(19) 3 =53 H(KR)
(12) =553 FEB1)
(45) Fd=}

(1) 5HE
(24) 544

(51) , Int. CL7
CO9K 11/06

ol

=53] 10-0537621

2005d12€19¢
10-0537621
2005d12¥13¥

(65) a7/ =

(21) =49 = 10-2004-0006592
o (43) &A=

(22) =dd= 20041024024

10-2005-0078472
20051084054

(73) Sl A el

(72) &= o] 4%

ANEF AN B TFHAE13050 A o] $-0} 2 E324-104

7]
YA Z G ST SIS T ol E1425103%

TUAANZETFYEF51019-23403%

A7 =g GA 2 S T9-H5528-2102%
WA S 2o sd ol gl E108F501%

FAAZ DT E 300 A 53 oF 3 E401-906

EORSERI 2]
o]

AAFE : ol e g

FUNBLTLEF693U A A ] 17hoko] 3 E 104-1701

Fo
12



olrt

=53] 10-0537621

= > A ]l Fg 2AE ATt A7) olEE ke s o] 83t
o g L2 {71 HE o] &Sk AT, 2nA Y S $-eta L2 A dge] Thedt 7] A g aAbE
Al ApeE 4 9l

3=

=2

3 AA

=) ke A

12 AR 7] AA S ke R N o R YERd di el Al

E2 57 2129 =172 ZtzF o] AAo 1, AAd 2, AAd 3, Ao 4o uhg} AZH F7] AA TG 22
o 9lo] A, A A BF(electroluminescence: EL) AFEH L& e Zo] a1,

23,58 2132 =18
=

o $lofA, dstel wh

6,211, %16, £ 21, =22 E23 9 & 24 77 By whE 3gE (19), & (33), & (136)2] w4
e Fx, 83E (136)9] #Hol 2 F+x, 313+ (138)9] vWlgved %, 33E (138)¢] #Hlo] 2 ++x ¥ 33&E (142)¢]
B9t (photoluminescence: PL) ~FE &S el Aotk

2o o)) F ke U o] o) ad #7] A W Aol B
S35 Gl 7] AA W A AP HGE L 71 A% Py

AREA QL 7] EL&ARE 718 Aol ol =rF @A o] glaL, o] o= Aol & 55,
Aoz gAuo] e F2E AL At A7 & eET 2ET R AA F

dad kel e 728 2t #7771 ELaAe] - dYe v 2k

A7) s R ALRET o AL A7kaH o
AR Ars 2 ve A45E5S 37
2 AT o) A Eo] of7] Fejol A /1A
ALk ol o /14 e 7t A5G o 14 H (HF
U A }\o

E 553 ARetel $YFel o FHTh A,

Qdojol A Aol Fo] AATs}e] @A Eexiton)
T3] Yy BAT WG GO ol
2 915D Fate] 7|44 e (HF SO0 9D ol A WA
2 Qlgeleta gk BY) A5 %P o714 o) o] 250 (AFF Al 75%)el W WY wEel WA
AL ALEEY AT 75%9} AT o7 AE) 25974 ol §F 4 Yor o BH oL YR FA EE

<[ Ol
o

ol rff
pak

3
=15
=
o)
A



olﬂ

=53] 10-0537621

Neds o8 g A2 2d2Y g8}, JA ] X yof ] shE o A Iridium, platinum &% $}3ES o] &3 of 7
Y ArEo] YxEHL 9}1’/} [Sergey Lamansky etc. norg. Chem., 40, 1704-1711, 2001 and J. Am. Chem. Soc.,

123 4304-4312, 2001]. A A 33 5 += (4,6-F2ppy)2Irpic[Chihaya Adachi etc. Appl. Phys. Lett., 79, 2082-
2084, 2001] o]} & ﬁ:ﬁ}% py e & 7|20 2 &+ Ir 3¢E [ Vladimir V. Grushin etc. Chem. Commun.,
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47145, A, B, Ri-R; R X5= 318H4] 10014 Aol nie} g2,

271 3Feka] 1 A] 3ol A X 53] 47 2o]24 228 #]ZF=(monoanionic, bidentate) H el & 71X ¥, 3}7] 3842 4
2 A HE olAd oA E] o] E(acetylacetonate: acac), AALEFQ 2ol E Y| o] E (hexafluoroacetylacetonate:
hfacac), ¥ &2 o] E(picolinate : pic), &4 o}l d 2| = (salicylanilide :sal), A=H 725 A H ol E
(quinolinecarboxylate: quin), 8—-3}°] =& A] F &= d v o] E(8-hydroxyquinolinate: hquin), L-*%%% (L-proline: L-
pro), 1,5-tve-3-yg}=7t2 B2 g o] E (1,5-dimethyl-3-pyrazole carboxylate: dm3pc), ©] 7lo} A &l o} A E ] o]
E (imineacetylacetonate :imineacac), © ¥l 2 W &k(dibenzoylmethane: dbm), Bl EZH & 3 E}t] 2 U] o] E (tetrametyl
heptandionate: tmd), 1-(2-3}o]| =¥ d) v &}=d o] E (1-(2-hydoxyphenyl) pyrazolate: oppz), ¥4 3 2}=
(phenylpyrazole, ppz)Z o] Fo]3 o2 HH M el H ]},

ECERY

(acac) (hfacac) (tmd) (dbm) (pic) (sal)
A \

B NN N N Ph,
B N N - N N
e Q) :

- ‘0° "o - -

(@) (e} /
00 e (L-pro) ° "
(quin) (oppz) (dm3pc) (imineacac)

53] 7] 3134 2 s 30 % BAH= SEES A7F-C(R)- == -N-°]3L Ry, Ry, Ry7F B $74:0] 3L, Ry& 4,
w7, w5 7], ol 28 7], A SA7], WAl A7), "ok ], Y o]y, dEed], Adr] Sl



Aee W2k FA L& (Electron donating group)e]™, B7} -C(R,)- & -N- O].T_', Rs, Rg R, A& HHA O R 54,

12!}
e |
i, Alober], UERY], &4 B BT vE7|7h A2 WA, EREF e vEr] SelA AdEe dx 34

1% (Electron withdrawing group)©] il

X7} ol E o} H|E| o] E(acetylacetonate: acac), AALEF 2 2 oA EU o] E(hexafluoroacetylacetonate: hfacac), 3
= vl o] E(picolinate : pic), 222 o}d 2] E(salicylanilide :sal), ] =87} 2 82 g o] E(quinoline carboxylate: quin),
8-3to)| == A] F &= @ v] o] E(8-hydroxyquinolinate: hquin), L-Z &% (L-proline: L-pro), 1,5-tHE-3-9 &% 7125
2l g0l E(1,5-dimethyl-3-pyrazolecarboxylate: dm3pc), o] oA EolA E o] E

(imineacetylacetonate :imineacac), T ¥1Z A # € (dibenzoylmethane: dbm), Bl E2}H € & E}r] @ Y] o] E (tetrametyl
heptandionate: tmd), 1-(2-3}o]| =¥ d) v &}=d o] E (1-(2-hydoxyphenyl) pyrazolate: oppz), ¥ d 3 2}=
(phenylpyrazole, ppz) & ©] 5] % w0 Z5-E A el s = Zlo] upgha s},

271 3482 1 WA 3oll4, A7F -C(Ry)- B+ -N-©]aL Ry, Ry, R 7} 44
237], AdSA7], WdSA 7], ol 7], tdolr] 7], 3l E " 7], 7
(Electron donating group)°]™, Bi= -C(R,)—- ®+= -N-°]aL, Ry, R, R 2
EgZFoavdo] X3y HiAl, EYEF R vdo] X35 WA, ETEF LR WY Aee [dat Z417]
(Electron withdrawing group)~ Ak 4= 9},

olafol ], & wee) Ata shgEel o o SFE (19), 32 (33), TR (136), 3L (138), 332 (1429 1)
ANl o AS A, B o] o5 U)E o2 A E AL ohI a17] B 1 W 2% 747} 318k 2 % shet] 30
A=

2 A shefoll the 412 <91 843 o & vEbd ot
7] 3hoka] 29} 3hota] 3] SRS MEEe WY TH| S5 P Q1Y WY Y BARN B AR T BRE
A& ZA g -85k
[E 1]
stet2 No A B R1 R2 R3 R4 R5 R6 R7 X
1 C C H H H H F H H acac
2 C C H H H H F F H acac
3 C C H H H H F F CN acac
4 C C H H Methyl H F H H acac
5 C C H H Methyl H F F H acac
6 C C H H Methyl H F F CN acac
7 C C H H Dimethylamino H F H H acac
8 C C H H Dimethylamino H F F H acac
9 C C H H Pyrrolidine H F H H acac
10 C C H H Pyrrolidine H F F H acac
1 C C H H Pheny | H F H H acac
12 C C H H Pheny | H F F H acac
13 C C H H CH30 H F H H acac
14 C C H H CH30 H F F H acac
15 C C H H H H F H H pic
16 C C H H H H F F H pic
17 C C H H H H F F CN pic
18 C C H H Methy | H F H pic
19 C C H H Methy | H F F pic
20 C C H H Methy | H F F CN pic
21 C C H H Dimethylamino H F H H pic
22 C C H H Dimethylamino H F F H pic
23 C C H H Pyrrolidine H F H H pic
24 C C H H Pyrrolidine H F F H Pic
25 C C H H Pheny | H F H H Pic
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26 Pheny | H Pic
27 C C H H CH30 H F H Pic
28 CH30 H Pic
slet= A B R1 R2 R3 R4 R5 R6 R7 X
29 C C H H H H F H H dm3pc
30 C C H H H H F F H dm3pc
31 C C H H H H F F CN dm3pc
32 C C H H Methyl H F H H dm3pc
33 C C H H Methyl H F F H dm3pc
34 C C H H Methyl H F F CN dm3pc
35 C C H H Dimethylamino H F H H dm3pc
36 C C H H Dimethylamino H F F H dm3pc
37 C C H H Pyrrolidine H F H H dm3pc
38 C C H H Pyrrolidine H F F H dm3pc
39 C C H H Pheny| H F H H dm3pc
40 C C H H Pheny | H F F H dm3pc
41 C C H H CH30 H F H H dm3pc
42 C C H H CH30 H F F H dm2pc
43 C C H H H H F H H ppz
44 C C H H H H F F H ppz
45 C C H H H H F F CN ppz
46 C C H H Methy | H F H H ppz
47 C C H H Methyl H F F H ppz
48 C C H H Methy | H F F CN ppz
49 C C H H Dimethylamino H F H H ppz
50 C C H H Dimethylamino H F F H ppz
51 C C H H Pyrrolidine H F H H ppz
52 C C H H Pyrrolidine H F F H ppz
53 C C H H Pheny| H F H H ppz
54 C C H H Pheny| H F F H ppz
55 C C H H CH30 H F H H ppz
56 C C H H CH30 H F F H ppz
g= A B R1 R2 R3 R4 R5 R6 X
57 C N H H H H F H acac
58 C N H H H H H F acac
59 C N H H H H F F acac
60 C N H H Methy | H F H acac
61 C N H H Methy | H H F acac
62 C N H H Methy | H F F acac
63 C N H H Dimethylamino H F H acac
64 C N H H Dimethylamino H F F acac
65 C N H H Pyrrolidine H F H acac
66 C N H H Pyrrolidine H F F acac
67 C N H H Pheny| H F H acac
68 C N H H Pheny | H F F acac
69 C N H H CH30 H F H acac
70 C N H H CH30 H F F acac
71 C N H H H H F H pic
72 C N H H H H F F pic
73 C N H H H H F H pic
74 C N H H Methyl H F F pic
75 C N H H Methyl H F H pic
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C N H H Methyl H F F pic
C N H H Dimethylamino H F H pic
C N H H Dimethylamino H F F pic
C N H H Pyrrolidine H F H pic
C N H H Pyrrolidine H F F pic
C N H H Pheny| H F H pic
C N H H Pheny| H F F pic
C N H H CH30 H F H pic
C N H H CH30 H F F pic
=) A B R1 R2 R3 R4 R5 R6 X
C N H H H H F H dm3pc
C N H H H H H F dm3pc
C N H H H H F F dm3pc
C N H H Methyl H F H dm3pc
C N H H Methyl H H F dm3pc
C N H H Methyl H F F dm3pc
C N H H Dimethylamino H F H dm3pc
C N H H Dimethylamino H F F dm3pc
C N H H Pyrrolidine H F H dm3pc
C N H H Pyrrolidine H F F dm3pc
C N H H Pheny| H F H dm3pc
C N H H Pheny | H F F dm3pc
C N H H CH30 H F H dm3pc
C N H H CH30 H F F dm2pc
C N H H H H F H ppz
C N H H H H F F ppz
C N H H H H F H ppz
C N H H Methyl H F F ppz
C N H H Methyl H F H ppz
C N H H Methyl H F F ppz
C N H H Dimethylamino H F H ppz
C N H H Dimethylamino H F F ppz
C N H H Pyrrolidine H F H ppz
C N H H Pyrrolidine H F F ppz
C N H H Pheny| H F H ppz
C N H H Pheny| H F F ppz
C N H H CH30 H F H ppz
C N H H CH30 H F F ppz
A B R1 R2 R3 R5 R6 R7 X
N C H H H F H H acac
N C H H H F F H acac
N C H H H F F CN acac
N C H H H F H H pic
N C H H H F F H pic
N C H H H F F CN pic
N C H H H F H H dm3pc
N C H H H F F H dm3pc
N C H H H F F CN dm3pc
N C H H H F H H ppz
N C H H H F F H ppz
N C H H H F F CN ppz
R1 R2 R3 R4 R5 R6 X
H H H H H H pic




=
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126 C N H H H H F H pic
127 C N H H H H H F pic
128 C N H H H H F F pic
129 C N H H H H F CN pic
130 C N H H H H H H ppz
131 C N H H H H F H ppz
132 C N H H H H H F ppz
133 C N H H H H F F ppz
134 C N H H H H F CN ppz

% 2]

31812 No| A | R1 | R R3 R4 RS R6 R7
135 C C H H H H F H H
136 C C H H H H F F H
137 C C H H H H F F CN
138 C C H H Methyl H F H H
139 C C H H Methyl H F F H
140 C C H H Methyl H F F CN
141 C C H H Dimethylamino H F H H
142 C C H H Dimethylamino H F F H
143 C C H H Pyrrolidine H F H H
144 C C H H Pyrrolidine H F F H
145 C C H H Pheny | H F H H
146 C C H H Pheny | H F F H
147 C C H H CH30 H F H H
148 C C H H CH30 H F F H
149 C C H H H H F H H
150 C C H H H H F F H
151 C C H H H H F F CN
152 C C H H Methy | H F H H
153 C C H H Methy | H F F H
154 C C H H Methyl H F F CN
165 C C H H Dimethylamino H F H H
156 C C H H Dimethylamino H F F H
157 C C H H Pyrrolidine H F H H
158 C C H H Pyrrolidine H F F H
159 C C H H Pheny | H F H H
160 C C H H Pheny | H F F H
161 C C H H CH30 H F H H
162 C C H H CH30 H F F H

3t&E No A B R1 R2 R3 R4 R5 R6
163 C N H H H H F H
164 C N H H H H H F
165 C N H H H H F F
166 C N H H Methyl H F H
167 C N H H Methyl H H F
168 C N H H Methyl H F F
169 C N H H Dimethylamino H F H
170 C N H H Dimethylamino H F F
171 C N H H Pyrrolidine H F H
172 C N H H Pyrrolidine H F F
173 C N H H Pheny| H F H
174 C N H H Pheny | H F F
175 C N H H CH30 H F H
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7] seta] 19 setEo]l BRER AR E A4, olf B3 s 58] Al HA o SAEL ERES 3
100 S50l tisto] 1 A 20 TFF-=2 AHE3Th 2335 9o & B2ASol s S Uy, £e 23 29 Yie=
A Ebeks PG ojmf ALEE = & ERA B S AdEAE dov A FF 5EHE /A B g E
W} 52 o] 23t X/ S Jhx of tn thE A 0% Balg, BCP, TPBIG o] AM&-€th & B2 F gl A4 #8535 »
T A e 23 29 e e S A A £E5F AREAE 58 ATHAE 2 Alg3E ©f
dl S flell A FdFol A2 ¢ er o= 5| ARE AFsA Gtk A S

A, AR FYT G AARE & w5S AT d5Fe AAE A58 AT 2ZH {7] EL 2471 8444
th A7 AAE A& 5502 ZEWLD, vtadlEMg), &F1H(AD, 51 5-2F(Al-L), Z%(Ca), vl
F-FMg-In), PF2dlF-(Mg-Ag) T°] o] &8t} =3 A w33 42215 A7) 93te] 1TO, [Z0E AFE-3 =313 7)
AEEAEE g Aok U f§7] AALG A ol A, EFYT, ST, UET, & 2EAS, A
T, AAFY T, MAs AT ool w3 T £ 259 S5S U e AX 7Hssitt oA Aggk 5 £l
T AR EE2ASE A= S

[QFS-2] 2]
. B(OH),
S F
| LDA _  B(OMe); N
N~ > > |
N__~
F
F
@& B-1)
B(OH), | N
F R | X Pd(PPh3)4, K2003‘ Z
N' P * N THF/H,0, 80°C F N
£ Br N~
F
B-1 (1)
B-1) (1)

1) =74 (D-1)¢] &4

fe g gl 2 (50mL)ell LDA (Lithium diisopropylamide) 6.0mL (12.0mmol)& A 7}slaL -78TColl A vy Z 2238y

0.91mL (10.0mmoD< & W& H7hek & 1A 7 5t awdkalgitt. o] 3¢ Evg e o]E 1.4mL (12.5mmol)

E FA7Vela 22 A0 ¥ T A7 Bot ke o).

%, 5% FASIYEF 89 (20mL)S H7tstal 8 AS5S 3N A 8 Ao 2 F3A T o] E
< dgolAH ol E 20mLE 3¥ FE3 T, 2ok {7158 ntavls Ao ERE [xetal &

alo] Aol ARES AFst A Azt 2744 (B-1)2 A nA = 1.03g (& 65%) A ).

18mLell =21 § HEZ/|2Eg i d X235 (200mg, 0.18mmol)& F-7+akar K,CO, (2.48g, 17.9mmol)E 10mL

Fopel 3591 58 9L BAFSka 75°CA A 12413F wkstgich, o7l EFRE o DolHlolE 10mL 4 39 2
&, mobtl 715 miavl o 22 st §u)E Fuste] ol AR ES A A AzvkEIA

2 27 gAlste] 338 (D-1)E 544mg (58 88%) At 83HE (D-1)¢] 72+ 'H NMRZ &918 it}

_12_
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'H NMR (CDCl,, 400MHz) 6(ppm) 8.68-8.62 (m, 1H), 8.57 (d, J=5.12Hz, 1H), 7.67 (s, 1H), 7.13 (d, J=4.96Hz,
1H), 6.98-6.95 (m, 1H), 2.44 (s, 3H)

2) =74 (E-1)9] $+4
Z 74 (D-1) 2.0g (9.70mmol)S 2-o| &) o §+-8- 45mL.ol| *50]aL 1
15mLS 3718k § 120°Coll A 24A17F wntslict, 7] wkgo] SAH & uhg SFgES 20 A3a JHE

22 QojFaL st A Axsto] FHA (E-1) 1.30ge LA

Ao 2. stet= (19)°] §H4

[ [ N
N cl ZN ’\l Z
Ir/ picolinic acid, 3N NaOH Ir/
- F
F | X 2-ethoxyethanol | X \O o)
N~ 120°C, 5hr N~
F 2 2 F 2 StErE (19)

E1

=74 (E-1) 300mg (0.47mmol), ¥ ZFH A picolinic acid) 174mg (1.41mmol) & 3N NaOH 48N 0.24mL
0.

71mmol)S 2-o| FAJ &0l o]l 120°Cel A 5AIF watalglnt, A7) vhg EFE2 5 2-o| EAJ&-&& T
7O 2R e $9 F FRFE AR 47152 v aAvc ER Axea S St ol

FES AAARoZ AASte] 33E (19)2 230mg (58 68%) AATh 313HE (19)9] Fx2+= 'H-NMR=Z 213151t}

~

>

'H NMR (CDClg, 400MHz) 6(ppm) 8.58 (d, J=6.04Hz, 1H), 8.36(d, J=7.72Hz, 1H), 8.14 (s, 1H), 8.08 (s,1H), 8.01

(dd, J=7.68,7.72Hz, 1H), 7.77 (d, J=5.52Hz, 1H), 7.49 (dd, J=6.80,6.20Hz, 1H), 7.25 (s, 1H), 7.129 (d,]J=5.84Hz,
1H), 6.91 (d, J=5.32Hz, 1H), 5.84 (s, 1H), 5.57 (s, 1H), 2.61 (s,3H), 2.60 (s,3H)

Ao 3. et (33)°] ¢t

[ DI
#NJ _ci|  dmspc, 3N NaOH =N N
Ir > Ir
F i 2 2-ethoxyethanol F I AN o o
No 120°C, 5hr N.
L F o2 2 L F o2 3182 (33)

(E-1)

74 (E-1) 700mg (0.911mmol), dm3pc (1,5-tHE-1H-3&&-3-7} 25824k 1,5-dimethyl-1/~pyrazole—-3-

carboxylic acid) 383mg (2.73mmol) 2 3N NaOH & 0.46mL (1.37mmol) & 29| & A|of| EL-L-o]] =0] 31 1200Ce]| A]
S5A1ZE skl Tt A7) “}OO] HAH & Wb S EEHE 2-d A ESS A ] tEz=2veos 53 %
THITZ AT {F75S vl d o ER Axeta & SEsle] o IAF{ES AZ A5 e (33)&

620mg (5% 92%) At} 813E (33)9] -5+ 'H-NMRZ 213}9lt}.
"H NMR (CDCly, 400MHz) & (ppm) 8.63 (d, J=5.84Hz, 1H), 8.11 (s, 2H), 7.41 (d, J=5.88Hz, 1H), 7.17 (d,

J=5.52Hz, 1H), 6.98 (d, J=5.12Hz, 1H), 6.60 (s, 1H), 5.86 (s, 1H), 5.45 (s, 1H), 3.14 (s, 3H), 2.65 (s, 3H), 2.61 (s,
3H), 2.32 (s, 3H)
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_N
NN [ PA(PPhs)4, KoCO
| + ZN — %23 F
N~ THF/H,0, 80°C 7
Br %
F
(B-1) (c-2) F
(D-2)
A7) Aol whel A& F74A (B-1) 570mg (3.587mmol), 2-B 223 &Y (C-2) 0.4mL (3.0mmol)S THF 18mLell =
ol & HE#Y Z:EFJ Hdx2A23eE (200mg, 0.18mmol)& F-7FskaL K,CO, (2.48g, 17.9mmol)E 10mLe] &7
o 359l S gol g kaha 75°Cel A 12417F wkstadrh. ol R EgES o FokAElo]E 10mL 4 3¥ 5@ the, B
obd 715 % bl GOl E R Azt SulE Suael Qojd ARES e A9 Aweie o2 pel 4

[¢] o
T =
Alzte] 238 (D-2)% 520mg (=& 90%) ASith. 85 (D-2)9] T2+ 'H NMRE 13l

'H NMR (CDCl,, 400MHz) 6(ppm) 7.30-7.10(m, 2H), 7.86-7.85(m, 1H), 7.82-7.80(m, 1H), 7.35-7.26(m, 1H),
7.00-6.97(m, 1H)

stAld 5. 31stE (136) M8 vl Y (meridional) 22| $H4

X x
| _N . l _N
Ir(acac)s/140°C
F N glycerol F N Ir
N~ N~ 3
F F
(D-2) 382 (136)

A 2o FE] M E(glycerol,10mL)ol] A4S F 351 30837F 2Hk3HE . 100mg 9] o8] & oMol EY o] E
(Ir(acac)y, 0.2mmol) 9} 7] &4 3 sHg& —2(940mg, 0.6mmol)S ¥ i1 140°Col| A 24A17F A= 71D 3}y nluksic),

S $5 & 55 3 7}0}011 o 35te] AF}ES A7 T =2 D2 (n-Hexane) & 2 A=t} o a# g @ (Methylene
chloride)o.2 =21 & Z& I 2l E 19 & 53| ‘:}’\] SHH AASE $ 3 Bkl 3AIZF A fxzete] A=t gt
= (136)9 W gt] 2 F(meridional) 7% 9] &< 30%°|t}.

'H NMR (CDClg, 400MHz) & (ppm) 8.0(d, J=8.24Hz, 1H), 8.31-8.27(m, 2H), 7.97(d, J=5.68Hz, 1H), 7.92(d,

J=5.32Hz, 1H), 7.87(m, 1H), 7.80-7.78(m, 2H), 7.47(d, J=5.16Hz, 1H), 7.13(m, 1H), 7.02-6.97(m, 2H), 6.33(m,
1H), 5.92(m, 1H, 5.70(s, 1H)

stAld 6. 313HE (136) Aol d(facial) Tx 2] A

AEllA A E(glycerol, I0mL)oll A28 F 80| 303 wHFEF. 100mg 2] ol )& oM oA R0 E
(Ir(acac)s, 0.2mmol) ¢+ 7] 34 ¢ 3+t D-2(940mg, 0.6mmoD)& ¥ i 180- 2ooocww 2473 AL 7Fd sk wwk

ok, Hb-g $ 85§ S22 HUkete] oFsle] 23ES 717 F 2@ (n-Hexane) &2 A=t} S3tugl
(Methylene chloride) &2 =91 & Zt3 2ulE 03] & 53 thA] oHH A S & 33 ngs}oﬂ 3AZF A= A28}
A=t} 33HE (136)9] # 8 v] 2 Y (meridional) 739 &< 20%°]t}.

l

'H NMR (CDCl,, 400MHz) & (ppm) 8.37(d, J=8.24Hz, 1H), 7.86(m, 1H), 7.46-7.45(m, 1H), 7.13-7.09(m, 1H),
6.21(m, 1H)

stAld 7. 31sHE (138) W8 vl Y (meridional) 22| $H4
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Ir(acac)s/140°C N
F N glycerol F N Ir
N __~ N~ 3
F F
(D-1) 31812 (138)

4719 B (136)9] Mt ed T2 S0 598 PO Sk 582 30%°]th.

'H NMR (CDCl,, 400MHz) & (ppm) 8.17(s, 1H),8.08(s, 1H), 8.06(s, 1H), 7.76(d, J=5.88Hz, 1H), 7.72(d, J=5.64Hz,

1H), 7.30(d, J=6.04, 1H), 6.91(d, J=5.52, 1H), 6.79-6.76(m, 2H), 6.31(m, 1H), 5.93(m,1H), 5.73(s, 1H), 2.51(m,
9H)

stAld 8. 313HE (138) Aol H(facial) Tx 2] A

719 g (136)9] Aol & A Tdd o Al &S 20%°]H
"H NMR (CDCl,, 400MHz) & (ppm) 8.14(s, 1H), 7.30(d, J=5.68Hz, 1H), 6.90(d, J=4.76Hz, 11D), 2.50(s, 3H)

d el 9. F3HAl (D-3)¢] 34

/N
B(OH), /,L “ L)
F I A . \Q\‘ Pd(PPh3)4, chOg F
o ) \
N~ THF/H0, 80°C I
Br N __~
F
(8-1) (C-3) F
(D-3)
A7) HA e whel 9 =744 (B-1) 570mg (3.587mmol), 2-H 2232 (C-3) 0.4mL (3.0mmol)S THF 18mLe] =
 F HEZV2EdAdE~AE e (200mg, 0.18mmol)& F7}38kiL K,CO, (2.48g, 17.9mmoDE 10mLo| &7
o =l F=8MNG BIlstar 75°Co A 12417 ksl it). oA E8HES o dol A o] E 10mL & 3 F&3 v, &
ol F7|5 S vty ER AZet SulE FSE3ste] Aofx i%” A7t A9 a=2vteagd 2 £ A
Alste] g5HE (D-3)F 635mg (578 90%) ¥t sh5t= (D-3)¢] ++2& % 'H NMR=Z g1&}3it).

'H NMR (CDClg, 400MHz) & (ppm) 8.64-8.58(m, 1H), 8.31(d, J=6.04Hz, 1H), 7.04(s, 1H), 6.94(m, 1H), 6.50(m,
1H), 3.06(s, 6H)

Sd el 10. stet= (142) wleld > (meridional) 7% o] $A4

N | _N
| ~-N
Ir(acac)z/140°C
Ir
F N glycerol F N
N~ N~ 3
F F
(D-3) B2 (142)

&719) shgh= (136)9] vigly2d 72 943 add i o it 82 30%°It.
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'H NMR (CDCl,, 400MHz) 6(ppm) 7.50(m, 1H), 7.44-7.41(m, 4H), 7.11(d, J=6.6Hz, 1H), 6.33(m, 1H), 6.22(m,
1H), 6.17(m, 1H), 6.13(m, 1H), 6.06(m, 1H), 5.89(s, 1H), 3.10(m, 18H)

AR 1, 7] A g Aol A A

9 (corning) 15Q/cm? (1200A) ITO §2] 7]#< 50mm x 50mm x 0.7mm=L7]| & Ze}r] o] A2Z2H o583} &45
Sro| Al ZF 5 Tt 29 Mgk & 307 B¢t UV @ & AAdste] ARgsksitl 47] 1ITO #8713 4o IDE406(°1
A2 IAADE JF F28te] SFUSE 600A FAZ FA3FSIT) olojA] A7) & YT AdF-ofl IDE320(e] djw] 2
D E 300AS] AL AT FA0| & P43kt 19} ol & 4452 YT F, B T 55 Y °ﬂ

(e}
= o = [¢]
W= S AER SDI-BH-23 95 59} ERAE R 3}3E(19) 5 THFE AF 352 (co-deposition)dte] 300A ¢
FAR HFSE FASI

1 & A7) wrgE o] BalgE WF Z#38e] 50A F79] & 22 %)= (Hole Blocking Layer) S 32335131t} o] o)A
A7 & BREAZT AN Algy g JF FE8ke] 200A FA 9 AR FEFS AU o] AR FEF 4N LiFE 7
T TA8H] 10A FAR AR FUFS AL, o] A FYF 450l AlS 3000A FAR g S8t AL=E 3
Ao = 1o =AIE ke 22 f7] AA EH% 2AE Az skl

71 7] AA T ko) g 54 B e 5AS 2ASESIAL, T A ks = 2 WA 5ol YERd vkel

T oA 52 Hxshd, &7 AA @ A= AE A 7V (o] AEUE 4 9mA/ecm) oA B 3] % 101cd/m?, ot
&8 2.0cd/A, MHE (0.171, 0.203)% M EAJo] k5 3k F A ukgo] Aol A

5, A7) 3FE (198 CHyCL, © 0.02mM ¥ =2 %84 370nme] UVE ZAMste] PL 2HAEJS g3l 1 4
W= & 6ol Ve vhep 2.

=65 sk, BghE (19)= o 441nmoll A Hdf 3-S5 B2egint (=1 6). o uf PL A Ed o] MEini= NTSC 4
23 Aol A CIE(x,y) © (0.144, 0.127) & LAt

A 2, 7] A vk Aol A%

S A B (19) A sheke (33)3 AHEE A S AlQletars, AAle 13 53
A g A4S Azt

o
gg
ok,
e
=2
=)
&
i
>
0
ol
£
o
N
[

A7) AN e 2o ek A EE F7) A B Aol ol W B4 9 AeE 54 2AST, 1 AT E 7 WA

106l tpeRc s} 7},

=7 UA 105 sk, A Ao 20 f7] WA R Ak A5 A9 7.5V (o u A5
131cd/m?, ¥4 &8 1.9cd/A, M 3E (0.169, 0.208) % % EAo] 3

g 7] 3EE (33)% CHyClyell 0.02mM %2 3384 370nme] UVE ZAFste] PL 23 ERS SA8H903, 1 2
H= = 110l YEbd vhe 2o

E 1S el o, e (33)2 443nmell A Ao s st o] W PL ~# ER o] AlE
o A CIE(x,y) : 0.144, 0.1355 4t}

ki
rlr
Z,
O
1=
LY

“
el

A 3. 7] AA g Axpo] A%

W= FA A s (19) Al 335 (136)9] W2t 2 Y (meridional) 7328 AFR3 A2 AQ5taes, 244 139 5
A g ol mel AAlste] f7] A g s Al 2SS
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F7) A el 3ol whek AlzE 7] AA R el QlolA, g 54 B A S-S 2AFSRRlAL, O Ak B 7 A

106l tpech s} ).

12 U] 15 #x3bH, A d 39 §7] A wg 2xb= A5F A 9.5V (o] AFUE 12.2mA/cm?)ol A 234 3]
140cd/m?, 233 &8 1.1cd/A, MFE (0.214, 0.30D) 2 v EAo] k5 at A uwhgo] Aol 5

T35, A7) 39E (136)9] Helted #2325 CH,ClLel 0.02mM 5% 2 %34 370nme] UVE £A}ste] PL ~9|EH
S S, 1 Ads = 1600 HER whe} ek

%162 222 ), 35HE (1369 Wt e PR 4dinmol A A 23L w2 o] o PL 27 Ege] M
=5 NTSC Az Aol A CIE(x,y) : 0.145, 0.124 & 43}

A 4, 7] AA g Axpo] A%

A SEE (19) A BFE (136)9) Aol 8 T2E AHF AL A s, AAd 13 FA Pl whet
Aol f7] QA W aAE Az

(=
ol
o[}lr

7] A e 4ol mhEf Al z2E f7] DA GG A QlojA, g B D e BEAS AR AL, O A = 7 UA

100l vheR upo} 2,

T 17 UR 208 #xEhH, A 49 §7] DA wg b= AHF A 7.5V (oW AFUE 7.3mA/cm?) el A 2 3]
T 104cd/m2, 233 &8 1.4cd/A, MAE (0.193, 0.216) % =% EAJo] ka3t JA wgo] Ao},

T 218 FxSE v, 3135 (136)9 o] T2+ 438nmoll A H o) B3-S At o] W) PL A9 EHo] MEr =
NTSC A& 7Z AN A CIE(x,y) : 0.146, 0.115 & EMD}

AA Y 5, PLAAEH] =X

&7) 3h§hE (138)9] wlEt e %Z CH,CLel 0.02mM 5 =2 5384 370nme] UVE ZA}ste] PL A9 E# S 54
shalar, 71 €4L¢2%%w4 }%%4.

22% FxdE u, e (138) vigjt] od 2= 440nmell A Hof g B2aelch o] uf PL 2% Bl o] A¢
= NTSC Mz Z A A CIE(x,y) : 0.147, 0.125 & <43t}

nszr

7] BFE (138)9] Hold F+25 CH,CLol 0.02mM ¥ %= H3]4 370nme] UVE ZAMete] PL AHE-AS 57519
i, 2 Ak = 2300 vebd vpe} o

L= 235 FxdE ), 3h3HE (138)9] #Ho|d F 2= 4

<] 40nmoll Al Z o] @¢F-8 B35} o] u] PL AFEH ] MFE=
NTSC A=Al A CIE(x,y) : 0.146, 0.122 & 43t}

AN 6] 7, PL 2o Ee] 27

47 3gE (142)9 vlgved +25 CHClel 0.02mM 5%2 %34 370nme] UVE ZA}sle] PL A9 E#H S 54

AL, 1 Ay 240 VERd ble) 2ok
5248 FxIE o, 315 (142)9 Wty 2= 448nmol A H o &3-S #2519t} o] o PL AFE o] Mg
=+ NTSC A= 3E Aol A CIE(x,y) : 0.148, 0.138 = LAt}
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37 1L
at7] sheba] 1= FA 5= olelF sheha

[3}sh4] 1]

/ Sir—x),

4714 %, A ~C(R,)- B ~N-o]1],

BE -C(R,)- i -N-o]n,

R, ~ R, = 72 4o 54 A}, Alopi], sto|=5A17], UERY], &2 Az}, 2] gk = v x| gk C1-C20 &
A7), A% = v X8 C1-C20 L3417, A8 = v X3 C6-C20 o2 7], 2% B v x| $ke C7-C20 o}F <7
7], X3k = v X35 C2-C20 ¢ A=A 7], X3 = ) @EJ C7-C20 0}%%}5:%71, 28k == v = 3E C6-C20
oldolu 7], X3k = B 2| 3kE C1-C20 &Zolv 7], X3+ = v 2| 3kH C6-C20 oFHolv| 7] & 2|3 = H]
A| el C2-C20 Sl = a1e] 71, Ry ~R,5 A BE 774 o)) 2187, R, ¢ Ry, Ry 9 Re& A= AZH o] X3tel e

Exstd SHE g s A,

3T 2.

A 18kel Qo) A, A7) X7} o ol A E ] o] E(acetylacetonate: acac), AAEZF 2 ZoA|EY|o| E
(hexafluoroacetylacetonate: hfacac), ¥ =2 vlo] E(picolinate : pic), 2] Aold 2] =(salicylanilide :sal), F=HIIE
219 o] E (quinolinecarboxylate: quin), 8-3Fo] =& A H &= @l v o] E(8-hydroxyquinolinate: hquin), L-ZZH(L-
proline: L-pro), 1,5-TlH€-3-3]g}Z71 2 &2 g o] E(1,5-dimethyl-3-pyrazolecarboxylate: dm3pc), o] o}A| € o}
M E o] E(imineacetylacetonate :imineacac), Tl ¥l Z <Y # gk(dibenzoylmethane: dbm), Bl E&H € g Elt] 2 o] E
(tetrametyl heptandionate: tmd), 1-(2-8}o] =& A #d) y]2}Z& 4| o] E (1-(2-hydoxyphenyl) pyrazolate: oppz), ¥ d
3] 2}Z&(phenylpyrazole, ppz)® |73 Lo 2R HE = S 5H 07 o+ olgw 3=
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37 3.

A1l glo1 A, 47 A% -C(R)- = -N-0] 3L R}, Ry, R, 7} 0] 31, Ry & 52, @], WS A7), o] 2287,
A

A7), WlESA 7], ol 7], o doeln| 7], 3 & d d7)Fol A Aele AAF7121F (Electron
donating group)el™, B7} -C(R,)- B -N-°]iL, Ry, R, R, & F4, &4, Alope7], HERY], &4 £ EgEFL
Ao

=
=g 7|7} A g WAl EYEFervd ]Sl AdEe dAdA 1 (Electron withdrawing group)§l 218 574
= sk ol g s
AT 4
Aol AAA, 7] 8§E] 517 3ot 22 BAIE = AE SR 5 oldlF IE.

ELRE)

> 1 —x

A8 F, A7 -C(R)- = -N-°]aL R}, Ry, R, 7F 25 F40]aL, Ry 24, w9 7], WlHA7], o] AZ2d 7], Hd %
A7), A S A 7], g el 7], gudoln| 7], 3 &g 7], dd 7oA AeE A7 15 (Electron donating
group)e|™, B7} ~C(R;)- ¥ -N-°]iL, Ry, Rg, R, & A2 5HA 02 4 Ba Aojiery] UERY], B4 e Ef
SFe2WErI7 X EE dAl, EYEFe2HEr|FolA AeHE AAd7 15 (Electron withdrawing group)®] aL,
X7} ol € ol Al E | o] E(acetylacetonate: acac), ANAFZFQ Z ol E] o] E(hexafluoroacetylacetonate: hfacac), ¥
=& vlo] E(picolinate : pic), Ag]do}d 2] =(salicylanilide :sal), ] =72 82 g o] E(quinolinecarboxylate: quin),
8-38to| =& A1 9] &= ¢l v o] E(8-hydroxyquinolinate: hquin), L-*2%#(L-proline: L-pro), 1,5-t W& -3-7&}&7 25
2l go] E(1,5-dimethyl-3-pyrazolecarboxylate: dm3pc), o] W ol EolA EY| o] E

(imineacetylacetonate :imineacac), Tl ¥l Z A W g (dibenzoylmethane: dbm), HlEZ}H & FE}T] 2 Y| o] E (tetrametyl

heptandionate: tmd), 1-(2-3fo]| =& A #d) 3] g}Z ¢ o] E (1-(2-hydoxyphenyl) pyrazolate: oppz), ¥4 ¥ &}
(phenylpyrazole, ppz) = o] Fo Xl o 2 HE He g},

3T% 5.
Aol YOI, 27] shgmol al7] SHehA 308 BAEE AL SY 0 a1 ol F S

[3}sh4] 3]
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5~ |

7145, A7F -C(R)- H= -N-°]iL R, Ry, Ry7} B F=40] 3L

o
A71 S A7), g etn] 7], Hedotn) ], s Ee ], dd7] FellA AEE x5 A 7L (Electron donating
group)°|™, B7} ~C(Ry)~ B3= -N-0]3L, Ry, Rg, R & A2 SHA R 4, &4, Alotley], HERY], 84 B EY

Z2o2vWgr7l X33 WA, EYZF 2HE ]S Aely A2 18 (Electron withdrawing group)©] iL,

X7} ol El o} M| E ] o] E(acetylacetonate: acac), ALEFQ 2ol E | o] E(hexafluoroacetylacetonate: hfacac), 3
=& vo] E(picolinate : pic), 2] A o}d 2] =(salicylanilide :sal), ] =72 82 g o] E(quinolinecarboxylate: quin),
8-3to] == A F &= ¢ v] o] E(8-hydroxyquinolinate: hquin), L-ZZ%(I.-proline: L-pro), 1,5-T/HE-3-9&Z7}2 &
2l g o] E(1,5-dimethyl-3-pyrazolecarboxylate: dm3pc), ©] F o} & o} Al E Y] o] E (imineacac), T ¥l 2 o gt
(dibenzoylmethane: dbm), Bl E &} & FE}r] ¢ Y] o] E(tetrametylheptandionate: tmd), 1-(2-sfo]| EE2AH D) 9] &} =
gl o] E(1-(2-hydoxyphenyl)pyrazolate:oppz), 3| 'd 3| 2}Z (phenylpyrazole, ppz)Z ©]Fo]% F o 2 H A el H ],

o
-

% 6.

g o] d=Abolel @48 fr719S 238k 7] AA &g kel lol A, 371 f71%e] A1d WA A5FT of = g
Foll W2 olelg S ek AS SR sk #7] dA 2 2

AT

A6l ol A, 71 fr71ete] g AL SH SR oh= 7] WA G 24
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=]
M=
EIL
ETL
HEL
EML 3AE + GHE
HTL
HIL
=
7=t
T2
0,004
~ 0,003 i
= 0.0025 1\
== 002 \
— 0,0015 T
= 0081
00,0005
[:I 1 1
300 A00 R0 00 T00 200
o = {nm)
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1400
1200
§1DDD
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H
_ GO0
F
400
200
]
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