (CD2C 2,
20 O, 6: 1.9 (s, 3H, CH3); 2.2 (s, 3H CH3); 3.1 (dd, JHH = 16.2 Hz,
JH P = 9.woHz/pesheH, CH2); 3.6 (dd, JHH = 16. 2 Hz, JH P 2CIasasiiaqo 1 H 5
CH2); 5.5 (m 1 H aromH,; 6.1 (m 1 H aromH,; 6.5 (m 2H aromH); 6.9
(m 2H, aromthjgugh & shdrt sitida plugnThe aqdedus Iayeﬁw,aseexmmctédwﬂho (m 1 H,

5 65,6 (s, SilortheaRgiark pbsid roul ndsaie g Thehtiel 5> 20 -
HCCCF3) - 79.@ganic muthn&ws)redug@mrevqlumeltorca Qr mLRInd trea@dzm(rm 1 F, 10
arom F); - 11%& h@b (40 L EHd?ﬂ&ro)lser Ifde JefdW ﬂysFaIsWé?@sEbara?éd P NMR

(CD2C1 2, 20 O, (Tabl mXpUT e t he

di chl or 0- Br i Wlﬁ@*‘@éﬁ %?&gsdp&w@ﬂ"glqr chr @SHB'ine 'ek‘SO @ with
ggengl er/g Im di r(ez%)rrmmgcancdbotf Cgamg,MOgPh/E@Q-lm) %: Cpfsqgtmhﬂ r@)el Nanol
vi gor ousl y E?gpggmﬂ'ﬂ e/o‘fﬁ%ﬁ' :f\lg) \Tg 3%‘1&'\'#9@%'%%@&9?# xture was
fex“aet Sdtw t(tldddm:hl—o‘rﬁaﬁﬂ*lzhdn@ =ai&(7 el H,doidp)n 8t (S)nglﬂHhijlBﬁc(iss wer e -
iltere r el co hen I \Y ca.

g&d—ﬁ’ ﬁéh g‘d@ J(Hzp 1B”r21t?1 B ?‘i"écﬁ‘ﬂ 1H! élq%)t@sﬁ'@ B,

nL and treat
(b1 oos phdbol etk def{s. S G505 uagmﬂwmnbxéh@gom)ﬁa s

?;ZSHSE;'F igNgggﬁ{ mcamm HF@GQm @Hoaﬁxﬁ H)8e%(rr&§sgﬁlaroﬁaH er(m 22 N
2.3. 1H NNR%@E?ZH 27C O‘ég H, gfory *é57’(>‘s(m3ﬁ1" )27/ %ém( é“" ?Fﬁmcﬁ%) 2.95
25 (dd, JH H&418, 15H|-Eron:il+)P86(8 $HHarord. Ht 8(21-(3)1H3aﬁ)r(1¢|{}, 8.5HdH1H,16. 6 Hz,

(0, 2 aroffn 1. SR (D o T o7 TR 3R MRy P80 B S 1

arom H); 157. BR,IHOGKFhrofNKIR (ED:Cls 2028), &) : 8.2 (s, 1 H, arom H)

8.6 (d, 1 H aromH). 19F NVR (CD2CI 2, 20 C, 8: -63.9 (s, 3F, arom CF3);
-64.0 (s, 30 3F, arom CF3 -75.1 (m 3F, HOCCF3): -78.8 (m 3F, HOCCF3);
31P NMR  ( CDZ2pmponnd & 7 (s). Conpound 2-0 (Table 2) A mixture of

t Egnd: chlr or 0 n/igm.salmeéi odtﬁéudabmeffor gﬂqé édairmmaalbh@émorhéténataa wr??noafﬂgﬁ& with
IF;O 1pr1¥r om EQQ&%U‘E?‘Z&(GIW yﬁ\j’ ne W?&ﬂm)a} ffﬁﬁagi%‘%@% M) was
vi gorousi29 stphosptiincatieanot £0- DM o Examiple (126 mghOCH €3 hb), anga0bc | ayer
b USo51 041 APOREGEEh abTagiBh9) Rl Splst s &y 28 20ty e
extracted wi tyellodi erigavicdayembivistagregragheialuminesegnt) was separatedignd The
combi ned filtered through a short silica plug. The aqueous layer was extracted with
dichloromethane and passed through the same plug. The combined
25 organic solutions were reduced in volume to ca. 0.5 mL and treated with
hexanes (4 mL). The yellow crystals were separated, washed with
hexanes (3 x 5 mL), and dried under vacuum. Yield: 0.18 g (85%). Anal.
Calcd for CagHaoF1gN2IrOsP, %: C, 43.9; H, 2.6; N, 2.2. Found, %: C, 43.8;
H, 2.1; N, 2.4. '"H NMR (CD4Cl, 20 °C), &: 3.1 (dd, Ju.n = 16.2 Hz, Ju.p =
30 9.1 Hz, 1H, CHy); 3.4 (s, 3H, CH30); 3.55 (s, 3H, CH30); 3.7 (dd, Ju.n =
16. 2 Hz, Jyp = 12.1 Hz, 1H, CHy); 3.95 (s, 3H, CH30); 4.0 (s, 3H, CH30);
5.15 (m, 1H, arom H); 5.75 (m, 1H, arom H); 6.2 (m, 2H, arom H); 6.7 (m,
1H, arom H); 6.8 (m, 1H, arom H); 7.25 (d, 2H, arom H); 7.5 (t, 1H, arom
H); 7.65 (s, 1H, arom H); 7.7 (t, 1H, arom H); 8.0 (s, 1H, arom H); 8.1 (d,
35 2H, arom H); 8.25 (d, 1H, arom H); 8.45 (d, 1H, arom H); 8.75 (d, 1H,
arom H); 8.85 (d, 1H, arom H). "®F NMR (CD,Cl,, 20 °C), &: -63.7 (s, 6F,
arom CF3); -64.0 (s, 6F, arom CF3); -75.1 (m, 3F, HOCCF3); -78.9 (m, 3F,
HOCCF3). *'P NMR (CD,Cly, 20 °C), 5: 14.6 (s).
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organi c solutions were reduced in volume to ca. 0.5 nL and treated with
hexanes (10 nL, portionw se). The yellow crystals were separated, 5 washed
W th hexawe3p@®9%1 5 nl), and dried under vacuum Yield: O0P2F/U$03/¢Q29 .

Anal . Cal cd for C44H36F6N21r C6P1/2C2H4CI, % C, 51.0; H, 3.6; N, 2.6.
Found, % C, 50.7; H 3.7; N, 2.7. 1HNWR (CD2Cl2, 20 C, 6: 3.0 (dd, JHH
= 16.2 Hz, J:%Emlggﬁpazﬁ_ é @lg%)CHZ) 3.4 (s, 3H CH30); 3.55 (s, 3H,

CH3O); 3.6 ( JHP =11.3 Hz, 1 H CH2); 3.95 (s, 3H 10
CH30O); 4.0 (s‘\nm@ture:nﬁtbe dishlogo-brifigad mlntalaam@ cyadlometatiated Incompex H) ; 6. 2

2
; ?]omzﬂ) a;OBnSrh%m i l_éﬁBnylpJﬁdufH@éPnb%uncﬂBaé bR @20 rﬁgﬁS ; plom:)

8.4 (d, 1H, %hQﬁPP '@af%’??&)wfl@m#&@m ’2@23re§ DPE—|(5a?lan?'P910§’°9 (d, 1
TS 3? OEOEDCFSNQG Y g:)vi’goraﬁs IE)stirr8d under ief(u%éNiFformﬁB)The 79T0b|(m 2
e

A m xture of %ﬁ@t?’?ﬂ W*(RF%WS d‘é@ﬁ %Iﬂoilé?n%?gé ﬁﬂ%oﬁgﬁ’é?mﬁ h@{i‘%é d,élorrpl ex
mﬁde \r/1v| th IoEdhgIqmmbldeme:gmn@emmbt:mrc(emltera@hmqgrea Sshodt Silicagel plllg;/

osphi noa %
E)l nE) was vﬁﬁgboru&%]géashl\&r@ﬁéqggérsh%% ;’Eﬁ h%% Q@Eﬁb yel | ow
organi c 118yer f(eb'lhhé yetew cpriéals (Bierareen tmlrﬁﬁéﬁﬁwﬁieand filtered
through a 5h(§épa$étbd¢ﬁa§hé‘&wﬂﬁh%x@ﬁé§°&ﬁd HAYE@ LUnYBsvAHUNRC YRdd Va7 85 g

di chl th t.h Th
e o o b S P P IATB By fbirnulif TR § O?qfsu?%eigﬁg'scm
rrsz . dThedyeI Itoluene)'S%aC$5Wﬁ8*gl sanJaNaQ 8d, gonmslh&’d Vi 8018; mezanmz(es 3445 m),
asraorran 1 R Repseh. 2 %l's, 2 5be okl 28, an QUL Qldpdung 5 4,

N, 2.4. 18 NV®. 2@!220142 ag Id;,,ﬂ& 062)13(61(11d JHinHF 16 PAHZ, Jrizs, = JH?PHz 30 9.1

Hz, 1 H CH2 74(d 16.

2 e, e = par B %ﬁf‘“ﬁ@”‘“&ﬁ%ﬂﬁ% A “Qafﬁ"m@

5.15 (m 1 H7 r(ngh; argmz); 7q] (m, 8H, arosiH)) argm H e 7 (m
1 H aromH) 3I-@ aofri™):17 Bl nﬁQ‘PmaH)m : 25 (@M—P'dmrﬁr s WHSaGém 1 H arom

; 7.65 :
(sz 35 2H( Sar"ébmgl-ﬁ &, érﬂzgf%’ H); 7(H55 éﬁ‘é:'_ﬁ‘ ayom gl')4§ %gd 11“ ﬁfoa'g%ﬁg?% 75
1 H  aron H1H,8Bm i, 'F NMR(CD}CH, 200%C), BNBA TR 3R .ardM CF,); $2.863. 7 (s
S roacrs) 3b FioR FBkc 52?58'95%0’0@569? ot 3. Ao5EFobosk
PCT/ US03/ 04149MRIERLInR®C), fTaBBLSR) A ni xture of the dichloro-bridged
di nucl ear bis-cyclonetallated Ir conpl ex

Compound 2-r (Table 2)

25 A mixture of the dichloro-bridged dinuclear bis-cyclometallated Ir complex
made with phenylpyridine compound 1-ae from Example 1 (200 mg),
phosphinoalkanol PO-2H from Example 3 (230 mg), DCE (5 mL), and 10%
NaOH (1 mL) was vigorously stirred under reflux (N2) for 10 min. The
reaction mixture was extracted with dichloromethane and the combined

30 organic extracts were filtered through a silica gel column, then reduced in
volume to ca. 1-2 mL and treated with hexanes (7 mL). After 3 hours the
pale-yellow crystals (blue-photoluminescent) were separated, washed with
hexanes (3 x 3 mL), and dried under vacuum. Yield: 0.34 g (90%). Anal.
Calced for C4eHagF24N2IrOP, %: C, 42.4; H, 2.0; N, 2.2. Found, %: C, 42.2;

35 H, 1.4;N,2.3. "H NMR (CD4Cly, 20 °C), 8: 2.3 (s, 3H, CHs); 2.6 (s, 3H,
CHa); 3.1 (dd, Ju.4 = 16.2 Hz, Ju.p = 8.3 Hz, 1H, CHy); 3.8 (dd, Jux = 16.2
Hz, Jy.p = 12.1 Hz, 1H, CHp); 6.1 (m, 1H, arom H); 6.7 (m, 2H, arom H);
7.0 (d, 1H, arom H); 7.1 (d, 1H, arom H); 7.2 (m, 3H, arom H); 7.7 (m, 2H,
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made wi th phenyl pyri di ne conpound 1-ae from Exanple 1 (520 ng), 5

phosphi noal kanol PO-1 H from Exanple 2 (340 ng), DCE (5 nmL), and 10% NaCH
(1 nm) wasowsgemeusly stirred under reflux (N2) for 30 nm RCT/se3/o41e¢act i on
m xture was extracted with toluene and then dichl oromethane and the

conbi ned or gamom ld)t7# 9 ¢ins 3tneasorhiH)t Brie@n,t4H, cargm H)S&Br(d i) aoa 68! pl ug,

th d d t 10
Ao 1 Ree SENIRIED LR 9. oC], & Gf@d%eﬁp%@%%? BEOARCSF o)
Cepar ated, | wiRSroAE (o, Hb afers, CRar 9 G Hin QeI Wil 8F, 0. 755 g

92% . Anal. |
(5 g WU S0 S RILEIOEIT01D 07 o0 <

NVR (cD2cf2, 20 ©), 5: 2.55 (s, 3H, CH3); 2.6 (s, 3H, CHS) 3.0 (dd, JHH =

15 16.2 Hz, Ttfpsulid 2-d¥TableP) CH2): 3.6 (dd, JHH = 16.2 Hz, JHP = 11.7
Hz, 1 H CH2 1 H
o L O iy b dniBRRtdag Sinfiofelr oty SrRRaThtedr Sofiifiey. 27O
(m 3H, arormadew?th@k(ernylm/ﬂdlrmrcmmpd)undm-‘ak(fsomExlampiedn(lZZD mg), 8 (s 1 H
TR AP (d  tfoRphihodliaio B i slor Exenid 21146587 POE f ey andt 0% 2O
CFé) -62 8 NaQH3P,5 mldwasragorously stiresh urgter refboci) for.2&min.( khesr,
) Gt b oty e, 2
e L ohaNganie xRS wert et TaLSE Ao e aolimn. e redyced 1™
?QOﬁE?i noal kamjmé’&? 2hl immagdmtai witk hakangs (8 MUY Aftert)hounmd rdéito NaCH
was Vi I I 1
et o oo sdRpalauYe B4 e 20l ot Bio the e yh ROw BB sorkhs L oavt! O
extract s 1fer qarfomluanmscent)omgb separatedawgsehed withrhexanas i3 xedmdg¢danc  vol ume
to ca. 1-2 ”‘drfé'a%rf ?fgﬁﬂ t%eﬂebadlﬁg éél%yLAnaﬁfda%d forhours the

pal e-yel |l ow crystals ue- phot of um nescen were se arat ed, vvashed W th

hexanes (3 x GizhigF12M21e0Rr Y &, 4R H BN N2 eré?lli\ 4P.00H92.8; Mal .
Cal cd for CAGHBOEFRNNAR C% °C‘§264255*(323PQ;CN3)QE?gs @wm-ls)“/soc 42. 2;

35 H, 1.4 . 2Cl 0 6 3H,

CH3): 3.1 (dddguiﬁw é@? @3(3'%&) Pﬁq(dsmz)” PTJI(-I-SH =

ﬁ? 2 7H62?éH1E +HE2 1H, %2)1675(”0“2') arémIHY, 8.7 (mH3Haamm |-0),79(7n(4|1 H)2H 7ar70m

(m 2H, Lot BE By atasn o tm "82%’5;“ HY: 727% 4%(1’3’%5‘% H

(m 4H, arom&—l} {d 81H, drom H);-8.84d ohir Harom HF TRRMRI2DLQL, 20°C), 5: S: -62 9

E:: gE g;gmg@ks 6I'-6 r m(éF3)3§5 FAMFBEDCCFH3:7.6 fm, 3F; HAICOESFS): -63.9
NVIR (Cchzl2 2 °C) 8:9.0 (s).

Compound 2-t (Table 2)

A mixture of the dichloro-bridged dinuclear bis-cyclometallated Ir compiex
made with phenylpyridine compound 1-ac from Example 1 (160 mg),
phosphinoalkanol PO-4H from Example 5 (120 mg), DCE (4 mL), and 10%

30 NaOH (0.2 mL) was vigorously stirred under reflux (N2) for 10 min. The
reaction mixture was extracted with dichloromethane and the combined
organic extracts were filtered through a silica gel column, then reduced in
volume to ca. 1 mL and treated with hexanes (8 mL). The yellow
precipitate was recrystallized from dichlorometane (warm) - hexanes,

35 washed with hexanes (3 x 1 mL), and dried under vacuum. Yield: 0.222 g
(86%). Anal. Calcd for C44H1sF2sN2IrOP, %: C, 39.3; H, 1.3; N, 2.1.
Found, %: C, 39.4; H, 1.2; N, 2.0. 'H NMR (CD.Cl,, 20 °C), 5: 2.5 (s, 3H,
CHa); 2.6 (s, 3H, CH3); 2.7 (dd, Ju.w = 17.0 Hz, Jup = 8.7 Hz, 1H, CH); 4.3
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HOCCF3); -79.1 (m 3F, HOCCF3). 31P NMR (CD2CI2, 20 C), 6: 14.6 (s). 5
Compound 2-s (Table 2) A mixture of the dichioro-bridged dinucl ear
bi s- cycl owetoalb@asted Ir conpl ex made wi th phenyl pyridi ne ecmpmsosnaids ak from
Example 1 (220 ng), phosphinoal kanol PO-1 H from Exanple 2 (140 ng), DCE
]£4 m§)5 and _JI_(G%J.QH a0 Hz, Inmls cava’s?.Oil-gprlbUQI-yz)s@.Br(nagﬂl-ulmiem H)efh7|.61x (Ng)
or m n. eyl QN u t e c owgt hane an
t he conbi ned (gb;'aaﬁﬁ)gﬁ gﬁt Zé@g& é\ﬁrﬁﬁjﬁ?%é’gz&gt ﬂﬁ\é\%iﬁn?)s?@?@aﬁﬁel col um,
then reduced arAm kKIS Hcarom Hi 8. aifen, 2Ho arem i B (sbikh@someHins) . Af ¢ er
1 hour at rodfF NMRREDRCW, 2020, §:h8n B3R BFNaRim TF 4§ -55% @rlsespehigny
crystals (greep 15 t°g] im nesgcent) re separated, )segd’ 1t h hexanes (3
x 1 nL), gnd 5@9@@%2&1&%&9@ 3)m®ﬁ(8,@%GFW(§%%% in, 36l cd £ or
?g%gﬁlaﬁlzggcﬁ);cnﬁ%ﬁ; 3K, |'2|@G§3F3N1-1242- (bF@%JBH,Z C%Esg,ﬁ‘ca/lQZQg_G 2-386 N,
. 5. . : " . S, y O
(dd. JHH = 1%’.529,5596%&'_9‘?-%(3" ﬁ?; Cg'gﬁ){ iz, (M31E; ?&oﬁ,"ﬁ@?ﬁ@ 6. 2 Hz,
JH_P = 20 12.2F K&sFs) -H59.8HRY s, BF 2C¢Fy). 1P MR (€28}, 26.°C)( & -13H4 (barsdm H) ;
7.0 (m 4H, aromH); 7.1 (m 1 H aromH); 7.4 (m 7H aromH; 7.7 (m
4H, aromH); 8.3 (d, 1 H aromH); 8.8 (d, 1 H aromH). 19F NWMR (CD2Cl 2,
20 ), 8:10- d@ompound ru (Fablen2rF3): -75.1 (m 3F, HOOCF3): -79.0 (m 3F,
HOCCF3) . 31P\ MiktutdBR{HedickBré-brid§ed Hirfdicleal bieydiompriRtediricompdt € 2) A
m xture of the 1(iilchl or.o- bri dged di nucle&r@%fs-cy IorretaﬂS@ted ;r conpl ex
made with phaRgtBMINEEIVRYHBIG oA 1 iR Famriramale  600g).
E)gogpm_;\oa' kmspﬁlﬁoéllka‘nbg)?(ﬁlgrfmrﬂ E&afﬂ;ﬂ@fl 5n9B.m&X% GE{gh)L),andﬂD@% 30 NaCH
: was i gor stirred under. reflu I n. e reaction
XEure v Jﬁ%@ﬁé@%nﬂwtW?de'eﬂﬁoaﬁfyrfév{?gn@%ﬁgﬁKf@%r%fi 128 TB8 1 ¢
ext ract s Ner eebctiagremaxdtutenwas gixtracted witradighloremiethane arkther @aabieedi n - vol une
toca. 1 nL ; ' ] I I r IR e was
recrystalli z:cg’g?'tr‘I%%?ﬁ%%%ﬁ@%%éﬁ%éﬁ)%m%ae_ %n@%gghﬁegsﬁéga\bét?ﬂ hexanes
(3 x 1 nL), dadraessd Theigellomrenidne wasrecrystalized fron glighlorometane €al cd f or
?ngiﬁzﬁu\N/ZR“@ag%’%, \ﬁg(s)ﬁ&i ﬁlith_*ﬁzex%né’s (3\|§ I_1|2mi;) a@&%ﬁhg%er@acﬁﬂaﬂ% H, 21-72? dy,
0 TN (el the Bradien §:TaidpibRimpitans Sshbie 55 o628y bl > 7 (9%
PCT/ US03/204 14alcd fot, C4Hx4F sNIAUTOPCHz %:)E+40.6; dal.61 N, 2.3z Folnd], %C82); 6.8 (m
2n aromth . dofn(3s: h B2 219Kk cDER, 98°C), 2 818 BCHG B4 @ 1
’ 3H, CHs); 2.7 (dd, Jun = 17.0 Hz, Jup = 8.7 Hz, 1H, CHy); 4.3 (dd, Juy =
17.0 Hz, Jy.p = ca. 17.0 Hz, 1H, CHy); 6.8 (m, 2H, arom H); 7.6 (s, 1H,
arom H); 7.65 (s, 1H, arom H); 7.7 (s, 1H, arom H); 7.9 (s, 1H, arom H);
25 8.0 (s, 1H, arom H); 8.2 (m, 2H, arom H); 8.7 (d, 1H, arom H). *F NMR
(CD2Cly, 20 °C), &: -76.9 (m, 3F, CF3); -78.4 (m, 3F, CF3); -108.0 (m, 1F,
arom F); -109.7 (m, 1F, arom F); -109.8 (m, 1F, arom F); -111.8 (m, 1F,
arom F); -124.6 (br s, 2F, C¢Fs); ca. -129 (very br s, 2F, CgFs); -145.5 (m,
1F, CeFs); -148.8 (m, 1F, CgFs); -158.3 (m, 2F, CgFs); -160.5 (br s, 2F,
30 CgFs). >'P NMR (CD.Cl, 20 °C), &: -5.3 (br s). The structure/composition
was confirmed by X-ray analysis.

Compound 2-v (Table 2)

A mixture of the dichloro-bridged dinuclear bis-cyclometallated Ir complex
35 made with 2-phenylpyridine, prepared as described in Sprouse, S.; King,

K. A.; Spellane, P. J.; Watts, R. J., J. Am. Chem. Soc., 1984, 106, 6647-

53; Garces, F. O.; King, K. A.; Watts, R. J., Inorg. Chem., 1988, 27, 3464-

71 (120 mg), phosphinoalkanol PO-2H from Example 3 (170 mg), DCE (4
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aromH); 8.0 (s, 1H, aromH,; 8.2 (m 2H aromH,; 8.7 (d, 1H, aromH).

19F NWR (CD2C1 2, 20 ©, 6: -57.9 (s, 3F, aromCF3); -59.5 (br s, 3F, arom
5 CF3); -wb.8/n0¢®e1 3F, arom CF3); -63.0 (s, 3F, arom CF3); PCTAISB3/(4149 3F,
HOCCF3); -78.7 (m 3F, HOCCF3); -124.2 (br s, 2F, C6F5); ca. -128 (very br
s, 2F, C6F5);mLjl4hdS {(2%N4OHR, (1@E)51)/asvigé70lisly(stlrréd tind€6rgblux (NJpfor 20( br s,

28O0 i T Tedbtgf a8, e B T Radd g 10,
lé;(: c?/gl (im(aaaddnableeld Iqrgajgcrpb(tnractsrvwe fikerdd thimeugh p\silicai ged cotummpry tthein 1- gl(o:Ef Egm
) rrpand 100/% tg quqn{g)dL 8@ \k/rlégfogrdo\ﬁigﬁl gagﬁﬁaﬁﬁggﬁé@orﬁ\é\é%x%ﬁ) for 15
nmn. The 35 rdhewisdheelewnsecipiatewaseeraratgd andireatysatized FeA and t he
gegblopggedor gﬁéhlércﬁ?é%t?ﬁ@t-awg%hés L\A\;Véér@dagutﬁ ST TS @sr ﬁnltme a9@ldridd UM, then
di CE| or onet arff'®® }/{QQ‘AH@S-R(W%ﬁQJ@ %éﬁheéﬁﬁ@aﬂ@eﬁ) £§4F1mdﬁ?@d under
Xﬁgluum Zg{l alcc 44 8hd, BriodN)&.5 ( Eoﬂlndi,lc;&fhoonarﬁéﬂ-heﬂn@ N2 @at'e) NMR 13539 I(:(7)8(r)ﬁi
°c .17 EORR2CESMAG di et vut 00 i 1 D 03,

2.6 (s, 18H, (OBBYHHE. 1762dttz Jae Fea 11271 izt H, Dz 6:04my 1z arami); @J&) 4 3
(dd, JHH = (. 1@4 'é?romlhb 8.5 ﬁlaZlerd?n'liB 75 (h, @ﬁ%)ronﬁH?» Xm(mZEH arom H)

7.6 (s, 1 H 'ar 9 % mH® r%
1 H arom H):arom E) ?ém marqnm iZ|)9 (rp, %(%onazw %ﬂdm ﬂ}' agomlzl
arom H). 19F g\Rd ﬂqDa@niH)ZQQQH, 18; aror® HY. (¥R Nmz(csgoztz, 208CH &m 3F

ar om ) 10?131‘{%’56%5"’1' af%rrn"%m%g'?sg 5 Ao Fy; Tl (e CFS 6*5T291(5ery

br s, 2F15C6F9.1 (M35, EF:60H)1R'P GHR)(CD.CA3 20 °C) 5 114F0({)6F5) -158.3 (m

2F, 06F5) -160.5 (br s, 2F, 30 C6F5).£yAf3 (CD2CI2 20 C), S -5.3 (br
s). The structure/conposition was co y anal yS| s. Conpound

2-v (Table 2) A nithiaexsaoiple Hsigaten the formatioget amu lng@n‘@éﬁx of the

bi s- cycl onet ghltReh l‘\éwﬁé’ﬂ’% Pérmtﬂé I”‘F\déa szbﬁé-?ﬁ‘f'ni&fﬁb@“dl%ctlw epar ed as

descri bed in Sprouse, I"ane
Am Chem SOc,fromiESéa(hYEb%tE)6647 53 Garces F. 0.; King, K A V\atts R.

J., Inorgg Chem, ouRd 2-f3Fesle 7)1 (120 rrg) phOSphI noal kanol PO 2H f (r)om
NG (1 L) (Beh 5%9%95#' h¥§ﬁsas$ & %gﬁf el Ay YRR g 612 99 ¢TRBY% “The
reacti on m xtpurity,veohtained ddte df Richlordidcethydpyridire stagting otateriady @i ned
organi ¢ extr g8, wehEnSI (156N, hRE WHEr @oShl) #as LelreG UnYBP refll3EBr 2
hours. The solid-free yellow-tan solution was cooled to about 100 °C,
25 treated, at stirring, with a solution of NaOH (3.0 g) in water (20 mL) (the
mixture turned dark), and then immediately with phosphinoalkanol PO-1H
from Example 2 (6.0 g). The mixture turned yellow and a yellow
precipitate formed. Water (100 mL) was added, and the mixture was
stirred for 5 min at 110 °C (oil bath). The mixture was allowed to cool to
30 room temperature and then kept at ca. 10 °C overnight. The solid was
separated by filtration, washed with water, dried on the filter, and dissolved
in ca. 400 mL of warm dichloromethane. The solution was filtered through
a silica gel column which was then washed with dichloromethane. The
combined organic solutions were reduced in volume to ca. 20-30 mL and
35 treated with hexanes (150 mL). After 2 hours the crystalline pale-yellow
precipitate was separated, washed with hexanes (4 x 20 mL), and dried
under vacuum. Yield of 2-f: 12.3 g (calculated on Ir). The product was
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evaporated to 1-2 nL and treated with hexanes (8 nlL, portionw se). After 5
4 hours the yellow precipitate was separated and recrystallized from
di chl or orm0anes996hexanes, washed w th hexanes (3 x 1 nl), pamaiSos/isaed under

vacuum Yield: 0.22 'I£L 6% Anal . Cal cd for 4F18N§/;FLP , % C, 44.3;
H 2.1; N 2.feunc¢tabd, % and speatroseppically, pwe (é Fiandvi® NMiResee, 20 O,
S 3.1 dd J,gzdfhﬁeb? JHP—83Hz 1 H, CHZ) 3.8 10 (dd, JHH =
16. 2 Hz = ca 2.

1 H 6.7 1 H,
aromH); 6 9 (m 2H, aromH) 7 0 ?&M&&é)m 7. gr(()m H)2H aroEan)
7.7 (m 6H, arom |"l)h|s éxampte illdbtratesane Mrmalioh dﬂOLEID{s uérn@rthb*)lrldnuﬂm 3 (d, 1
H, arom I—|)5 %@él Qh arom@i‘.3 19F NWR (CD2CI 2, 20 O, - 63.5 (s, 6F,
arom CF3) > - €9 §es8 MRSy -75.2 (m 3F, CF3COH); 15 79.1 (m 3F,
CF3COH). 31P NMWR ('KI:[iﬁﬂlrﬁ OlZiD(d)ewch mszlud)ingsa)holeMPbE I@/eTr(Hé' layempl e
| lustrates t th
For il a1 1 o e TRegEnt] ax@ (G LR afloatttine RYEGh W3ReB8Y | 1Y, LTS,

20 Corrpound zayer((fé{blayea)wexerfa ticated by the them(ahwamr@tloaaecwer%
aryl pyridi ne é%\ﬁ% 0§begev to?WﬂhtdildlﬁQQbﬁ g‘uﬁﬁb WA%REd. The base

2-chl oro-4-ne

startl hoxye
and wat erl0 (20’%)’"&‘% F'P%H“ﬁﬂﬁ'gldep@?'F'ﬁQ §rin she Fﬁﬂﬂ%‘)}{l& QHH efree
yel |l owtan sajefios mmnvman@w\ﬁsbb apatile of dépdsifing fite differémtdfilmatwittiout r i ng,

th | ut t 20 nmL th t t d
dark) - and « HBR m&'a Pietk YB 1% aBIBLh noal kanol PO 1 H i rom Exanpie 2
(6.0 g). The ni xt Areindiumdu gxitie iQiredated/glasesubstrateiwas used, fravingd. Wt er
(100 nm) was Y, a\@?@f PSumdQﬁd‘QGOU‘?‘S T %ﬁﬂs‘ﬁ%té WasTFirdt &tﬁatméégyc (oil

bath). The mX tenperature and’then kept
at ca. 105C ®tehinggway theeunwanted WEQ ar@@p}@xhaﬂ‘éaiqﬁolutqomsm%wa hed with

\gfat ﬁlr dri fﬂ él@ct?dtﬁe E)ét'térﬂ[ PEichide ﬁe&ﬁ! wasl uséd' a§4he ﬁ%kﬂtﬂfé éﬁ‘férﬁbd |
ARG T G S R M M T
wer e reduced golution. uTige tobsteated Wedé then AmsbdBwith distilled watét) fdilowetelsy ( 150
e hev o iSGhRehBE B A HEbASSBR AL Yapd GELB ARG o5 Searated
12.3 g (@4l cul at edThencleahed, Tpatterned it® substrateovatiesy l08ded intede US03/ 04149
ngggg L 07§>e N AlEhARBEF 498 SRPLIANbY RHE Bulnbed down t516-6%8fr. g see
substrate was then further cleaned using an oxygen plasma for.about
5-10 minutes. After cleaning, multiple layers of thin films were then
deposited sequentially onto the substrate by thermal evaporation. Finally,
25 patterned metal electrodes of Al were deposited through a mask. The
thickness of the film was measured during deposition using a quartz
crystal monitor (Sycon STC-200). All film thickness reported in the
Examples are nominal, calculated assuming the density of the material
deposited to be one. The completed OLED device was then taken out of
30 the vacuum chamber and characterized immediately without
encapsulation.
A summary of the device layers and thicknesses is given in Table 5.
In all cases the anode was ITO as discussed above, and the cathode was
Al having a thickness in the range of 700-760 A.
35
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This exanple illustrates the formation of OLEDs using the iridium 5

conpl exes of the invention.
t ranspor twbagms996HT | ayer),

| east one el
t her mal
di ffusi on pu
deposition W
capabl e of d
t he vacuum

evapgor ati on techni que.

An

EdWABHEAut o 306 evaporator with oi
np was used. The base 10 vacuumfor al |

epoﬁbﬁﬂﬁ, ?’?%T‘g?’dﬁ P@&@ﬁ?

An_indiumtin OXIde (1 TO

torr

ml"?q)f?s?

ity el

W gl ass substrate was used,

Thin film OLED devices including a hole
el ectrol um nescent

| ayer ( EL picayesoy/oand

of thethin fiIm

at

\6'8 FBVIEN eak up

having an I[TOPPAYEA. Gdiphesyt 1 d8crheramthralingrhe substrate was first
patterned by 15 etching away the unwanted | TO area with 1 N HCl sol ution,
to forma fi[rST elecirqde rern. POIE de Tape was uffl as The magk. The
patterned |I|TO ubstrate? { he 6\'/1(5\’& rAi asoni 2‘? ueou<
detergent gol MABAE THe (THIGKR ‘?soﬁ es$ {8 i |nsed r\ﬁs§t Ied yat er,
fol | onwed by (seprepangl—arddthentdegreased+tnitolvene—vapoer—for—3-hours.
20 The cl eaned, ﬁatterred MRMBubs{ rGompessd 2-n | oaded iDIPA the vaduum
chanmber and the chanber| wa ed| down 10-6 ftorr. Th ubstrate |was

t hen furt her—etearred—us TlgS(gﬁg{q}:\)y P gi(?‘%g for—tabott ?i%gn-ruut es—After

cleaning, mjlti pPeayars MPMRi n {i¢ompaund 2tdgn deposi@RY sequentilal Iy
onto the suldstrate by ther r(gl11)avap prat i 94111)F| nal |l Ly, 25 PG ned net al
el ectrodes gf—Ar—were LU‘pUbITHU ttroggh—a mask—The—thickness—of —the film
was measured dur Pnyy deposi MRMPusi 19C<amaean@2 Cdrystal RAor (Sycon
STC-200). Al filmt h| q kne5(575)apor1 ed i Mide Exanpl es af .ﬁ)z)om nal ,
cal cul at ed gssumLn The rrat eri.al | deposit 0 be one.| The
conpl eted OUED d ‘Pce wa We&ﬁt ak<=n8 HRd 29 t|he vacuuﬁpcéanber and
characterizqgd i nmedi at el y vt hput encapds‘m)atl on. A summgdit)of the device
| ayers and t[hick ses T, In|alT case e anode was | TO
as di scussed abmglgsS anc EAF)C/@FhOd( %@Boi{ud %é%. ng a thi i?frfgss in the range
of 700-760 A. 35 37 WD 03/ a666p1 PCT/ US(M#23)4149 TABLE 5@RP =
bi s[4- (N, N-di et hglgam ng) - 2 yl phe dngeLpyl phenyl) 4 t hane DPA =
4, 7-di phenyl|- 1, 1% phenant hrol | Ee HIr Pébﬁ)&)ugﬁ yer ET | aleeFER
(526) (436) (404)
9-7 MPMP Compound 2-g DPA
(505) (433) (408)
9-8 MPMP Compound 2-h DPA
(544) (424) (412)
9-9 MPMP Compound 2-i DPA
(548) (438) (725)
9-10 MPMP Compound 2-k DPA
(510) (404) (414)
9-11 MPMP Compound 2-0 DPA
(504) (422) (387)
9-12 MPMP Compound 2-p DPA
(612) (408) (402)
9-13 MPMP Compound 2-q DPA
(546) (428) (411)
9-14 MPMP Compound 2-r DPA
(516) (462) (408)
9-15 MPMP Compound 2-s DPA
(508) (461) (412)
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Sampl e (Thi ckness,

(538) (404)

(Thi ckness, A) (Thickness, A) 9-1 MPWP Co

(408)

npound 2-
9-2 MPMP Conpound 2-a DPA (511) (411) (410) 9-3 MPWP

a DPA

Conmpound WOm3MeMe1 (575) (412) (402) 9-4 MPMP Conpound 2- CDRA/GMIY (411)
(4]_]_) 9-5 NERMR J‘nn:nnup_g 2-c DPA_ { RQR\ { A?Q\ { 41 ’)\ o-6__NPMP (‘nnmmlnri 2-1
DPA (526) (j436) (404) 9-7 MPMP Corrp'ﬁABdE?S g DPA (505) (433) (408) 0-8
MPMP Conpound 2-h DPA (544) (424) (412) 9-9 MPMP Conpound 2-i 548)
(oﬁﬁﬁéu(nézg) 0 DPN')P %@Pgﬁg@“ 5@36»?&155&02 %%ﬁ%ﬂﬁ%@tw%ﬁ%wy T12) (408)
(402) 9-13 [VPMP Conpound 2-q DPA (54Bethanss) (411) 9-14 MPMP Conpolnd 2-r
DPA (516) (46@F'°(ﬂ(§83 -diphenyvbo- remﬁﬁ.%\ﬂwel"ze s DPA (508) (461) (412) 38 WD
03/ 069961 PCT/ US03/ 04149 TABLE 5 MPMWP =
Zi ?3.%% i_i[ Nyt Srri Re - Z2-1el |pr eny] (4 rrerny;pgrenyl )E|T mel nane | DPA =
(Thi ckgess?/ ( TRAW WSES ﬁz‘}g%;ﬁnesg,'%&e“ ’&) g ess A?arrp 1
9-16 MPMP Compound 2-v DPA
(514) (406) (407)

The OLED samples were characterized by measuring their (1) current-

voltage (I-V) curves, (2) electroluminescence radiance versus voltage, and

(3) electroluminescence spectra versus voltage. The apparatus used,

5 200, is shown in Figure 7. The I-V curves of an OLED sample, 220, were

measured with a Keithley Source-Measurement Unit Model 237, 280. The

electroluminescence radiance (in the unit of Cd/m?2) vs. voltage was

measured with a Minolta LS-110 luminescence meter, 210, while the

voltage was scanned using the Keithley SMU. The electroluminescence

10  spectrum was obtained by collecting light using a pair of lenses, 230,

through an electronic shutter, 240, dispersed through a spectrograph, 250,

and then measured with a diode array detector, 260. All three

measurements were performed at the same time and controlled by a

computer, 270. The efficiency of the device at certain voltage is

15 determined by dividing the electroluminescence radiance of the LED by

the current density needed to run the device. The unit is in Cd/A.
The results are given in Table 6 below:

TABLE 6
Electroluminescent Properties of Iridium Compounds
Peak Peak Approximate Peak
Radiance, efficiency, Wavelengths,
Sample Cd/m2 Cd/A nm

9-1 450 45 460 and 500
at23V

9-2 15 0.6 460 and 490
at20Vv

9-3 450 28 465 and 495
at20 vV
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9-16 MPMP Conpound 2-v DPA (514) (406) (407)

The OLED sanpl es were

characterized by neasuring their (1) current- voltage (I-V) curves, (2)
el ectr ol uwDnewewece radi ance versus voltage, and (3) el eeCralSwrinescence
spectra vers ; — } } 7.
The IN curvés of an OLED sanpl e, 220,TABLE 6 neasur ed vvi th a Keithley
Sour ce- I\/ba;uegent UnEfecYBE:%lnéso’gentﬁgperTagofﬂjicﬁl(}ﬁ\r geence radijance
(in the uni t—ef—Cdf+2FTV¥s Lage WaS—HeasSH-ed—y 10
| unmi nescence neter, 210, wthF Vol t adeSPs sc mrf%%Pr%'i"?l%‘ eilt hl ey
SMJ. The el ectrol uni nesceniad 'fﬁcg ect|r un®HE®NE¥Lt ai med 8ibsi ng I i ght
usi ng a pai r_ofSamglees 23OCd/mﬂrouqr an roni ¢ shuttelnm 240, di gpersed
t hrough a spectrg@raph| 250, 3mnd then nmegyired with a gs@dRd agoay
detector, 260. Al thre msaiﬁl enment|s were performed at the same tine and
controlled hy a conmputer, 3ty The egfficiency of fhe device at certain
vol tage is 15 deger m ned by @09i di ng [t he &l@ctrol um nes¢rmaadnvaddi ance of
the LED by |the current dengj needed to run the device. The unit i§g in
Cd/ A. The results are gl a ble 16 below —TABLE 6 El ectrolumnescent
Properties of |r8@& um Conpoud8i® Peak |Peal24ppr oxi mat e P&Akan&ké&@bance,
ef ficiency, |Wavel engt hs, Sgtnﬂﬁ Cd/n2 Cd/ A nm9-1{450 4.5 460 and 500 at
23 V 9-2 15 {0-6460—ant490—at20V-913—450-2-8465rand—495—at—26——39 WO
03/ 069961 PCT/ UB3/ 04149 TAHKE 6 El ect rolluhi nescent Pr'bmeandéeoof Ini di um
Conpounds Peak Peak Appr oxi gepgyPeak | Radi ance, efficiency, Wavel engths,
Sanpl e Cd/ m—Cdtr-Am9+4—35 0.4 460—and—480—=at—207VvV 95906650 4761and
510 - 400 5 470 and 500
at22Vv
9-9 190 1.2 465 and 495
at22 Vv
9-10 880 6.0 463 and 490
at22Vv
9-11 700 4.0 480 and 510
at21V
9-12 120 0.8 478 and 505
at20VvV
9-13 1500 12.0 470 and 500
at22 Vv
9-14 250 1.8 468 and 497
at25Vv
9-15 2400 17.0 500
at22V
9-16 250 1.5 483 and 506
at22 Vv
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at22Vv 9-6 450 12.0 470 and 505 at21 V 9-7 25 1.0 470 and 500 at 23 V 9-8
400 5.5 470 and 500 at 22 V 9-9 190 1.2 465 and 495 at 22 V 9-10 880 6.0
463 and 480 0306922V 9-11 700 4.0 480 and 510 at 21 V 9- 12prC20S03/@1498 and
505 at20V 9-13 1500 12.0 470 and 500 at 22 V 9-14 250 1.8 468 and 497

at 25V 9-15 2400 17.0 500 at 22 V 9-16LABMIS1.5 483 and 506 at 22 V 40 WO
03/ 069961 P / CLAIMS What is clained is: 1. An organic

el ectronic mﬁgggccg%?é%sllsng an active |layer, wherein 5 at |east 20% by
wei ght of the active |ayer conprises at |east one conpound having Fornul a

| bel ow | ”—a'-b'- ' An c?’rgﬁﬁﬁ éié‘(ﬁc?é}ﬁc HQva@é%o griéfhgﬁ?]n Qb{n‘;eefag%ff \ﬂ?&ﬁSﬁCh of

La and Lb has own I.n ereln; R8 are

i ndependeﬁt | A é%ﬂsé@pe@bi’r"\tﬁ‘rghtiﬁfdhgé‘éhve W@f E‘Pmﬁﬁ'ﬁe%@kkﬂaSt @MRoxy, hal ogen,
nitro, cyangompoiMidohaving F‘ﬂ)ﬁh@l&ﬂlbelﬂiﬂ( H+F) 2n+1, and OCF2X, where n is an

integer from1 through I]L%LbLJ‘S and Xis H d, or Br, and )
where
LA and LD are alike or different and each of L2 and LP has
10 Formula Il, shown in Figure 1, wherein:

R1 through R8 are independently selected from
hydrogen, deuterium, alkyl, alkoxy, halogen, nitro,
cyano, fluoro, Ch(H+F)2n+1, OCnr(H+F)2n+1, and
OCF2X, where n is an integer from 1 through 12,

15 and X is H, Cl, or Br, and
Ais C or N, provided that when A is N, there is no R1;
and
L’ is a bidentate phosphino alkoxide ligand having Formula Iil,
shown in Figure 2, wherein:
20 R9 can be the same or different at each occurrence and
is selected from Cm(H+F)20+1, Ce(H+F),Ys.p,

R10 can be the same or different at each occurrence
and is selected from H, F, and C,(H+F)2n+1;

Y is Cn(H+F)2m+1;

25 n is an integer from 1 through 12;

mis 2 or 3;

p is 0 or an integer from 1 through 5.

2. The device of Claim 1 wherein R9 is selected from CeFs and
30 CgHpYsp, where Y is CFsand pis 3 or 4.

3. The device of Claim 1 wherein at least one of R10 is CF3 and m
is 2.

35 4. The device of Claim 1 wherein the phosphino alkoxide ligand is
selected from 1-diphenylphosphino-2-propoxide; 1,1-bis(trifluoromethyl)-2-
(diphenylphosphino)-ethoxide; 1,1-bis(trifluoromethyl)-2-(bis(3'5’-
ditrifluoromethylphenyl)phosphino)ethoxide; 1,1-bis(trifluoromethyl)-2-
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Ais Cor N, provided that when Ais N, thereis no Rl; and L' is a

bi dent at e phosphi no al koxi de |igand having Fornmula Ill, shown in Figure 2,
wher ei n: R0 0BRO6wan be the sane or different at each occur Pemasozamd49 i s

sel ected from C( H+F) 2n+1, C6( H+F) pY5.p, R10 can be the sane or different
at each occurbis(d driflaordmethglphenylphospbimojethexidanandd(t++F) 2n+1; Y is

Cn( H+F) 2mt1; i [t i J r 3; pis 0 or
an integer fro t’}i}"{@?’g‘%éwﬂsf —?@E(%@éﬂ&g{)&%lﬁ@ g?%n@évtﬁl%)ﬁ%?n RO is

sel ected from C6F5 and 30 C6HpY5_p, where Y is CF3 and p is 3 or 4. 3. The
dovi co of - ai m ] hare SoBc aRlornBe Abs Bl I Fnereh o oo om
1- di phenyf phd%ﬁﬁﬁeﬁtﬁdz{rﬁm(ﬁﬁﬂﬁ?‘ﬂg‘,d%é}f-tB{%’@Hr%qf’i %Féﬂgf‘ mfﬂ?-ﬁ@f-( d

i phenyl phosphi no) - et hoxi de; 1, 1-bis(trifluoronethyl)-2-(bis(3 5
ditrifluoromethyl phepyl i jde. 1 } i flugronet hyl)-2- 41
WO 03/ 069961 PCT/ %gdg,ysah%}gﬁg%erﬂeo&gé H8?'H gcﬁhp&urlﬂé)b-sa(tﬁw%&dh 24,088t Y )

(bi s(4'-triflshomoniatTahl@Renyl ) phosphi no) et hoxi de; and 1, 1-

bi s(trifluoromethyl)-2-(bis(pentafl uorophenyl)phosphi no)et hoxi de. 5. The

organic el ectronic device of Claim1, wherein the conpound, 5 is selected
from conpBunds 2- & -t frseegssafpreparingaphosphinglikans! compaisingthsseP sel ect ed

from cormoundﬁ canﬂqiﬁihgml . dZFrbm@@drﬁ\hmfm?ihﬂutﬂi?ilﬂhi@nﬁ]ivvhb@enig_-thém%lﬁﬁSS_S gf
preparing a phosphino ano onprisi,ng. step of conbining a drie

br omohydri n mﬁ%oﬁﬂ&ﬂtﬁ"}ﬁﬂ'rﬁ‘i HRWWF’BHI'\S ?ﬁ‘é”t lar ratio of n-butyl
lithiumto bronohydrin is about 2. 8. The process of Caim7 wherein the
epoxide is 15 1, 15 bj i 1 I A ide: 9. The process of
Claim?7 wherein t#ebtﬁéh?é)éper?gggmhb?g)ﬁg%(}rﬁgép%@é%yfsphosphi ne. 20 10. A
process fl6r g, &bis(irifyosorpetiyhethyteriekexide. conprising: (1) conbining an
epoxi de with aqueous HBr, to forma bronohydrin; (2) isolating the

bronohydrin fromstep (1) and renovi hg water; (3} conbi ni.ng the dried
br onohydrin from $ephe proggssieflaim ¢wherein the chlorophosphine is

chlorodiphenylphosphine.

20 10. A process for preparing a phosphinoalkanol comprising:
(1) combining an epoxide with aqueous HBr, to form a bromohydrin;
(2) isolating the bromohydrin from step (1) and removing water;
(3) combining the dried bromohydrin from step (2) with n-butyl
lithium, wherein the molar ratio of n-butyl lithium to bromohydrin
25 is about 2;
(4) adding a chlorophosphine to the product of step (3); and
(5) adding acid to the product of step (4).

11. A phosphinoalkanol compound prepared by a process
30 comprising the step of combining a dried bromohydrin with n-butyl lithium,
wherein the molar ratio of n-butyl lithium to the bromohydrin is about 2.

12. A phosphinoalkanol compound prepared by a process
comprising:
35 (1) combining an epoxide with aqueous HBr, to form a bromohydrin;
(2) isolating the bromohydrin from step (1) and removing water;
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lithium wherein the nolar ratio of n-butyl lithiumto bronohydrin 25 is
about 2; (4) adding a chl orophosphine to the product of step (3); and (5)
addi ng acwd osoewdbe product of step (4). 11. A phosphi noal kamalsoxempound
prepared by a process 30 conprising the step of conmbining a dried
bronohydrin w th r(3paombiring Heudsied bramehydrinfeomstep (2)awittondfutyl- but yI

thium to the bromoladi hercRBiS diar e ofn BUAARAGARL 3BRIoNGBAROLd

prepared by a process cohprising: g an epoxi th aqueous
HBr, to forma bronoiy@ReW:2; (2) isolating the bromphydrin fromstep (1)

and remvi ng vat ery) 4ddie DHIBRANOLORRE LS HAKAED of 48 @9ERIcNI ng the dri ed

bronmohydrin fromstep . (2) W, -butyl lithiu wherein the nolar ratio of
n-butyl | Pthium td%bggigr'ﬂﬁﬁﬁ'éibﬁ\esprgé%t@fﬁt% 23)- addi ng a chi or ophosphine to
the product of step (3); and 5 (5) adding acid to the product of step (4).
13. The phosphi no an C oun f i 9. roula 111 -H  shown
in Figure 2, V\/ner:’Hi: %"ecgﬁg?ilgﬁk%%oﬁp%gppﬁiﬁggw 53 h@:{gﬁ occurrence
and is 10 sdfarotudallli-HyshowOHh Figurei2, wbgfeinF) pY5 _p, R10 can be the sane or

different at each occurg® i f . F)2n+1; Y
'S Cr(HE)L2mL: n s ank; Etsﬁé%pﬂ ?s%meisiﬁ?%ﬁegﬁaig?w%g‘#ﬁ’. e & H;;;)p is 0

or an intl@ger from 1 throf8Ected flom Gl thoepfieldth k¥aol conpound of O aim
11 wherein said conmpouRt0 can peltheisamhd sidiffdretit Bheayh pbespEMdeoad & opanol ;

1,1 20 bis(trifluoronet hylsgl_e%fe(ddfrci)rg%ry,l%@éﬁw&%‘lﬁt hanol ;

1,1-bis(trifluoromethyl)-
2-(bis(3'5" -ditrifluorofms Gy(hHEryd) phosphi no) et hanol ; 1, 1-

bi s(trifluoromethyl)- 2_r§ IZ&E e r ;Bq}ééy henyl ) phosphi no) et hanol ; and
1, 1-bi s(trifl uor onet hyl 8 A @‘.t: épreangﬁltﬁor hL%yl ) phosphi no) et hanol . 25 43
15 m s 2 or 3;

p is 0 or an integer from 1 through 5.

14.  The phosphinoalkanol compound of Claim 11 wherein said
compound is selected from 1-diphenylphosphino-2-propanol; 1,1-

20  Dbis(trifluoromethyl)-2-(diphenylphosphino)-ethanol; 1,1-bis(trifluoromethyl)-
2-(bis(3'5’-ditrifluoromethylphenyl)phosphino)ethanol; 1,1-
bis(trifluoromethyl)-2-(bis(4 -trifluoromethyiphenyl)phosphino)ethanol; and
1,1-bis(trifluoromethyl)-2-(bis(pentafluorophenyl)phosphino)ethanol.
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