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osla, UHAE gl AL ousitt, Ay dERord 7 §3E 18 (fused ring)d A%, §3E 1
Z Holx she] uErt A7) sEHE 4AE 1 A 4] 23 5 Q.

obd”] g dHzotd oA aE]e] At wag B n|ghdxbae o] ghojr,

]

ne FYNZY(S, BRA4E AT FES W e we)

[

"ebglold )" i volAR ]S} o] 2] AT W, WYlo] £ 7] 4 % of=se] fojt YY) 1}
B oJulsh Ul g Thc,

"ol ety ol g goft WA

e

| ¢4

o

oFg A

k)
Au)
(i
tlo
o,
=)
_0|L
)
e
IS
N,
2
ke
it
i
k0

ot
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[0076]

[0078]

[0079]

[0080]

[0081]
[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]
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"ol ol e gof= & A ghd ofd 2tyEE ofvlsi of- 7| EE

ofgf, ® Wyl ANelE AREWL Fxstel AWIIR stu], AR wUS Fzetel ATl o], FU
At geks T4 aat BUE RUEEE Fojata oo i FHEE A¥e AR U
B gy o] slufe] Sl wrEw | 31| 122 12 FAFHE F71AAL SRS FEe] AleE ¢ It
[F22 1]
R2

RS R'
Ar? Ar'

N~ |N

)\\ J\
Art x! Ar
T2 194,
Ar 2 ArE AR AU TER, A 2 A 47 EPR0E $49%, F449%, A3 £ ux8E 06
1 2

=] €30 o}F7), T 23 wE= v X3g 1 UlA 30 slE|Zeld7]ola, Ar 2 Ar & BAld 2% £AYa

0
e a9 oy,

AR Are A 2 tew, A7 9 A 747 SRhoR A wE aXeE 06 A (30 okd), Ei
g = uxgE C1 WA €30 slel ol o),
W,
1 /C R
Xe Arda w7 o] 3L,
RE Fa97, 254497, A8 £ 0288 1 Wx 30 <27, A wi ux8w 3 WA 30 A2

77, X3 = Bx3E 1 WX 30 FERAZF2LA7], X3 == 83" 06 WA 30 ofgy], ®E
A8 = v xSk C1 WA €30 allE|=obE 7] o)ar,

R4 R A= 27y t2a, R g4 RS 247 58402 294, $52904, A8 w5 vA8d Cl
WA 030 &A7], AF wmE uA3E 03 WA (30 AZF2LA7], A3 £E vxEE 01 WA 30 SEEAE
2947], A% wE wARA €6 WA €30 b, EE Ag mE wHRE 01 WA 030 Sl zeld el

= L 1 2\_, 21.
sEAsAE, A % ArE AR @AY dEn, & 2 ACE 47 SYden fadd, Feadd,

R7
3 _//\\L A
|
Ar5 R5 k// N/g
N R® N
4 :(j /\\
N ’\ 6 R10 \\\K 9
RO = RPola, Ar 9l Ar e Aol BF F294 £E F5294%E ofval,
ArE A3 mE w S 1 A (30 477], A3 mE wASE (3 X (30 AZRAY]), A3 wE 6
¥ C1 WA €30 sERAZ RS2, 28 £ wxsE 6 WA €30 okdy], i X8 wi uHaE Cl

WA €30 slEl=old7]olar,

rlet
=

= "X EE C1 W

R2Re A2 27 dea, R 9 Re 424 58208 $a94, $5494, 3
Es = HIX3E C1 WA €30 SE=AZF=

A C30 7], A E= HASE €3 WA €30 A

=



[0091]

[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

ZIHSd 10-2017-0065282

Ad717], X% == ux3E 6 WA 30 ofF 7], = X3 = v x3k" 1 x| 30 e Zold 7] o],
A X3 = wHEE 1 UlH] (30 L27), X3 = uH P 03 UA (30 ARSI, X3 £ 1A
39 C1 WA C30 dElBAIZR2YA7], X3 == vx3dE (6 WA €30 oFd7], E X3 = nx3d (1

WA €30 slel=ot-d7]ola,

RouA RS Az 27 gemn, ROl RS 242 594on $ad4, $5494, A% £x A8
Cl WA €30 &27], A8 H== HXSE €3 WA €30 AlE2dd7], A& e vjxgkd €1 WA €30 allE=A
FRAY), AF wE AR 6 WA (30 okdy], i AR i nAFE C1 WA 20 A zold Y S
1

e 1 2, 1 2.
99 agAsAE, o 2 ACE A2 @AY dEn, o 2 A 47 BgHen fadd, FRadd

T
7
N~ N\
L W)
=1
N " R10

2

rle
%
o
ke
=y
%2
=y
rir
off
>
2
f
4n
+
b
e
by
t
rle
ol
s
b
e
2
o
)

Y,
R 2 Re A2 27t dex, R 2 Re 44 589808 a4, 5494, B A8 Ee nH gy
C1 WA €30 &z 7jelar,

11 12 11
R 2 R"E Az pAg e, R 2R 4% 59402 $294, $5294, BE A8 22 w18

C1 WA €30 &ZA7le]aL,

R16
~ ~ 3 4 3 4 17
e e, A L A AR 20 e, A 2 A'E 47 sgges R L E
19
- =R
\ >éi
= R20 ol

R WA RS A= Y g2a R g4 RS 247 5940 Sax, 52004, B2 A8 EE 04
sl C1 A 30 7)ol

19 20 19
RY 2 R'e A= 2Au g2, R 2 RS 47 SeheR fadh, $Ra94, £t A8 BE a8

Cl W= C30 &471Yd 4 Uth.
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[0102]

[0103]

[0104]

[0105]

[0107]

[0108]
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A7) X3 wE v g 2 WA C30 dElRolE |9 dE A3 mE v x| dYdr], 23 s 88
d Agutdr], X3 e HxgE Egolxdr], A3 = v[XgE Aoleddr], A3 Ee v X3ty @
297, A T v EE dzgeleddr], X Ei ux3E JQEHr], A Ei= A SE ourx

X gE QIgEdr], XF &= vxg

[1,2-a]9 2] 7], A8 EE A8 adoudzEdr], A8 wi SRR
9 seEoAEs], A8 mE wAER AUAYs), A8 wE w88 AuEs), A8 wE a8 o

Aol d 7], A = WA EE omuEdY], A% Ex 2%
EgEHY], A T HXEE SAlgololEdY], g = WX gk SALEDoEEY], A& = v gk
AolotEd]otEd Y], g = WX Y HxELolEdY], A E= WX SE dAdY], A& E= A
g o], A% e wRgkE fFedr], 28 B X SE HAmgdr], A8 £ v XS olAds
2], A% Ee A zeebxdr], A8 Ee uASE yzaguydr], Ag B v e
971, A& e A g AuEedr], A8 Ee uASE oAt dr], Ee A8 Ee vAEE ddES
gl d7], mhgrd el A8 e nAgE vudr], Af e v dgrigdr], Ag B v g
EdobAdr], A E= HX gk Aolesdr], g e vjRgE dEdr], AS L= HX S Wzl
LHd7], A E= HAEE E™EY], A8 B vAEE on|thx(1,2-aldudr], A% E= v
T HAEE

WAl tp£d 7], A&k Ee vxgE duEd7],
|

& L AR dxEelAdr], A%
HuAd7], g we v xgE FEEE ], H]

A ghE Tlzsol e s d ) %
5

32
e

A7 F7IAAE R AE seE e sbY] Ao fAEE SeE 1 WA 8 FellA A
Aot of7jel FAHA et
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o
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8ol §71%
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[0114]
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o

(13

V=Y
HEOO

(130)&

7NES

=

o
i
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Ak
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o

=
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=
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SRS
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(133),

o}

o

=

o

Ent
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A

ae

floH
P

_
N
N

mCPPO2 =

)
=

AbslE ), Sn0, 2 Zn0%}t

/ﬁl
st

&0

mCBP, mCP, CzSi, mCPPO1
2} z)

] Ql

2
1 Au =& Cul, ITO(1E

o)
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Ea
=
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=
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sleh. Ao
g 27l

=15
=

717347

o

3ol

1

=]
=4

i

[0119]
[0120]

[0117]
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[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]
[0130]

[0131]

[0132]

SIHS3S 10-2017-0065282

T B, $ET B, #3TY 32E 24, AAFES EE, 9 AAFTY EFo] AV 4749 fU1ES
A EEHOE AGHAY B B 3 §U)AAT GRS SRHEY A¥Ho® st AMEE = Q).

AT T A ZA N,N-dicarbazolyl-3,5-benzene(mCP), poly(3,4-
ethylenedioxythiophene) :polystyrenesul fonate (PEDOT:PSS), N, N -di(1-naphthyl)-N,N" -
diphenylbenzidine(NPD), N,N'-T]#d-N,N'-T](3- nﬂ‘%ﬂé) 4,4'-tjopu| =n]# d (TPD), N,N'-t]#d-N,N'-t]r}
Zel-4 4'-tolu|=njHd | NN N'N'-v|EZ-p-E2-4,4'-to}u]=n]dd, NN NN -Ez}H L4, 4" -tJo}n]
HHd, iﬁi(H)l,10,15,20—EﬂEE‘rﬁﬂ‘é—21H,23H-LJ4ﬂ 53 22 9 W (porphyrin) e FEA, Fi E£x=
=3l ek 3atolul s Zke= A, 1 1-0] 2 (4-v-p-Edopr] o ) A S 2 E4t,

NN N-EZ(p-E2)olTl, 4, 4', 4'-EF2=[N-(3-HEHDd)-N-Fldolr| =] E o do}tlz} 22 Egoldolnl
EA, N-EdytEntE 9 ZeiujdytantE 22 JtEutE A, F54 TERAohd, FEZgR Aol
22 TgRE Ao FEA, ZEPHRE 0}‘:’] A, Qlopiz=gwlAl f=x], Waks shgolvlzt g™ oyl
o3t Eo A, ¥ AT 58 5 A=

A =4 @24 diphenylphosphine oxide-4-(triphenylsilyl)phenyl (TSPO1), Alqgs, 2,5-to}d A& f=

(PyPySPyPy), HZF2 gvolEl= 335 (PF-6P), Octasubstituted cyclooctatetraene 3}&=E(C0Ts)S &

o

2

Slek,
ool foAANgA QN A4 FAF, A% F8F, 4T £4F L AT FUFS P 89
B9 sht ool FRE TR VY Fom FYHAY, ®E 45 AFW, JolF TR FFRL FH
t Bee zom T4 5 Ao

BYAREA B EA FF FAR, FYSIAA, Aol Ma, f7] AdeolH R PP S A4S 5
ot PAdemt, sEA S¥E, EruSAolSA fFE, s EruSAelS HFE,

bis((3,5-difluoro-4-cyanophenyl)pyridine) iridium picolinate(FCNIrpic), tris(8-hydroxyquinoline)
aluminum(Algs), SYE=HA, #HiWEA, a1, A4, g€, z2d, 340 9@ Yz 32 Zgolzn}
g 33tE, FAHAdY 22 SFuddd 3FE, 1,4-9]2 C-vE=gE)mlAl, 1, 4-v]=d-vd =g E)wEl,
1,4-v]2=(4-m g -5-H d-2-S AL )i, 1,4-¥]2=(5-ad-2-SAE )AL, 2,5-H] 2 (6-t-F-E-2-Hl 25 A1 =
G)Atol e, 1 4—13]31] d-1,3-Feghrel, 1,6-99d-1,3,5-FALEF A, 1,1,4,4-8| Egtud-1,3-F-Er] A7 22
AN H AL A e, A FEA S FHAA, Fui *“5\_ YAjolredd AT A tAjolmE
AAlol o gk A4 %ﬂﬂﬂ‘ﬂ A SaM=ERAl M, FA A4 JIERAEE A HEd A S
AL Bt EE, 2" § 54, 292 S3E, SAHolE e 5 E 4 AT
2 o] /7] EL &A5 FAsE 4
ko 2 PAAIIAY, 7 FeA ALEEE ARE ol&dte] AxE
o

= [e)
5w Age glovl, Ane S40 we A HEE 5 9
=]

=4

ofj

[e] 3L = 3
< XE T, &

F an
B oge) WE foAANEAAE BB AT Sl ool Y4W & donw, v ¥4 FHo| 3
A3, AEGpin hole)o] A9 gl FAF How golshl 22 & Ax FHol ATk

wgo] wE AL GRS sgE 9 olE b FUIRAEFLAY] Az
e vs rAder Adt. gy ol CAE f% AomA ol ofste] el Rt s
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[0133]

[0134]
[0135]

[0136]

[0138]

[0139]

[0140]

[0141]

[0143]

[0144]

[0145]

SIHSd 10-2017-0065282

cl _ 1
s [ PA(PPh3)4 / K2CO3 o o
¥ 1] & ~ ; | I- .
() [ B(OH); NN
. )
ST 1

A 2971 skel s00ml ewbe 3% EERAade] 2-FEEA4,6-vddE-1,3,5-E8jokl 17g,
(2,6-T222Hd)EEZYA4 13.4g, HEZV|~ EFudEsy Z2tE(0) 3.7, BHEFE 26.3g 3 tdgdas
2O e 30mlS 91 252 150CE SAAAFH 16A17F SoF vt @ $FA| A Fr). w2 ANS U
P 3 O2EEdes 28 35351, 759 895 58500, S22y n-d 238me 4438
ntETHE] ARG A F58Ho] 2- (2 6-tE2 29 d)-4,6-tHdd-1,3,5-Eg|o}R 4g& AT, (& 17%)

MS (ESD) : [M+H]™ 379

Az 2: FA2) 2-7d-1-(4-(4.4.5.5-HE e} El-1,3, 2-T] SA R -2-9D) s D) -1H-wl = [d] o] ]} = €] §F

A
N
N = . N
i ) Lo 0-\ PdCI2{dppf) f KOAC
N — + B-B
=g
B.
(o]
\ o 1~
Br
SUM 2

Az #9171 ko] 500ml Torwbe 37 ZEkade] 1-(4-BERAE)-2-dd-1-HZ[d] ol v|thE 25g, H]A¥y
ZeoEYRE 20g, oMAEA ZHE 21.1g, [1,1'-¥la(toldld 29w 24 tolF2 22 (11) 1.6g, %
L4-tfo] &4l 400mlE WL 80CE 16AI3F wubeigivt, wkgols Wzh § fazedds =2 355, %
1 &Ae FHSUT. 24 oEd n-Ait EGEw @E*ﬂiu}g:mpq AN e gHS EEale] 2-7d-1-
(4-(4,4,5,5-HEZE-1,3,2-t] SA R &-2-) o ) -1IH-Wl = [d] o] ] o}h& 28g& Ak, (F& 99%)

MS (ESD) : [M+H]™ 397

Az 3: FAQ) 2-C-2229d)-4,4.5.5-HEZWE-1,3,2-T]AH Q9] A

|_ -_,:_[_.El.r o o~  PdCi2(dppf) / KOAC e
] + J B-8B |- 2 e B
el i x,-"'--o ol :| | (@]
T
S7HH 3

A 297 &ko] 250ml Ftuber 37 Zebad 1-RER-2-F 22l 9.6g, v U o]EYRE 15.4g,
OM]E/& 28 14.8g, [1,1'-#]2(TolddE v ey 24 the] SR 2 F e (1) 1.1g, B 1,4-Tho] 4 200m!
5 Y3 80CE 16413 ankslgich, whgAS W7 F rFRadud 22 &5, FEF9 898 w53
o \‘4% =k} p-dt el e AdaRvtEady] QAR A4S sHete] 2-(2-2 2 2d)-4,4,5,5-

mlo
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[0146]

[0148]

[0149]
[0150]

[0151]

[0153]

[0154]
[0155]

[0156]

ZIHEd 10-2017-0065282

HEZHE-1,3,2-t]2A 1282 6.3gS AU, (& 52%)

MS (ESI) : [M+H]™ 239

Az 4. FHA) 2-(-F=2 27 d)-4,6-t]Hd-1,3,5-Eg| o} 2] 34

. G ®
O~ " ~ el
s BT NN Pd(PPh3)4 | K2CO3 i
| _ |I N [ ] |
0
SHH 4

Aa B97] k9] 250ml Totuber 39 FEbadel AlZd 3 AR 2-(2-F2=2¥d)-4,4,5 5-HEgE-
1,3,2-T] A E #HQl 6.3, Eﬁ}*ﬂoﬂ 2-F22-4,6-t)9d-1,3,5-Egokd 7.7g, HEZI A EALdEAA
Ze}5(0) 1.5g, B2bE 10.9g 2 toldaZgFomgdly 200ml& Wi 255 1502 FAAATH 1641t
Tob wak 2 BFAA FAG, wsdS Yzt & gIFEaduy B2 FEsa, FEE £98 FEI90
ez -3k T8 AdamvtEadgy] AR &S FFH5tho] 2—(2—%iiuﬂ‘é)-4,6—ﬂﬁﬂ‘é-
1,3,5-Egfobd 7.4g5 ATk, (& 83%)

MS (ESD) : [M+H]™ 344

AA e 1: F3E(1)] A

a” o i Pd{gba)2 | XPhos [ K2CO3

A 971 kel 100ml Towbe 3 FEpaTo] AlFRd 1oA4 AxRdE 2-(2,6-UEE 29 d)-4,6-t 5 d-
3,5-Egolzl 2.9g, A|Fd 204 Axd 2-#Hd-1-(4-(4,4,5,5-E|EgHEl-1,3,2-0]) AR 2-2-) H|d)-
H-Wlz[d]olm k& 9.2g, vl (HHlAg ol E) &5 (0) 0.9g, 2-TAol SR A X ~T -2 4,6'-EF| 0|4

Z[d
Zzgnpeldd 0.8g, SMbPEFE 5.3g8 HoEdd=mEdy 7onls ¥al 255 150CE FAAATH 16
7=

—

Al ZFEQF wuk W BRFAA FUU, wreaS Wzt T rERadvey B2 F&3la F5F 98 v%319
o 24 e p-F Egvile AdasvtEady] AR &s w5t IS REA S WE$eS o &
F AAAES Bl seE (DS 4.2¢ A (5F 65%)

MS (ESD) : [M+H]™ 847
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[0157]

[0159]

[0160]
[0161]

[0162]

[0163]

[0165]

[0166]

[0167]

[0168]

S IHEd 10-2017-0065282
I NMR(600MHz, CDCl3): & 8.41 (d, 4H), 7.80 (d, 2H), 7.73 (t, 1H), 7.65 (d, 2H), 7.56 (t, 2H), 7.48

(t, 4H0), 7.41 (t, 8H), 7.24 (t, 2H), 7.20 (t, 2H), 7.16 (d, 4H), 7.03 (t, 4H), 6.97 (t, 2H), 6.68 (d,
2H)

Ao 20 3§HE(2)9] A

Pdidba)2 / XPhos / K2CO3

-

Az B97] ste 100ml S2ube 390 ZEfaTo) Axd 4o AR 2-(2-FE2 23 H)-4,6-tHd-1,3,5-E
Zolxl 6g, Axd 2004 AxT 2-Fd-1-(4-(4,4,5,5-FlEgHE-1,3,2-t] A R @-2-2) ) -1H-H % [d] o]
HthE 10.4g, Hl&(HAAZ N E)ZeE(0) 1.6g, 2-UAIo] SR AMNE AT 1e-2' 4,6'-Eg o] LX 2 HH}o]
Ad 1.3g, ©HEE 7.5¢S todd=ForEedy 7TmlS ¥ 255 150CE FAAATFTH 16412 5
awt @ FAA FUG, wgAS ¥4 T gFEzddy B2 FE533 #3539 §98 FEFSIT. A
g3 p-d5k E38E AfazvEadg s AAG §HE wHte] FFER)E 7.3z BAUTE. (& 73%)

MS (ESD) : [M+H]™ 578

I NMR(600MHz, CDCl3): & 8.52 (d, 4H), 8.28 (d, 1H), 7.83 (d, 1H), 7.70~7.60 (m, 2H), 7.58~7.53 (m,
3H), 7.51~7.45 (m, 8H), 7.28~7.24 (m, 4H), 7.10 (t, 2H), 6.99 (t, 1H), 6.79 (d, 1H)

2AAA Y 10 33HE ()T} mCBPE 3 2ER ¥ 3l S| AL F A2 A%

ITO (Indium tin oxide)”} 150nm F7= = F®EH F2 7|#HE olAZx2d 47 A2 223 AFS 3}
I AFRAZ & FEE AAVIR o)FAIA At & w3 Ageta Ay &

712 78S olFEit.

ITO (Indium tin oxide)”} 150nm F7|=2 = F®HE F2 7S olAZx2l 4FL SA2 229 AFHS 3
I ARA T FEE AR ol AlA Ata EEtzvlE o] &35te] A7) 7]%’% 5%7F AAste e S

N2 Awe olEsslth,

ol¢} o] FulH IT0 ¥4 AFS dFo= AREst 110 715 Aol DNTPDE %
THUSTS FAsT). ololA Al HATFETLEA NPBE F2ste] 10nm T2 Al
w, ololX A2 FFFE FTOEA mCBPE FE 5] 10nm FAL] A2 HITFESTE o]
(1Y} mCBPE =2ER 3l T&FEEE 0.1lnm/sec, FIr69e] S2EE=E 0.0lnm/sec® F&3taL, &%
o] 10%7} H=% FIr6E =33l A35ESF 9o 23FS 40mm FAR FAASGIT. st
mCBP= 1:19] FIH|E Ztes wh32S A3k, 1 9o AANE AeF o =4 TSPO1

15
35
o ANE AF S FASGOm, T o] TPyPBE AT 1o TS AASEFS GAson, 4]

rUlO tlo
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[0169]

[0171]

[0172]

[0174]

[0175]

[0177]

[0178]

[0180]

[0181]
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ol
ol

AAEFES Aol LiQE 2nm 74, &FvE[AI]S 50nm FAZ Aoz AF FFsle] S5 JAsto =
A 7 AA DG A2AE A 25T

ZF 549 ER4&xE {7]=2< DNIPD, NPB, mCBP, TSPO1, TmPyPB+= 0.1 nm/sec, LiQ¥E 0.02 nm/sec,
AT FL 0.2 nm/secE AT},

AN e 20 38R (2)9) nCBPS S AER ¥3sl= AR AR Az

HFFe TAER SRHE() dilddl SEQ)E AT S Alfdstas A d 13 FU e
NAARF LS Azt
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