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[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]
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23 = v X3 €1 WX C30 sElZeld ) o)ar,

o

ROWA Re M2 270 tea, R uA R'e 2424 S50z 549
WA €30 AV, AF EE WD 3 UIA 30 AFRIAY], A
2e77], A% w= AR 6 WA 30 o}L7], B

ZF, FraYar, A3 Ee w3 Cl
L2 1 WA C30 S| ZAZ
g EH| 2ol 7] o]},

N
>\C—R4
s AE, X UA Xe 77 sgdow 7, oAU, EE X uA X FelM Heg ojx s 2
N
>\C—R4
cgAel L YuA e A7 Efdgon ol

4

R

Fadd, FRAAA, BE @ EE wHRE C1 WA 0 2079 F Ak,

rir

C—R®
9 16 ‘;Li 9 16
w3, wgAsE, X WA X e 7 sggoew o)A, mE X WA X FolA deg o= &
Y
Ny .
C—R
2,
U dagaeln yuA e 747 sydor ol i

RE 497, $Fa94, B 23 B vjx8kd 01 WA 30 ¢471d 4 vt

N
N
/C R
w3, wEHAE, X WA XS 47t Egden oA, mE X WA X FolAq A8 ojn shy
N
Ji\C—R“
/
B Aadela ymHe A7t sygrew °|iL,

C—R?®
9 16 EIL/L\ 9 16
X WA X e A7t ByLew o7, B X WA X FolA AE® ofx b= AxAelw Y
N
RS
/C R
HAE 77t sgHew o] 3

RE 497, S92, =5 A8 £ 928 1 WA 30 24719 5 .

RS 297, F54aUx, e A8 = w28k €1 WA 30 &471d 5 At

_19_



[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

[0111]
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T, B X3 e v xEE C1 WA 30 ¢Z71d 4 St

2
ma, wHElE, ¥ % Y e Aadatelw

N
Nego
/C R

ye ! o)t

R'e $2404, #5294, w5 A8 e A8 01 WA 30 22719 5 sl

A7) A& wm= nxFE 2 YA (30 FEZol e dE X3 i nx sy fudr], =
g H]

d dgrigdr], A% £= BAgE Edobxdr], A = HXghE Aolesdr], g = v ghE )
7], Ag Ee HASE dxsoleddr], A8 Ee WX SE Q1EdY], A$ E= AjAgE olvthx
[1,2-a]l9] et d7], A& = vxgd dxlolntEdr], A& e uAdd duEdr], AF £ vAS
| osmEolAd ], A& = vAEE dAuAdr], A8 E= v ghE JEkEET], A8 B v EE gyl
2Aoled7], A& = WA omuEdY], AF e WX gE Edo} 1, 3 E= vx3E g
EgEHY], A T HASE SAlgelolEdY], g = WX gk SALEDoEE Y], A& = v gk
AolotEd]otEd Y], g = WX SE HzELolEdr], A E= WX SE dAdY], A& E= A
| IoAdr], A8 B vXSE Fedr], A Ee vxEE FAmdr], A mE A gk ol AhdE
2], A% Ee A zeebxdr], A& Ee vASE yzuguydr], Ag B v e
971, A& == A g FAuEedr], A8 Ee uA S oAt dr], B AS Ee vASE ddES
g7l mhgrd el A8 e nAgE vy dr], A% e v drigdr], Ag B v g
EgfopAdy], A& & HXSE Aoleddr], g Es B A g ﬁ%%%‘ﬂ, A8 E= N A EE wdEstel
Oﬂﬂ‘éﬂ A& s vA& Fd A=d7], A L= HXghE ojvvhx(1,2-a]d 2t d 7], A& L= v ghd
Aol uEd 7], A& E= HXghE QIuEdY], A% L= HASd ﬂﬂiE}oPﬂ%ﬂ 28k = v A3
Wrxl‘éﬂ, 218k = WA SE hkEE ], B A9 B A gk el e dr]d g Sl

B 2ol gE she] Al whEd, 7] 1A AR AAE sgee sb] et er wAEE sekE
1 WA 52 FellA Aded o= sty 5= Sl
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T OrTe B T W oE ¢ .mw 2wy ECE S
X T — HooN w = Fz2 S L o0 e B o L 3
< N A =0 2 s QL b = = o o
©  Z2he o 8 K, BN gmg o DERX iy 3
N = TE TR E _ag T VNP W, S
T MEg 3 2 s g8 F I La N g aw HTET
T Ko 20w oA .o X % 3 o BE T 2o F Lo W& No=
~ R T R T S M (R R G4 =
& wed T MR 5T . ey o SF 0T AL =Tw
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o SF o o X wOW o T % hmh o TR Mo =5
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[0131]

[0132]

[0133]

[0134]

[0135]

[0136]

[0137]

[0138]
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diphenylbenzidine(NPD), N,N'-t]#d-N,N'-t](3-#&=d)-4,4'-t]e}w] =8]FH(TPD), N,N'-t]sd-N,N'-t]r}
zg-4 4'-tjoluenlHAd, NN N'N'-HEg-p-5d-4,4'-to}u|=n]7d, NNN'N'-HEZ7d-4,4'-t]o}| =
HlEd, =9(11)1,10,15,20-Bl Eg}old-21H, 230- 293 53 7S X393 (porphyrin)3HFE G54, F ==
=l Pl 3atolrl & Z= A, 1,1-H] 2 (4-1] p—éa‘°}ul¢ﬂlé)klﬂiﬁ1AP
NN N-EZ(p-Ed)oldl, 4, 4", 4'-EA[N-(3-WEHd)-N-s dor =] Eg s dolulz} e EgjolHoelnl

SA, N-ddztERE 9 EeH|drtEnEs 22 JlERE §EA, Fod TEERA oM, ?ﬂi%i’\]o}‘dﬂr
2o ZgERAold FEA, AEHAE ol FEA, dolHl~gWA fEA, WIS sbgolvld ~EE ofnl

sl fEAl, ¥ EI4W 52§ &

i}

o

AR 44 EA=ZA diphenylphosphine oxide-4-(triphenylsilyl)phenyl (TSPO1), Algs, 2,5-Tj¢}d AE §%

(PyPySPyPy), HEZF2g|vlolEl= 3}8&(PF-6P), Octasubstituted cyclooctatetraene 3}g&E(C0Ts) & & &

2

Slek,

wougel fAARgR dold, A4 FAF, A% F5F, 4T £EF 2 AF FYEES N 3G
B9 sht ool FRE FASE VY Fom FARAY, ®E 45 AFH, JolF TR FFRL FH
= Bee zom T4 5 A

BYAREA B EA FF GFAR, FYSIAA, Aol Ma, f7] AdeolH R PP A AGE 5
otk FAdemts, AEA S¥E, ErUSAtolSA fFE, I ZruSAelS HFE,

bis((3,5-difluoro-4-cyanopheny! )pyridine) iridium  picolinate(FCNIrpic), tris(8-hydroxyquinoline)
aluminum(Algs), SYEZHA, #HiEA, a1, A4, €, z2d, 40 9@ Ayzadsyd g2 Zgolzn}
g S, ANHUT 2o Sumdd SR, 140 olEaE A, 14 a0 D),
1, 4-b] 2 (4o D5 2= S AP E AL, 1,4-9) 2 (5~ D-2-S AL AL, 2,5-8] (5t -3 E-2-W 2 S A
G)apol @A, 1,4-Ts9-1,3-Febrlel, 1,6-a 91,3, 5-8AED e, 1,14, 4-F sl -1 3-Lehrlalst e
AL ol E ALeolE, $4 FEA] FEHAA, Tk A%, cAoheddan Ak, tAofd
AAbolo T Az, BelwlE Az, SauxtERAl A, Ak A%, ERsEE A%, AP A5, &

:(o

U QR Y h y hal
AR BHebe, 2P A, AR e, SAHOE 39w & ' 5 dith
g #7] BL &2AE PS4 o2 e o, &9 59 B Ay 22 eAE e E5ko]
sreo g JAANZIAY, 7 SolA AREEE ARE ol8dte] Axd 4 vk olE AT HFEAAdl taA=
ST AT glor, Ao 54¢ wep Aot ded 4= glovt, HE 2mm A 5,000nme] HejelM AR
4 5 9l
& el e SRS SHEe A5 SN dse] 94 S glons, w9y $40 @
#eka, AE(pin hole)o]l 7ol gl ¢dd Htom RolatA d& 4 A= Filol v
[ A ]

gl mE FIAAEFEAE e 9 olE Edehs fUIAARERA Az

PHE B PAMoR Agach, 2y ol dAE 98 2oz ool oste] & Wyl Wl HgEE
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[0139] Az 1. FAA) 1,3-8]4(4,4,5,5-EHEHE-1,3,2-t}o] AL &-2- )ull o] 34
_|_ LY i
B—B Dioxane
Br Br d B
®
¥ i 0O
=7 1 I
[0140] =711
[0141] Az #917) ske) 250ml Fvber 37 Eehae] 13-t 7.1g, WZvuEEe] ErRE 19g, o=
AF ZHE 20.6g, [1,1'-Hl2(ttelsld 2 a9 e 2l tho] 2R 23 ebE (11) 2.2g, B 1,4-tho] 52k 150m1& Wil
80CZ 16417 wuslch, vl s. W7z & Iz uey B2 2353, 258 298 =390, 24
ey} p-dat EEuE AdARvtEINY A §98 FHEY 1,3-0]2(4,4,5,5-HEHHE-1,3,2-1}
o] A E E-2-d) Al 8.5¢8 AUTE. (58 85%)
[0142] MS (ESD) : [M+H] 331
[0143] Azd 2: FA2) 9-(6-B 2Ry H-3-9)-9-7}u}Z£ o] A
H N
P S K,CO;/ 18-Crown-6 / Cu
¢ N 7 Yy + 7 Dichlorob -
N o Br Br ichlorobenzene
e N
N7 Br
3
N_
7 T\
{ W 4 5
K\::b,/r \\;—,/)
[0144] S7HM|
[0145] 250ml Fubel 39 Zepado] 9H-7bubE 3.1g, 3,5-tiEE Iy 10g, M ZF 7.6g, 18-Te$-6 1.5g,
E §h-g-of

T2 39 1g, 2 UFEdd 2mlE Y93 255 180CE FAAAFH i 9 FAA FU.
S 97§ Ry 22 3350, FEE 98 FF0T. gEEEdey -k Egne A
AzntEay] AXF gANS FEle] 9-(5-HR2EYH-3-U)-9H-7HtE 3,628 AATE. (& 60%)

N{Nv

S

EE

[0146] MS (ESD) : [M+H]™ 324
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[0153]

[0154]
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Az 3. FHA) 9-(5-H 2RI g Hd-3-)-90-3] 2] = [3,4-b[N =] A

N K;CO;/ 18-Crown-6 / Cu
7~ S | j Dichlorobenzene
& Vi I.l',-"l + e
II". 7 f B r B r
S e

250ml Hube 39 ZEkaAo] 9H-d 2 =([3,4-b1S1E 3.1g, 3,5-vBERI Y 10g, A ZF 7.6g, 18-
-6 1.5g, 78 F9H 1g, @ "IF=Z=94 12mlE ¥ 180CE FAAAFH wgk 2 FAA
FAT. W ds W7 3 fEEREdey R &3 H-S- i‘;}"ﬂﬁ} ﬂﬁiiuﬂﬂﬂr n-3A 4k
24eme AdasntEady AAE 95 555t 9-(5-HERI g T-3-)-9H-T 2] =[3,4-b] 1= 3.3z
BATE. (& 55%)

MS (ESD) : [M+H]™ 325

Az 4: SA(4) 5-(5-B2ryg|d-3-9)-50-v] 2| = [4,3-b] 1 E2] A

N N K,COy/ 18-Crown-6 / Cu -
,;f’\»( \;}/\\\ 4 | Dichlorobenzene

N\Br

i

N
Y i ! f
."-;-\.\_,// \,//N

s

5

250ml Euke 39 ZEk~F SH-9#%[4,3-b]JE 3.1g, 3,5-UEZRILY 10g, &AF ZF 7.6g, 18-7
-6 1.5, 7¢ W3 lg, 2 UIREAA 3 REE I0CE FANAFY Wy % BFA

Flh, wgele W7t ¥ tFzavws B2 2Een, 28§98 FHst qaiiuﬂw n-E 3
EREUR AUARMETY QAT 9L BHFe] 5-(5-HR R 2 d-3-2)-5H-3 2 E[4,3-D]21E 3,453
AT, (& 56%)

MS (ESD) : [M+H]™ 325

Azd 5. FAGB) _9-(3'-(4,4,5,5-HEgtrE-1,3,2-t}o] AR &-2-A)-[1,1'-n}o] | d | -3-A)-9H-F}m}=
o] kA
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[0158]

[0159]
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\"I; 0 (I)H_ 7\ }}'/\\? Toluene : Methanol
/ \ \"—\—-_—/ xf;"l
\
L”L{? ,f’””‘\?
o B &
NI N
SR
S
\_/

S| 5

Ax 2207 39 250ml Fvbe 37 ekl Az 1A AFE 1,3-H]2(4,4,5,5-HEgHE-1,3,2-t}
o] eAlH F@-2-e) Al 2g, 9-(3-L Q=W H)-9H-7}u}E 2.2g, B UEH 2, HEZY|~ Efddxsy 2
(0) 0.7g, 2 EFq 75m19} HEL 25mE Wi 75CE 1042 weksigich. | wheas yrh & ot E g
g3 Er FEoa, FEE 9% w50, dSEEred p-F4k B3 UHE AdazntEag s HAg
&oE FFHak] 9- (3 -(4,4,5,5-H1E2HvE-1,3,2-Tho] SALEg-2-91)-[1, 1 -nko] s I ]-3-)-OH-7hkE 2g&

A, (& 74%)

MS (ESD) : [M+H]™ 446

J§t Y
2 O g0 ,Jq Na;CO3Pd(PPhy)y
oL 7 - SR

3 7] k] 250ml TRk 37 EEhaTel SHAI(D] 1,3-H[2=(4,4,5,5-H EgE-1,3,2-T}o] SALE
F-2-)lAl 1.5g, FHAN(2) 9-(5-H2ra2|d-3-U)-9H-7Ht& 3.4g, B4 UEF 1.4g, HEZHY 2 EFT
dxay Ze5(0) 1.5g, 2 574 150ml et Wehe s5mlE ¥ 75CE 24A17P wdkskgith, vk W F
Hazzdey 52 FE6i, F58 §98 58y, I 22vey) n-ait E98re ddaRvED
Ay AAE FAE FFHete] 3 lg AATH. (& 42%)

i

c
m1o

= (

b

NS (BSD) @ D’ 564

I NMR(600MHz, CDCls) & 9.00 (d, 2H), 8.91 (d, 2H), 8.16-8.14 (m, 6H), 7.89 (s, 1H), 7.75-7.73 (m,
2H), 7.68 (t, 1H), 7.44-7.41 (m, 8H), 7.35-7.30 (m, 4H)
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[0164]

[0165]
[0166]

[0167]

[0168]

[0169]

[0170]
[0171]

[0172]

[0173]
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22X 2: 3EE(2)9] A

Ok, A N
© o o Toluene : Methanol
A1 =713 3
o g | ’NT =N\
NS “y N’(Af
) EJ p
2
A By a9 250ml A 37 ZakaTd] =70A(1)0) 1,3-8]2(4,4,5,5-H| EghWE-1,3, 2-TFo] AL
g-2-2)wlAl 1.5g, =3HA1(3)Q 9-(5-B 2Ry d-3-9)-9H-9 2 % [3,4-b]AE 3.3g, EAF YEF 1.4g, H
Ely|l~ Egddyad Z2HE(0) 1.5g 2@ EF 150mlet WeErE 50mlE ¥ 75TCE 2443
WRHERATE, Wk NS Wz & OEERvey B2 FEF, FEH f9S lo-:_:_ol_o:h;} 22 e ey} -3l
b Egvie AdazvtE gy AAZ f98 HH8ke] 3E(2)E 1.92 AU, (& 81%)

NS (BSD) @ Dl 566

I NMR(600MHz, CDCl3): & 9.04 (d, 2H), 8.93 (d, 2H), 8.88 (s, 2H), 8.56-8.55 (m, 2H), 8.21-8.20 (m,

2H), 8.17 (d, 2H), 8.03-8.02 (m, 2H), 7.90 (s, 1H), 7.77-7.75 (m, 2H), 7.70 (t, 1H), 7.58 (t, 2H),
7.51-7.50 (m, 2H), 7.39 (t, 2H)

Lot
ot
i
S
o
kot
o

A 3

/ e
O\B/O\B’O NatsCO4/Pd(PPhy), .
! ! - ;\/N Toluene : Methanol

) 1,3-9122(4,4,5,5-F| =g €-1,3,2-T}o] SAL R
2-)iAl 1.5g, ?”ﬂﬂw]5ﬁﬂiﬁﬂﬂﬂ3°U5H4a [4,3-b]1% 3.4g, Bk UEF 1.4g, H)
g7~ EgudEay ZebE(0) 2g, 2 57 150ml9F wlehE 50mlE Wi 75CE 2447 anbsigich. W
dE ¥ F UEREdEdg EE FE3, FEH 98 FF3%Y. HEZRWE n-dik EFEE
=3

AzvtEfy] AAG §AE FHst] SAF=(3)S 2.1g AT, (& 87%)

me oo (M

NS (BSD) @ D’ 566

I NMR(600MHz, CDCl3): & 9.44 (s, 2H), 9.07 (d, 2H), 8.90 (d, 2H), 8.57-8.56 (m, 2H), 8.25-8.24 (m,

o), 8.14 (t, 2H), 7.90 (s, 1H), 7.78-7.77 (m, 2l), 7.72 (t, 1H), 7.52 (t, 2H), 7.47-4.42 (m, 4H),
7.33-7.32 (m, 2H)
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[0175]

[0176]

[0177]

[0178]

[0179]

[0180]

[0181]

[0182]

[0183]

[0184]
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/\EI/\]cq] 4: g]_tﬂ-ﬂ (4)/] 6]—/\‘]

e P Wo Bl e

B N/Q ) o -
L—\-'\ M ) Nay CO4/PA(PPh3 ) -
&/) m Toluene : Methanol

Z=7HH 5 Z7H| 2

Br

A 7] &+ 250ml T ube 3 ZEkae] SHAI(5)Q 9-(3'-(4,4,5,5-E| Egd|€-1,3,2-T}o] AL R -

A

-)-[1,1'-8lo]# D ]-3-Y)-9H-7}u}= 2g, FA|(2)¢] 9-(5-B 2Ry d-3-9)-9H-7}Iul= 1.7g, &4F UE
1.4¢g, HEZ| 2~ Egddyx 2y ZeH(0) 1.6g, @ EF4 150m19}F WE-E 50mlE €l 75CE 24A13F 2L
gy, WEHS Wt & fEREduy £ &3, FEH 9 w5 tERIdey -4 =
ez APa=vEady AAG §HE wEFete] FFEMWE 1g SATE. (& 40%)

o Yo

il

NS (BST) @ [l 563

I NMR(600MHz, CDCl3): & 9.00 (d, 1H), 8.89 (d, 1H), 8.16-8.14 (m, 5H), 7.89 (s, 1H), 7.84 (s, 1H),
7.73-7.67 (m, 4H), 7.62-7.59 (m, 2H), 7.46-7.39 (m, 8H), 7.33-7.27 (m, 4H)

AaAEAANG 1 RS IAER Fdtee §UIHAARRAA AE

ITO (Indium tin oxide)”} 150nm F7= = F®HH F2 7S olAZx2d 47 A2 223 AFS 3}
I A=A F FeEe AR olF AlA Ata EERvEE ol &3t dr] 7HS 53t /Hlxqo}"’ g Fz
712 7188 olFsFAT).

ol¢} o] FnH|HE IT0 T HAFE FFo 2 A8t 1T0 7|34t HT-1

== Ay Z=23Fe] 45nm FAY FE F
ASE FASATE. o]ofA Xé%—/f"k X3

o
> o2 A HT-258 F3sle] 30mme] 435455S FAFUT. o F, 33E
(D3 mCBPE ZAER FA)d &&3t1 &84 212 0.03nm/sec 2 0.07 nm/sec® 3F¥ 1L, =HEZ BD-1
10%7F ¥ %= BD-1S =338te] AF

= FZELE 0.0lnm/secE &8, T2E9 THE FHLL H|Fo

i

= |

&% ol FFE 30nm FAR FASGTE. 1 Aol JAIE AdF oA FE(1D)S FAEH 10nme O“Al

E Adss dA4slom, 1 9o ET-1& F&stY 30mme] MATEESS Al on, AV ARsET 4T

oﬂ E23l9]E [lithium fluoride] Inmet &Fw|E [Al] 50mmE £ ow Ay FFsele] S3& FAToaM
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