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2, HeEELN, N, 0, S % SizZHy Adgd s} oS Xgdsles 59 WA 699 dHZAEFZE,
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H 2ol o]a,;
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(C1-C60) LA 7FR T, (C1-C60)LA7IR T, (C6-C60)olA7tR Y, FIE2EA, Yo|ER L do]=EA o] AL},
Rt Raz, Rt Ris, Rpo®k Ruo, Rtk Rip 2 Ru®t Rsv §F L E EF8HAV 23elA] &+ (C3-060)&Z A =

= (B-Cen)gAdA e Adro] X5 2] g ddd £= vdhe] B3H 18 E 3

oﬁt
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Li B L9 ofddll = el Zebddl H Ary, Ary R Ry WA Rs®l &4, o, dHzeold, su=Aszdd

e L L e T e i s
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X8k (C3-C60)slEH|Zotd, REex, EeRZYy, N, 0, S % SiZFH Aus s ods ¢3sE 54
W7 699 sHZAZRL, (C3-C60)AEF2LZ, EF(C1-060)LA A=, t](C1-C60) L (C6-C60)oF2 21 |
EF(C6-C60)otE A, oltpvtd, (C7-C60)vtel A E=24Z, (C2-C60)LAd, (C2-C60)&71d, bbA (C1-
C60)dZolu| = (C6-C60)oldoln =, (C6-C60)eFE(C1-C60)2Z, (C1-C60)LA-%A], (C1-C60)LAE S, (C6-
C60)etd S A], @6%m43ﬂ+,@k%m“iﬂﬂié,@k%m%ﬁﬂié,@&%mﬂ%ﬂﬂé,ﬂééé,
U ER T Slo|ESA|Z5E Aud sl oj4fo] o Xgd 4 glom;

ax= 0 WA 4 9] Aol ]

471 Ary, Ary 2R WA RS AR SEACR 4, T4, 2FE, ZEE, WY, dY, n-22d, -2
€
=4

29, 74, i-5g, -3, 94, i-4", -3, WY, -S4, 2-EIA, n-d, HA, =4

e, A, EgEFeEvd, HEFe2dY, EfEFoZdY, HEFeaxzd HIFoENY v
A, GEA, n-ZREA]-EZREIA] p-R5A]L SRS (RS, -5, i-HS5A, n-S A S A, n-F)
A, AEREZIEd, AFRFY, ANSRAYE, ASREd, AMFEJY, ANFRSY, ANERRd, AR,
2EYw, HowEEs, I, HenEdd, EguEdd, Efdudd, Edzzddld, Ef(-F
DA, -FEuvEdd, yvdHddd, Eﬂ-ﬁﬂ‘é”‘é, X2 2[2.2.1]189, HeXER([2.2.2]54,
HROIAI S 2[3.2.1]159, vl 2 R2[5.2.0]%4, vlolA[FR[4.2.2]H4, vl SR2[2.2.2]59, 4-ddn}o]A
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B (C7-C60)rfol A EF 2 | (C2-C60) LA, (C2-C60)L71d, Aotk, (C1-C60)LZAolm =, (C6-C60)oFH o}
"=, (06-C60)oFE(C1-060)2, (C1-C60) 4 ASA], (C1-C60) LA E L, (C6-C60)oFH=2A], (C6-C60)otHE] S,
(C1-C60) LA 7FR T, (C1-C60)LA7IR T, (C6-C60)otAItR Y, 712 HA, Yo]ER L do]|=EAojn;
Ly 2 Lpe AE Sy-om steddol 7y, ((6-C60)old#ll L= (C3-C60) el Zoldello)ar, A7) Ly 2 Ly
o] ofHdA E FHRolHAL F44, TR, (C1-C60)LZ, ((6-C60)otH, (C3-C60)3H| 2ol , REa
EloEZEx, N, 0, S ¥ SiZFE Mg sk oS Eslele 59 UA 699 FEHEAZELEZ, (C3-
CeOAIEZLZ, EF(C1-C60)¢Zad, t(C1-C60) L7 (C6-C60)otE A, E(C6-C60)otddd, ojrfnid,
(C7-C60)mFol A ZF 2 (C2-C60)2 AL, (C2-C60)271d, Alolx, (C1-C60)LZoln =, (C6-C60)o}H olm]
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2 EYHHORE F4, T4, T2, (C1-060)LZ, (C6-C60)oFd, (C3-C60)3e|Zo}d, &
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247, (C6-C60)otd, (C4-Ce0)slElZotd, =271, Alolx, EF(CI-C60)LZAY, T(C1-C60)L¢Z(C6-
C60)otd A ®i= EF(06-C60) ot AHR o] Fol A= Tl AEs = st o] A&7F o A& 5 3l
o,

Rigs WA R A2 SHACR 4, T4, (C1-060)22, (C1-C60)LAEA, =4, (C4-C60)3) ] ZotH

(C5-C6MAI 2L T (C6-C60)oFHolm, 7] Riy WA Ried] SHZOIE, AEF2U7 e o

o] AFE AL X8E A e (C1-C60)LZ, (CI-C60)LAZA], (C3-C6OANERLZ, T4, 24, Aoli,
EZ(C1-C60) 42", t(C1-C60) LA (C6-C60)otA A = E]((6-C60)otHAHR o] Fox| = FoA] Alg)
Hi= sl ool XEV7F o X} $ A

G 2 GE AR SHYoR Aol A (C1-C60)2Z, (C1-C60)LZA=A], (C6-C60)o+H, (C4-C60)3]E = o}
g e g0 25 deld s o)ife] XFEAY X#E X ek (C6-C60)otE el

Ary % Arps 3] PRl dElEE obd Ei (C-000)HH Zokoln,

Ra11Ra12 /:—§
clos Wi decor
- - _

R
R{i a1 O

7] Arg 2 Argp9 oFE EE FEHREolE e (C1-060)27, (C1-C60)2ZA2A], (C6-C60)°+d i (C4-C60) 4 H

zoldlziy AeE AW} shteld Ad 4 9
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[0151]
[0152]

[0153]

[0154]

[0155]

SE5451 10-1551207

Ly = (C6-C60)oth @, (C4-C60)3 e RolHd L &7 Fx9 3}gEo)n,

A7) Lyel ofdell e gHZolHAle (C1-C60)LZ, (C1-C60)LZAZA], (C6-C60)oFH, (C4-C60)3 e =0}
EE Ao a2RE AdgH s ojo] XFE § 9Jon;

Rir, Ruz, Rz 2 Riu® AR 5HAHOR F4, 54, (C1-C60)2Z &= (6-C60)otHol AL, 1t x|

o S EIeAY EFEA FE (C3-C60)LZ@ T (C3-C60)LAId@ o AAdEo] X3 g L
Gdd w2 o] WEs ugE 4T 5 e,

Rigt, Rige, Rigy 2 Ripy™ AR HHALR F4, T4, (C1-C60)EZ, (C1-C60)LZASA], (C6-C60)oFd, (C4-

Ceo)alel ot = zAol F3eAY E3ehA & (C3-C60)d=l B

A
£ (C3-Ceo)gAd Aoz AAy

A7) sheka 9 U4 Bet 119 EAE S3Re o] Fxe] SRR A9 5 glou, oo #dHE Ae
ok,
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[0163]

[0164]

[0165]

[0166]
[0167]

SE5451 10-1551207

H-120 H-121 H-122 H-123
wowgel 7] %Y 2ol QoA B 19 §7] WY SFRE wYsa, Bl ofholuA HEE wt
sEeldelulZ] SRR ol Folzl FomiE AuE sh} olde HYES LY 4 glon, ofUelus
SE mt 2Edol™oluA BB A= s e 129] sgEel o, o @AHE AL
ohth

(A7) 38k2] 120014, Ars 2 Arpe A2 EHHoR (C1-060)27, (C6-C60)oF, (C4-C60) & Bl Zold, (C6-
C60)obdoln e, (C1-C60) Lo, BE X, EeREZ:, N, 0 ¥ S2RE Agd s ods xdss
59 WA 699 SHEAZEE T (C3-C60)AIZFZLZoI AL, Ary 9 Arpe §82IE LsAY X8
3hA] e ((3-C60)L el = ((3-C60)LAdAcR dAF o] Xg=F 1z E ddg v vsho] Was o
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[0168]

[0169]

[0170]

931, 7] Arg R Arp,l ob, slElZold, ofgolrn wi dHZATEANE Fra, T2

1
4

=

g]ve_ 6‘;]}\32‘51—

A, (C1-C60)LZ, (C2-C60)LAY, (C2-C60)L71d, (C6-C60)otH, (C4-C60)slElZol™, N, 0 2 SEHE A
g9 s oS xFslE 59 UlA 699 SHEAERG, (C3-C60)AF2L, EF(C1-C60)LU 4,
(C1-C60) LA (C6-Co0)otd A, E(C6-C60)otd A, oftutd, (C7-C60)utol &2, (C1-C60) LA =A],
(C1-C60)LZAE 2, Aol, (C1-C60)LZAolm =, (C6-C60)otHolm =, ((6-(60)F=(C1-C60)2ZA, (C6-C60)<}
L2A] (C6-C60)0+HEI S, (C6-C60)otE 7R Y, (C1-C60) YA 7FE Y, (C1-C60)LAIIEE, JFEEA | o]E
2 4 Slo|EEAIZRE] Aeld s o]ifo] o XghdE 4 L

Arse (C6-C60)e}d, (C5-C60) Bl Z ol = (C6-C60)olHolu] o], A7) Argol o}, s Zold EE= of
o= T4, 27, (C1-060)4Z, (C6-C60)°+d, (C4-C60)slElZold, N, 0 ¥ SEHE MAed s
ol & Edtate 59 WA 699 HEHEAFELY, (C3-6OAZFELZ, EF(C1-60)LAA™, t](C1-C60)<
ZA(C6-Co0)otE A, E(C6-Co0)otdAH, oftrid, (C7-C60)ulel A=Y, (C2-C60)EAd, (C2-C60) %
71d, (C1-C60)LZA2A], (C1-C60)LZE L, Aobi, (C1-C60)LAoln =, ((6-C60)o}Holm i, (C6-C60)ot=
(C1-C60)2Z, (C6-C60)oFE 2], ((6-C60)oFHE] L, (C6-C60)otE7tRd, (C1-C60)L=A 7R Y, (C1-C60)L
A7tnd, Fh2 8 eo|ER Y Sto|=RAIRAE MEE skt o]4do]l o Agkd 4 9l

k= 1 WA 4¢] Aol ]

7] ofdolulA SE Er sEoldeldd FFEL wd TALew avld dFgEad da8 5
govt, &7 sgEs @R AL ok,
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[0171]

[0172]

[0173]

[0174]

on
]

£dl 10-1551207

Y >
C}Ng “ ~©
a3 ©<N> S9We

aoon Lofoo aoad
5 S 5

, Ir, Pt, Pd, Rh, Re,

12~ 55L& O oy =
&3 ES E3ele

ol
ol
Lo
o
ox Ol
L

wowne] f71 d7] g el glojA, 3 el ATl Aol @%e] WHawld], ZaAvels
(chalcogenide)Z, 23} F&F 2 F& AsESozZREH Aux= d35(0]3), oS "®EUFT"olga A
A olds wiAlsk: Aol gt FAeRE, I viAS SO & mWel th B dFvEe &
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[0175]

[0176]

[0177]

[0178]

[0179]

[0180]

[0181]
[0182]

[0183]

on
Ju

£dl 10-1551207

&9 ZrFA ol =E(4I8tES XTI TS, w3 BRFAF Fe
SIESS WA e Aol vk, o)A
A7) ZFAYe =R E oA Si0(1<X<2), AlO(1<X<1.5), SiON, SiAlON 5= wgzeA & &
nem, drist gEHomAE o LiF, MgF., CaF,, B3 S EF 55 & vhdst & 5 doH, 55

AEEAE gAY Cs0, Li0, Mg0, Sr0, Ba0, Ca0 5& ntgA A & 4 o).

]

3

TR, oyl fr] A7) 2 axfel glojA, ofEA AlFtE @ e A= Aol @] ;e dAak A
9 = Fd4 =uEL] £F 99 = A A9 g A =REY £ 995 wiAsE Ak
sk, ol e WA m, A dE spehEo] oldow fdFER FI JomFE R wiAdl dA
2 79 % dgs] goladnr. B3, A AE e AdstEo] gol2or Huw R d9omiyH ¥
F oA dee F9 R ALy folsidn. wbEAR Absd =RERAME ZF Folxik B AlH
(acceptor) 3ta& & F k. vEAT 94 =dE=AE 47 55, &2 55 e, 92y E
T oad, JEF 55 % o5 e = 5 Ak

P e

7] wsgtEe wREsel £u AR MR L FHSA] Holu szt FEFY] )
)
=]

Wy JAE 8 FA WE
olatol A, W wEe] A olslE Astel W wyel UE G
oo Az W Adel WYHAHS W@sht

MAE HE 2L ohd,

[(Azd]
[Azd 115tz 79 A=

selENceINTYe
CHO
oo} w— "L —"CC
OO c

a0 00
SO, o

2-B.2 B ¥l =< H)Eto] = (2-Bromobenzaldehyde) (20.0 g, 108.09 mmol), 1-}Zer&lHd EAF(1-naphthalene boric
acid ) (22.31 g, 129.72 mmol), HEZ7 2~ (E A d2a9) 225 (0)
(Tetrakis(triphenylphosphine)palladium)(O) (6.24 g, 5.4 mmol), ©FZE(60.27 g, 432.36 mmol)S WS-V
of Y=t &7 &i(1000ml)E ¥ U wubetelEth. Fo] eApAew o e (300mL) 9k E(200mL)E ¥
=t 120C°1]1 iie ARE FpefFETh 15A17F o HPQO] AuEH, SEE AH2oF uFo dEopAEHolE
(500mL) & FZ3}kaL TEZ HlojEr. Aozl §715S TSR ES AAS F HAEsE 4
el5ar, 2kt %E%}fﬁ f71-8wWE Al g O*OW NA = UFZ 2 EH100mL) 9 n-FN2H(500nL) & A A 745
o] 312 A (15.06 g, 60%)Z2 AU},

_59_



[0184]

[0185]

[0186]

[0187]

[0188]

[0189]

[0190]

[0191]

[0192]

[0193]
[0194]

[0195]

[0196]

S=506 10-15651207
5l et & BO A%

HE-S-7)of] tjo]AX 2 Hol7l(Diisopropylamine) (11.83 mL, 83.95 mmol)ol| n-%-¥ 2] & (n-butyllithium) (31 mL,
77.49 mmol)& 0CelA HH3] Hrigrh, Fo -BCE 255 HF Fo Egddddriololxvg

(Trimethyldiazomethane)  (12.33 mL, 77.49 mmol)<S 30%%<¢t ArlstodFEoh. 308%¢F WAzl & THF
(50mL)oll #¥ sH3E A (15.0 g, 64.58 mmol)S 3] A7bste] Fh 3AIF Fof] &8 Yol whgs 4 g
T oldolAH o] E(200nL) 2 FE3] k. Aol f71EwlE odolAE o] E/n-Ail=1/1002 A7 ] A

Asle] 83E B (10.5 g, 7192 AU},

H-S-g 7)o QoA e 3EE B (10.0 g, 43.80 mmol) I ZElwrlE=Eeo]|=(PtCly) (582 mg ,2.19 mmol)

L) (200mL) & W3 24A)7F EQF 80CE FFuwt slodFr). wkgo] 24H ?
I HEFEEHE(300mL) 2 FEate] 7S Eysith, o

Sl
$g of :
of =& AT Fol Aej7tels stole F Y sk, ﬂ%iiﬂl%/n—éﬂiﬂ/logi @Eé el AgAst
Oq §}‘§‘:}L% C (94 g, 94%)e 1:/\}\1:]'

3eHE C (9.0 g, 39.42 mmol)S F22F £vf(300mL)el] =<20th. BE (4.45 ml, 86.72 mmol)S A3 27}
Stth, BAIZE Fo] B8 Yol WhES FEAY T YIEREWEo R FFIte] dojd fU|Fel FEAelios
< Yo E& AA F, At RE sdE. 4ozl fU1E8HME A TRE Sote] AT ¥, HEERE
W EF(100mL) 2} W EFS(300mL) = A AR Ee] A= 3eE D (12.94 g, 85 %)E AU},

= =
T
=

=

St E 79 Alx

3stE D (2.0 g, 4.13 mmol), HHHREAH(Phenylboronic acid) (1.3 g, 10.33 mmol), HIEZZ]2~ Z&5(0)
Eg#ddE2~A(Pd(PPhs)y) (0.6 g, 0.41 mmol)S EFA(100mL) &} ol &F&(50mL)ll ¢l S, 2N BAYEES

|A(50mL)& ¥l 120TColA 47 ¢t g7 wdksglty. a9 vE EE 25TC2 9531 SH(200nl)
Zbe wheS Easta, ol"obMEo]E(15mLE &, 7Y AZFUTH olF APARMEIYIES o] g3t
24358 7 (1.6 g, 3.33 mol)S AU},

[(Alz=el 2]3}3HE 1479 Az

Y @@

D

313E 14790 A %
3etE D (10.0 g, 25.9 mmol)oll YHEdoldl (10.96 g ,64.75 mmol), ZEFgFolAlElo]E(I1) (290 mg, 1.29

mmol) EZ-HEFEZAHA(0.64 mL, 2.59 mmol) A2FEHEFEA (7. 47g, 77.7 mmol)& ¥ A4 EY7]s})
H EFd & (200mL)E ¥t 120C2 SFugt sto] vk, 3AIRF Fof] whgo] ShAHY =5 Yol whgE&
& AAsta, A7t

53l1 UFZ2He(300nL) 2 FE3H. Ao f7|5S T3 nfadags 9o &
OMOM . Ao 7715 S A SFHE S AAS ¥, UEFZ 2 E(100nl) oF HE
3lo] st 3H3HE 147 (9.0 g, 62%)E ATt

=(300mL) = AEA

sl

A7) Azel 1A 29 e olgste] #7] R dhehE 1 WA Este 5328 Alxshdler, & 10 A=
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[0197]

[0198]

$7] B SFES HNR 2 MS/FABES LeER)ch.

[3& 1]
= MS/FAB
Sl&tH2 1
ses H NMR(CDCls, 200 MHz) found calculated
8§ = 2.89(6H, s), 7.71(2H, m), 7.82~7.88(4H, m), 8.12(2H,
1 256.34 256.13
m), 8.93(2H, m)
8 = 1.48(18H, s), 7.82~7.88(4H, m), 7.94(2H, m), 8.12(2H,
2 340.50 340.22
m), 8.93(2H, m)
8§ = 7.41(2H, m), 7.51(4H, m), 7.79~7.88(8H, m),
7 380.48 380.16
8.12~8.13(4H, m), 8.93(2H, m)
8§ = 7.58~7.59(6H, m), 7.73(2H, m), 7.82~7.92(6H, m),
8 480.60 480.19
8(4H, m), 8.12~8.13(4H, m), 8.93(2H, m)
8§ = 7.55(4H, m), 7.61(2H, m), 7.82~7.88(4H, m),
9 480.60 480.19
8.04~8.13(8H, m), 8.42(2H, m), 8.55(2H, m), 8.93(2H, m)
8 = 1.72(12H, s), 7.28(2H, m), 7.38(2H, m), 7.55(2H, m),
10 |7.63(2H, m), 7.77~7.93(10H, m), 8.12~8.13(4H, m),| 612.80 612.28
8.93(2H, m)
17 |8 = 7.82~7.93(14H, m), 8.12~8.13(8H, m), 8.93(6H, m) 580.71 580.22
8§ = 1.35(18H, s), 7.37~7.38(8H, m), 7.82~7.88(4H, m),
27 492.69 492.28
8.12~8.13(4H, m), 8.93(2H, m)
8§ = 7.5~7.56(6H, m), 7.82~7.88(6H, m), 7.94~7.98(4H, m),
31 592.77 592.13
8.12~8.13(4H, m), 8.45(2H, m), 8.93(2H, m)
8§ = 7.25~7.33(6H, m), 7.5(2H, m), 7.63(2H, m),
41 |7.8~7.94(8H, m), 8.1~8.12(4H, m), 8.55(2H, m),| 558.67 558.21
8.9~8.93(2H, m)
& = 7.57(2H, m), 7.82~7.88(4H, m), 8.12~8.13(4H, m),
75 382.46 382.15
8.42(2H, m), 8.7(2H, m), 8.93(2H, m), 9.24(2H, m)
8§ = 2.88(8H, m), 6.58~6.63(6H, m), 6.76~6.84(8H, m),
117 |7.02~7.1(6H, m), 7.2(4H, m), 7.82~7.88(4H, m),| 766.97 766.33
8.12~8.13(4H, m), 8.93(2H, m)
8§ = 7.25(8H, m), 7.58~7.59(6H, m), 7.73(2H, m),
121 632.79 632.25
7.82~7.92(6H, m), 8(4H, m), 8.12~8.13(4H, m), 8.93(2H, m)
8 = 1.72(12H, s), 7.25~7.28(10H, m), 7.38(2H, m), 7.55(2H,
132 |m), 7.63(2H, m), 7.77~7.93(10H, m), 8.12~8.13(4H, m),| 764.99 764.34
8.93(2H, m)
8§ = 6.63(8H, m), 6.81(4H, m), 7.11(2H, m), 7.2(8H, m),
147 562.70 562.24
7.82~7.88(4H, m), 8.12(2H, m), 8.93(2H, m)
s = 7141(2H, m), 7.36(4H, m), 7.49~7.5(8H, m),
148 762.94 762.30
7.74~7.88(20H, m), 8.12(2H, m), 8.93(2H, m)
8 = 6.98(4H, m), 7.11(2H, m), 7.38(4H, m), 7.53~7.57(12H,
149 762.94 762.30
m), 7.82~7.88(4H, m), 8.02~8.12(10H, m), 8.93(2H, m)
8 = 1.72(24H, s), 6.48(2H, m), 6.58(2H, m), 6.75(2H, m),
7.04(2H, m), 7.11(2H, m), 7.28~7.3(6H, m), 7.38(4H, m),
152 1027.34 1026.49
7.55(4H, m), 7.62(2H, m), 7.82~7.88(8H, m), 8.12(2H, m),
8.93(2H, m)
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[0199]

155

& = 6.63(4H, m), 6.81(2H, m), 6.98(2H, m), 7.11(2H, m),
7.2(4H, m), 7.38(2H, m), 7.53~7.57(6H, m), 7.82~7.88(4H,
m), 8.02~8.12(6H, m), 8.93(2H, m)

662.82

662.27

156

8§ = 6.63(4H, m), 6.81(2H, m), 7.11(2H, m), 7.2(4H, m),
7.36(2H, m), 7.49~7.5(4H, m), 7.74~7.88(12H, m), 8.12(2H,
m), 8.93(2H, m)

662.82

662.27

160

8§ = 1.35(18H, s), 6.55(4H, m), 6.63(4H, m), 6.81(2H, m),
7.01(4H, m), 7.11(2H, m), 7.2(4H, m), 7.82~7.88(4H, m),
8.12(2H, m), 8.93(2H, m)

674.91

674.37

162

8§ = 6.63(8H, m), 6.69(4H, m), 6.81(4H, m), 7.2(8H, m),
7.54(4H, m), 7.82~7.88(4H, m), 8.12~8.13(4H, m), 8.93(2H,
m)

714.89

714.30

164

8§ = 6.63(8H, m), 6.81(4H, m), 7.2(8H, m), 7.46~7.49(4H,
m), 7.64~7.74(6H, m), 7.82~7.88(6H, m), 8.12~8.13(4H,
m), 8.93(2H, m)

815.01

814.33

165

& = 1.72(12H, s), 6.58~6.63(10H, m), 6.75~6.81(6H, m),
7.2(8H, m), 7.62~7.63(4H, m), 7.77~7.93(8H, m),
8.12~8.13(4H, m), 8.93(2H, m)

947.21

946.43

168

8§ = 6.69(4H, m), 7.36(4H, m), 7.49~7.54(12H, m),
7.74~7.88(20H, m), 8.12~8.13(4H, m), 8.93(2H, m)

915.13

914.37

173

& = 2.34(12H, s), 6.36(4H, m), 6.63(4H, m), 6.71(2H, m),
6.81(2H, m), 7.2(4H, m), 7.46~7.49(4H, m), 7.64~7.74(6H,
m), 7.82~7.88(6H, m), 8.12~8.13(4H, m), 8.93(2H, m)

871.12

870.40

177

8§ = 6.63(4H, m), 6.69(4H, m), 6.81(2H, m), 7.2(4H, m),
7.36(2H, m), 7.49~7.54(8H, m), 7.74~7.88(12H, m),
8.12~8.13(4H, m), 8.93(2H, m)

815.01

814.33

184

& = 1.72(12H, s), 6.48(2H, m), 6.63(4H, m), 6.69(4H, m),
6.81(2H, m), 7.04(2H, m), 7.2(4H, m), 7.28~7.3(4H. m),
7.38(2H, m), 7.54~7.55(6H, m), 7.82~7.88(6H, m).
8.12~8.13(4H, m), 8.93(2H, m)

947.21

946.43

187

& = 1.72(12H, s), 6.58~6.63(6H, m), 6.75~6.81(4H, m),
7.2(4H, m), 7.36(2H, m), 7.49~7.5(4H, m), 7.62~7.63(4H,
m), 7.74~7.93(16H, m), 8.12~8.13(4H, m), 8.93(2H, m)

1047.33

1046.46

192

& = 7.25~7.33(6H, m), 7.5(2H, m), 7.63~7.68(6H, m),
7.79~7.88(8H, m), 7.94(2H, m), 8.12~8.13(6H, m), 8.55(2H,
m), 8.93(2H, m)

710.86

71.0.27

201

8 = 7.25~7.33(6H, m), 7.5~7.55(6H, m), 7.63~7.66(4H, m),
7.82~7.88(4H, m),  7.94~7.95(4H, m), 8.08~8.13(8H, m),
8.55(4H, m), 8.93(2H, m)

810.98

810.30

212

& = 7.39~7.41(10H, m), 7.51~7.52(8H, m), 7.82~7.91(12H,
m), 8.12~8.13(4H, m), 8.93(2H, m)

732.91

732.28

222

8§ = 7.39~7.41(9H, m), 7.51~7.52(4H, m), 7.58~7.59(3H,
m), 7.73(1H, m), 7.82~7.93(14H, m), 8(2H, m), 8.12(2H,
m), 8.34(1H, m), 8.93(2H, m)

782.97

782.30
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& = 7.41(1H, m), 7.51~7.55(4H, m), 7.61(1H, m),

230 |7.79~7.93(7H, m), 8.04~8.12(4H, m), 8.34(1H, m), 8.42(1H,| 430.54 430.17
m), 8.55(1H, m), 8.93(2H, m)
8§ =  7.41(1H, m), 7.48~7.61(8H, m), 7.7(1H, m).

243 [7.79~7.93(7H, m), 8.04~8.12(4H, m), 8.34(1H, m), 8.42(1H,| 506.63 | 506.20
m), 8.55(1H. m), 8.93(2H, m)
8§ = 7.36~7.42(4H, m), 7.48~7.51(3H, m), 7.74~7.93(12H,

258 562.64 562.19
m), 8.03~8.12(5H, m), 8.34(1H, m), 8.93(2H, m)
& = 7.35(1H, m), 7.41(1H, m), 7.51(2H, m), 7.6(1H, m),

261 |7.78~7.88(7H, m), 7.98(1H, m), 8.06~8.12(4H, m), 8.34(1H,| 431.53 431.17
m), 8.44(1H, m), 8.93(2H, m)
8§ = 6.63(2H, m), 6.81(2H, m), 6.99~7.05(4H, m), 7.25(2H,

276 |m), 7.32(1H, m), 7.41(1H, m), 7.51(2H, m), 7.79~7.93(7H,| 495.61 | 495.20
m), 8.12(2H. m), 8.93(2H, m)
8§ = 1.72(6H, s), 7.28(1H, m), 7.38(1H, m), 7.55(3H, m),

280 |[7.61~7.63(2H, m), 7.77~7.93(8H, m), 8.04~8.12(4H, m), 546.70 546.23
8.34(1H, m), 8.42(1H. m), 8.55(1H, m), 8.93(2H. m)
s = 7.25(4H, m), 7.55~7.61(6H, m), 7.73(1H, m),

288 |7.82~7.93(6H, m), 8~8.12(6H, m), 8.34(1H, m), 8.42(1H,| 556.69 556.22
m), 8.55(1H, m), 8.93(2H, m)
& = 7.5~7.61(6H, m), 7.82~7.94(12H, m), 8.34(1H, m),

300 536.68 536.16
8.42~8.45(2H, m), 8.55(1H, m), 8.93(2H, m)
& = 7.41(1H, m), 7.51~7.61(7H, m), 7.79~7.93(7H, m),

310 [8~8.12(6H, m), 8.34(1H, m), 8.4~8.42(3H, m), 8.55(1H, m),| 556.69 556.22
8.93(2H, m)
8 = 7.25~7.33(8H, m), 7.5~7.55(3H, m), 7.61~7.63(2H, m),

318 |7.8~7.94(6H, m), 8.04~8.12(6H, m), 8.42(1H, m), 8.55(2H,| 519.63 519.20
m), 8.9~8.93(2H, m)
8§ = 1.72(6H, s), 7.28(1H, m), 7.38(1H, m), 7.55~7.63(5H,

328 |m), 7.73~7.93(10H, m), 8(2H, m), 8.12(2H, m), 8.34(1H,| 546.70 546.23
m), 8.93(2H, m)
s = 7.25(4H, m), 7.58~7.59(6H, m), 7.73(2H, m),

335 |7.82~7.93(7H, m), 8(4H, m), 8.12(2H, m), 8.34(1H, m),| 556.69 556.22
8.93(2H, m)
& = 7.5~7.52(2H, m), 7.58~7.59(4H, m), 7.73(1H, m),

351 |[7.82~8(9H, m), 8.12(2H, m), 8.2(1H, m), 8.34(1H, m),| 536.68 536.16
8.41~8.45(2H, m), 8.93(2H, m)
& = 7.41(1H, m), 7.51~7.59(7H, m), 7.73~7.93(9H, m),

358 [8~8.01(3H, m), 8.08~8.12(4H, m), 8.34(1H, m), 8.55(1H, 556.69 556.22
m), 8.93(2H, m)
8 = 1.3(4H, m), 1.45(4H, m), 7.83~7.35(2H, m), 7.52(1H,

371 |m), 7.58~7.61(4H, m), 7.73(1H, m), 7.82~8(11H, m),| 588.81 588.23

8.12(2H, m), 8.34(1H, m), 8.93(2H, m)
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[0201]

8§ = 6.63(4H, m), 6.81(2H, m), 7.2(4H, m), 7.32(1H, m),

381 |7.55(2H, m), 7.61(1H, m), 7.82~7.93(5H, m), 8.04~8.12(4H,| 521.65 521.21
m), 8.42(1H, m), 8.55(1H, m), 8.93(2H, m)
8 = 6.63(2H, m), 6.81(1H, m), 6.98(1H, m), 7.2(2H, m),

390 |7.32~7.41(8H, m), 7.51~7.57(5H, m), 7.79~7.93(7H, m),| 521.65 521.21
8.02~8.12(4H, m), 8.93(2H, m)
8 = 6.63(4H, m), 6.69(2H, m), 6.81(2H, m), 7.2(4H, m),

395 |[7.41(1H, m), 7.51~7.54(4H, m), 7.79~7.93(7H, m), 8.12(2H,| 547.69 547.23
m), 8.34(1H, m), 8.93(2H, m)
8§ = 6.63(2H, m), 6.81(1H, m), 7.2(2H, m), 7.32~7.36(2H,

403 |m), 7.49~7.5(2H, m), 7.58~7.59(3H, m), 7.73~7.82(11H,| 571.71 571.23
m), 8(2H, m), 8.12(2H, m), 8.93(2H, m)
8§ = 1.72(6H, s), 6.48(1H, m), 6.63(2H, m), 6.81(1H, m),
7.04(1H, m), 7.2(2H, m), 7.28~7.38(4H, m), 7.55(3H, m),

416 637.81 637.28
7.61(1H, m), 7.82~7.93(6H, m), 8.04~8.12(4H, m), 8.42(1H,
m), 8.55(1H, m), 8.93(2H, m)
& = 1.72(6H, s), 6.58~6.63(5H, m), 6.75~6.81(3H, m),

423 |7.2(4H, m), 7.41(1H, m), 7.51(2H, m), 7.62~7.63(2H, m),| 663.85 663.29
7.77~7.93(9H, m), 8.12(2H, m), 8.34(1H, m), 8.93(2H, m)
8§ = 6.63(4H, m), 6.81(2H, m), 7.2(4H, m), 7.46~7.55(4H,

427 |m), 7.61~7.74(4H, m), 7.82~7.93(6H, m), 8.04~8.12(4H,| 647.80 647.26
m), 8.34(1H, m), 8.42(1H, m), 8.55(1H, m), 8.93(2H, m)
8§ = 2.34(6H, s), 6.36(2H, m), 6.63(2H, m), 6.71(1H, m),

444 |6.81(1H, m), 7.2(2H, m), 7.41~7.51(5H, m), 7.64~7.79(11H,| 625.80 625.28
m), 8.12(2H, m), 8.34(1H, m), 8.93(2H, m)
8§ = 6.63(2H, m), 6.69(2H, m), 6.81(1H, m), 6.98(1H, m),
7.2(2H, m), 7.88(1H, m), 7.53~7.61(8H, m), 7.82~7.93(5H,

455 647.80 647.26
m), 8.02~8.12(6H, m), 8.34(1H, m), 8.42(1H, m), 8.55(1H,
m), 8.93(2H, m)
8 = 1.35(9H, s), 6.55(2H, m), 6.63(2H, m), 6.69(2H, m),
6.81(1H, m), 7.01(2H, m), 7.2(2H, m), 7.41(1H, m),

466 603.79 603.29
7.51~7.54(4H, m), 7.79~7.93(7H, m), 8.12(2H, m), 8.34(1H,
m), 8.93(2H, m)
& = 6.62(2H, m), 6.69~6.7(4H, m), 7.54~7.55(6H, m),

480 |7.61(1H, m), 7.82~7.93(5H, m), 8.04~8.12(6H, m), 8.34(1H,| 599.72 599.24
m), 8.42(1H, m), 8.55(1H, m), 8.93(2H, m)
& = 1.72(6H, s), 6.58~6.63(3H, m), 6.69~6.81(4H, m),
7.2(2H, m), 7.41(2H, m), 7.51~7.54(8H, m), 7.62~7.63(2H,

493 739.94 739.32
m), 7.77~7.93(9H, m), 8.12(2H, m), 8.34(1H, m), 8.93(2H,
m)
8§ = 6.59(2H, m), 6.69(2H, m), 6.77(2H, m), 6.89~6.92(4H,
m), 7.54~7.55(4H, m), 7.61(1H, m), 7.82~7.93(5H, m),

508 611.73 611.22

8.04~8.12(4H, m), 8.34(1H, m), 8.42(1H, m), 8.55(1H, m),
8.93(2H, m)
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& = 8.81(2H, m), 6.51(2H, m), 6.69(4H, m), 6.98~7.01(4H,
515 |m), 7.54~7.59(5H, m), 7.73(1H, m), 7.82~7.93(6H, m),| 609.76 609.25

8(2H, m), 8.12(2H, m), 8.34(1H, m), 8.93(2H, m)
8§ = 6.69(2H, m), 6.97(2H, m), 7.16~7.21(6H, m), 7.41(1H,

523 |m), 7.51~7.54(4H, m),  7.79~7.93(7H, m), 8.12(2H, m), 577.74 577.19

8.34(1H, m), 8.93(2H, m)
& = 6.63(8H, m), 6.69(2H, m), 6.81(4H, m), 7.2(8H, m),

527 |7.32(1H, m), 7.54(2H, m), 7.82~7.93(5H, m), 8.12(2H, m),| 638.80 638.27

8.93(2H, m)
8§ = 6.63(8H, m), 6.81(4H, m), 7.2(8H, m), 7.32(1H, m),

530 |7.46~7.49(2H, m), 7.64~7.74(3H, m), 7.82~7.93(6H, m),  688.86 688.29

8.12(2H, m), 8.93(2H, m)
& = 1.72(6H, s), 6.58~6.63(5H, m), 6.75~6.81(3H, m),

532 |6.98(2H, m), 7.2(4H, m), 7.32~7.38(3H, m), 7.53~7.63(8H,| 855.07 854.37
m), 7.77~7.93(7H, m), 8.02~8.12(6H, m), 8.93(2H, m)

[0202]
[0203] [AAld] 1] 2 dgo)] e §7] 43 &S o]83F OLED A%} A2
[0204] B oagol ukg g5 o83 T2 OLED £AE A,
[0205] S, OLEDE Zdl2=(d-29A AR)(DEFE dojx Fgd= 110 #2155 Q/0) (2)&, EEERd
A, oMAE, dErE, FHTE TAHOE AEstY 259 AlFHS A & o] AZZ o] Yo Hid T
AF-&-313l T}
[0206] tgeew, e S Aulel 7jd Edel 110 78S AAstar, e S A0 We] A §r] 2o
4,4" 4"-tris(N,N-(2-naphthyl)-phenylamino)triphenylamine (2-TNATA)S ¥ir, AW U9 AF=7} 10° torr
o] =ad wj7lx] wiZ|AlIZl F Ao AFZ <rlsle] 2-INATAS Z9HA1A 110 715 Aol 60 nm FA9 A&+
A3 F&FaksiTt.
0. 3O
ISR®!
<Nj é
[0207] 2-TNATA
[0208] ool A, AF F2 Ay Yo & Ad 3}7]FZE N, N'-bis( a-naphthyl)-N,N'-diphenyl-4,4'-diamine (NPB)<
Yo, A AFE A7IEk NPBE TEAA AFFAZFT Ao 20 nm FAL AIZALZT4)E S

[0209] NPE

[0210] AeFds, Aeddss AN F, 2 Hd TFSS v5H Zol ST, AE S G e %
Aol &g Agw B dge] wE b= (d ¢ F9tE 1S ¥, & o dde i 7+xE 7K DSA-PhE
Y2 5, F Al go] 7hd, DSA-Phe] SHEE HES 2 X 5 TR SHToRM V] e AdEs 9
30 nm FAC] 23S (5)S S
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[0211]

[0212]

[0213]

[0214]

[0215]

[0216]

[0217]
[0218]

[0219]

@ e,
oe AF 2% BuE olgsho Al

Ae W= 7t gEe 10

DNA

ojojx Al 13 L WHom Had

ste Al &5(8)= 150 nm®] FA=

EO )
AAFAF(DoR 87 T

Liq

torr 3ol A

521 DNA(dinaphthylanthracene
£ 100:3 o7 3] A7) HAF

- -
=2

237 A 13 Hlae] 1014 AlzE B

OLED 27e] g &&-< zbzb 5,000 cd/m ol A

zx9 33}
S$Z(8)S 150 mme] FA=

DSA-Ph

lithium quinolate (Liq)Z&
Z2slo] OLEDE A&ttt

92(6)7 AT
&le] OLEDZ
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s
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Fr] el @ Al g

=13
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o
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o 1] DNA<}k

nl

X AH
= AH
X AH

=

0or

Azl )

[¢}

8.2
7.4

@5000cd/
8.5
7.6
7.6

7.3

a3

3 OLED Z%}e] A%

(B5E%)
3

DSA-Ph
DSA-Ph
DSA-Ph
DSA-Ph
DSA-Ph

DSA-Ph

8
17
122
223
252

DNA

%59 DSA-Ph
1

26l Vet vkg} o], B

Bl 04l 1

)

.

7] &%
o

[HA]d 2] &

=%
=

[0220]

[0221]
[0222]
[0223]
[0224]

ol
i

SHE (]

o e

’

30 nm 79

[0225]

& ol&ste Al

]

N
Nlo

Ho

<
]

[0226]

)
2}

st

Z}o

Al

OLED 2=} A

=
=

}

©
pid

3ol OLED

S

T

Z_l

=

(€]
A5E o) &

A=

akx

=
-

o 2] FeHel

=S 150 nm9)
[H] 2

Kol
=]

[0227]

vk
=70

Ao

=
O

71 g =2 AR el o

o

[0228]

171 F+%2] Coumarin
= 9ol 30 nm FA

tris(8-hydroxyquinoline)-aluminum(I111) (Alg)E Yil, &= &

TAE A7

545T(C545T)

Foh,

S

Alg 7|Eo2 1 WA 3 %7} vht

Ko
op
No

45T

2t

C

[0229]

& ol&ste Al

ex

N
Nlo

Ho

<A
)

[0230]
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T2 150 mme] FAR FHske] OLEDE A2hshltt.

[0231] A7) AAel 23 vlale] 2014 AzE B Iy wE f{7] W sEEY T HF sEES 77 st
OLED Z:2te] wH &8-S 72 5,000 cd/m ol A =43kl 317] & 30 Uehiic).

[0232] [% 3]

CosC 225 E(cd/A)
No. SAE cHE = ]
(E&%) | @5000cd/m
1 17 sl 2E 3 18.2 =
4l 2 29 Siet2E 3 18.6 =
Al
o 3 127 S8 2E 3 18.2 = A
o| 4 214 st =2E 3 18.9 = A
5 224 S8 2E 3 18.7 =
HImO2| Ag |&&2 C545T 1 10.3 =

[0233]

[0234] 2 oago] ARE A AP Axe] &3 Ay, AV F 3004 & F e vle) o], B odtyol 7] W
ShtEQl S3HE 214 o S3E EE 3.0 % =38 ¢ A5, T Alq:Ch45T(H]atd] 2) tiu] 287} W& g
agol Tkl

[0235] [AAld] 3] & o] W2 $15ES o] &g OLED &xbe] Alx

[0236] A 17} A o R HAIFFAS, ATHESTES AN &, AV AF 3 A U9 % A g
AFZZ B Ao 2 3gE(d @ SFE 418 ¥, E gEF doe U ERE(Y 3%E D4E ¥
T F EHS UE xR FUAA 8 TEneR =Yoo rA AV Ay AEF: Qo 30 nm FA9 @EF
(5)& SFsUT.

2
[0237] D-4
[0238] 2ZH 7] 729 tris(8-hydroxyquinoline)-aluminum(III) (Algq)E 20 nm FAZ F=
Z(Noe=z &7 Fx9 33FE lithium quinolate (Lig)E 1 WA 2 nm FAR &3 F|
o] &3t Al &5(8)S 150 nme] FAZ T2 ste] OLEDE Al<tslSitt.
ot
N
N
=
Li
[0239] Alq .
[0240] Aqe M2 7 BEe 10 torr stlH A& 53 GAIske] OLED WHA 8 R AL
[0241] [(Wlale] 3] o) 3 ALE o]-§3 OLED &b A%
[0242] AAe] 37 U BYHoR AIFAT, ATHETS AN F, 7] AF FF ¥ U9 vgE Ao g
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[0243]

[0244]

[0245]
[0246]

[0247]

[0248]

[0249]

[0250]

[0251]

0|ﬂ

E£0l 10-1551207

S2E A8 4,4'-N,N'-dicarbazole-biphenyl (CBP)E Yil, ¥ T2 Ao w3 =3E(4q :33E D-4)S
Z47t g o 5 BERAS UE S5 STUAA EFFoEN Y] AT AT fd 30 nm FAL] BFFB)E
Akt o] wWe] =3 FRE (BP 7IEo® 8 TRt nhEA st

Z

CBP D-4
olojx A7l wFE Yo AFTAGEFOoF  Bis(2-methyl-8-quinolinato)(p-phenylphenolato)aluminum(II1)
(BAlQ)S 10 nme] FAZ F2A]7] oJo] A HAAEZ=(6)C.2M tris(8-hydroxyquinoline)- aluminum(II1)

(Alg)E 20 nm F7A=
P

al,
zZelde). ggoeg AxFUES(7)LE lithium quinolate (Lig)E 1 WA 2 nm 57
=2 AHE o] &8kl Al 25(8)2 150 nme] FAZ F&3ste] OLEDE A 2}elSitt.

BAlq
F7) AAld 33 vlale] 3olA AzE 2 Wy wE f7] WF EY Fe 2F sstES 47 sk
OLED ZAxte] w3 §&5 37l & 49 JepdSlth
[¥ 4]
HZ ESI= e
No. W= SAE oAl SN
RS S2(cd/A)
1 D-6 36 - =AY 7.5 6.5
Al
Al 2 D-4 41 - = A 7.3 6.7
ol | 3 D-10 66 - =AY 7.5 7.5
3
4 D-12 103 - = Al 7.3 7.2
5 D-25 192 - = A 7.1 6.9
Hlwol 3 | (pig)alr(acac) CBP BAlg X A 8.3 6.5

=

A7) EARYE, AF 2GS 2A a4y T2EZ AT A 7]E9] UG 4
a8 % ot ABLZA OLED A7be] 2:H] 49

[AAel 4] 2 &g whe 243HES o8 OLED Aol Alx

Are] 13} A PR ATFYT, ATADTS NN F, A7) Aw FF G de] % Ao s~
ERA 7] Fxo dESAA T2E SRHE(H-20)S ¥al, E v Al EdERAM F Wy uhE gt
WU S A4 Ee F F BRSO SR SUNA S2EE VFoR 3 TRE =3%eRs 47 4
& AT 9ol 30 m FAS) HFF(5)S FHAEU
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