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< ENC < ) S iy i
> O () 3 I3 F%% §Eh SR g
z z o B W SRS MR oo —
7\ 5 75 N = T m=H oTp B o
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O T O R T S DA I
z = T LR TN ST S w
. = No ) ~ o Tk w i ol i do
o = B S Mo o e X o o PP o D
[ [~ X — ‘DFL OM .Aw._ o = = X
o AN 4 ~ ol S " oo ®
oo DoF T i T L oo ® o
> = R S N T o oy B = W ~ = ~
z= O ) U S T o
A\ — X0 - R Ne %P H X )
2N\ J i i G TET T RAM P Nl Tw oy T
W, m < — % ook o, O R "R T
s 2y 2_| _ﬁo ~ — FL KO AT ME ME o
T P TR BN NN O
HT B ® B A 0 <3 oo o )

[0184]
[0185]
[0186]
[0187]
[0188]
[0189]
[0190]
[0191]
[0192]
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[0193]

[0194]

[0195]

[0196]

[0197]

[0198]

[0199]

[0200]

[0201]
[0202]

[0203]

SIHS 3 10-2017-0048980

2oy, vtadlE 39, 4F0E S B Atk o9, &FuE/Al0, &FEHE/HE, s/ ®
= rlvlE/JE S5 AMEE 5 o 25289 A= 10 WA 200nm 7F HReEE] SO}
S v E 10% ol FEHES A=
W Q/mm osteltt, M=ol FAE 10nm WA 1m, R}
vk S A= 10 HW 400nm ©o|t}. o]Hd HAFL 3ery 7|AFZH(CVD), =EA 7IHFFPD) 59 JEsH
. i
j=]

i £
o
o
o,
[
Ju

Y oEE ~dEYEE Fole AR AT ARE svhes gaysel AxE 4+ Ak
T 2 U] R0 At B dye] fUIHANGAAE s AHed W, XY AFFE 24, A
FTTY B, ¥3S B, 43T $2E B4 AASFE B, @ AXFY Edo] AV 449 FU1EF
A GdEog AR EAY T B ay o G AAN S AL ey AEH oz Wasie] Alg= 4 Q)

A T EHZA 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}sd-N,N'-t](3-wl€=d)-4,4'-t]o}n] =8| = (TPD), N,N'-tjsd-N,N'-tji}
g4 4 -Tlobwu] s d, NN NN -HEe-p-Ed-4 4 -Tlopreu]sld, NNNN-sEatsd-4,4'-T]opr]
vsd, ZH(11)1,10,15,20-H E} d-21H,230- 29 T3 &2 I (porphyrin) s =], T4 E=
Z 4l s 3atolul g Zb= A, 1, 1-¥] 2 (4-t-p-Fdotr g ) A 234
NN N-EZ(p-Ed)oldl, 4, 4", 4'-EA[N-(3-HEzd)-N-gdoelr =] Eg]sdo}vlz} 2 Eololyl
SA, N-ddztERE 9 Ee|drtEnE 22 JlERE §RA, Fod TEEAold, FE|XEREA ol
zZ

do mgEAold fEAl, AHHAE ofyl fuAl, dolWzGuA fEAl, WFE AFelun 2EY oy
SgEel FEA, L B8 £ 5 4 Ak

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

(PyPySPyPy), HEZF2g|vlolEl= 3}85(PF-6P), Octasubstituted cyclooctatetraene 3}&E(C0Ts) & & &

30 2
2

2
D)
AN
o,
" ol
N
_|>i
4
T ofy
0 )Jv
o
o
-
oy
o Nv
S
o

T FAFE PR B
=
2

A 2 :
S8 Bhe BY 3oz YA, BE 4s 43H, 40T Tl ATEE The
[}

o [ = 7
lo
_?L

WFAREA e B FF FAAR, FEFSUA, oA Mz, 7] Aoy % dF 248 A%E =
T g A eRE, JbEA S9E, ERASAel=A siehE, JHEEA 2AASAlE Shehe,

bis((3,5-difluoro-4-cyanophenyl)pyridine) iridium picolinate(FCNIrpic), tris(8-hydroxyquinoline)
aluminum(Alqgs), QEZHA, #HJGEJ, Jd, 324, AFA, 32d, Fud 2 FAyge=y gL Zgolzn}
g 33tE, FAHAdY 22 SFuddd FE, 1,4-9]2 C-vE=gE)mwlAl, 1 4-v]=d-vd =g )wEl,

1,491 24 E-5-d-2-SALE2)ulAl, 1,49 2(5-3d-2-SAEE)lAl, 2, 5-U] A (5-t-FE-2-Hl =2 SALE
)rtel o, 1 4—11131] g-1,3-Fedd, 1,6-03d-1,3,5-dALEL A, 1,1,4,4-HEZHD-1,3-FElr] A 2

dAdE el g Addoly, A FrEAe] S&2A, Frkdl A, gAjopmrdlvg A4, fAjobrrd
drro] S.uf gt A, iﬂﬂﬂﬂ A, SadlzctEdAl M, ke A Jte R aEE Aa, HJ8d g, &
AR s, g fEA *Ai e, SAHoE SEE 52 & ¢ Sl

ool §7] EL &8 Fske 4 T e S, 29 3" Ee A" g gAE PHe Esho]
utgto 2 PP AY, 2z FolA AMEHE AmE olgste] AxT 4 gtk o5 ATl HEAAel dEiA e
53 AT glon, Awe 54 wep Aot Agd 4 gloyt, BE 2m WA 5,000nme] HLjlM 2%
2 5 A

o, AAE Bt ¥ ouwel W fIAARFLAS FGE U olF EPhE F/1HALY
WHE oS AR P ey ot dAE A% ACEA ol elste] B Wyl Welsl 43

_32_



[0204]

[0205]

[0206]
[0207]

[0208]

[0210]

[0211]

[0212]

[0213]

[0215]

[0216]

[0217]

ZIHSd 10-2017-0048980

Aol o,

A 297] ske] 500ml Tube 3 ZEkadd 1,3-tHERR-5-ZF 0 2Hldl 15.0g, H-7HFE 9.9¢, AF
2

stol=gto]= 4.7g 9 TivdEFolulo]= 200mlE il 255 110C AF 1247 ok wdAA F
At WgAs WA F vErevdd B FE5kaL, %%Fd AS FFeAT. n-FA §rj2 APaw
RS E AAE a8 FHEte] FHA(1) 9-(3,5-T HR R HE)-9H-7}E 9.0gS A & 38%)

NS (BST) @ [l 401

Az 2: FHA(2) 9-(3-HE=R-5-(HulzFepd) 3 d)-9H-ItutE<] A

Ty

Pd[(CsHs5)3Pls, NaO-t-Bu
+
o G o
o,
Br Br 7<< Br O
(0]

A #4917 8o 500ml Fubel 39 EEkadoel] FHAI(1) 9.0g, 2-(HllxFEbd)-4,4,5,5-HEHE-
1,3, 2-HSAE 2Rl 6.6g, t-F5A UHEF 6.5g, HEV|2EAdE2adebE(0) 1.3g 2 HEZ o=
i%a 180ml, & 45mlE Wil 52 60CE FAANATH 4A17F Bt wwk @ FAA FUrE, w2 AS 1
Z1e & YIREduad B2 FE35, FE29 £98 5300, dEEadey n-dik E38E Aga
2utEIY S AT A8 FEFe] FIHA(2) 9-(3-EEE-S-(HHlEFed)dd)-9H-7HE 7,208 A
o (& 66%)

NS (BSD) @ D]’ 488

Az 3: FZHA3) 9-(3-B 2 w-5-(HW2E] e 3 d) s d)-H-71}E 2] A

ol

Pd[(CgH5)3Pl4, NaO-t-Bu
+
2 QO
o]
Br Br 7%< Br O
S

Ah E971 dke) 500ml SEbE 37 ZEkaFe] FIHAI(D) 10.0g, 2-(UMZE 2 ud)-4,4,5,5-H EvE-
1,3,2-tSARZHQ 7.7g, t-F5A] YEF 7.2g, HEIV|2EYAdE2AZ85(0) 1.4g B HEZS )=
ZFT 190ml, B 45mlE 931 LEE 60TCE SAAAFTY 4AZF o wuk B BFAA FUTh R HS
Z1e & YIREduad B2 FE35, FE29 £98 5300, dEEadey n-dik E38E Aga
ZotEaYdE AAG A8 F53le] FTIHA(3) 9-(3-EEE-S5-(HHlzE LdHd)Hd)-9H-7HE 8.1gS A
Ak, (& 64%)
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[0218]

[0220]

[0221]

[0222]

[0223]

[0225]

[0226]

[0227]

[0228]

[0230]

[0231]
[0232]

SIHSd 10-2017-0048980

MS (ESD) : [M+H]™ 504

Az 4: Z7HA(4) 9-(3,5-TUBZEHY)-9l- g -7} 9] 34

i @FQ
N NaH N N
+ N -
7\ DMF
Br Br .
Br Br
Z2o=2wA 15.0g, 9H-a-7+EH 9.9g, &

= R-5-
=479 e EEololol = 220ml S B SEE 10CE FAAATE 1242 Bt A
[¢)

FAY. rsAS Wzisk & gEz vy B2 &0, FEEH 98 FFISGT. -9t SuE AR
ZolEa#IE AAE fHS 2ol F=70A(4) 9-(3,5-TEEZRHE)-9H- ¢ 72 7.6gS ATt (&
32%)

NS (BST) @ [l 402

Az 5: FHA(G) 9-(3-B 2R -5-(Hl zFebd) 3 H)-OH- a -7h=d o] A

QO L
Pd[(CgHs)3Pls, NaO-t-Bu N

THF, H,O O O
Br Br Br O
(0]

A B97) 8¢ 500ml S2ubet 37 ZkaFo] Az 40lA AxT FA|(4) 7.6g, 2-(HlHlEFErd)-
4,45 5-HEGHE-1,3,2-tJSA B2 5.6g, t-¥5A UEF 5.4g, HEIII2EHAIEAAZHE(0)
1.1g & EﬂEE‘rﬁ}O]CE%EP 155ml, & 40mlS Y3 252 60CE SAAAFH 4A7F Bk myl 9 3FA A
FATH, WEHS Yre F YEEEdEd 52 FE3a, FEE 95 F5I%0Y. EE R e n-d4t
=em= @E*ﬂiu}E:LaM% AAG gde FHE] FHA(B) 9-(3-RE2E-5-(CHlEFeEd)ddE)-9H-a
-7HEH 6.4gS AT (& 69%)

MS (BST) @ [’ 489

Az 6: F7HA(6) 9-(3-H 2R Y)-9H- a-FH= 9] A

\

H
N 1,10-Phenanthrolin N N
+ N
B / \ K2C03, CUl, DMF /©
r
Br

A 2Y7] 59 500ml FEube 37 ZebaFd o-7FEE 12.0g, 3-HEFolole =ulAl 20.2g, EHAMAH

’ =
19.7g, 1,10-dJdEZH 1.3g, ololeWdla] 1.4g 2 Wﬂl%z% Frlol= 22mlE Y 252 12002 §4
A AFH 12412 &<t wgk @ /A A Fok, g3 dE Wrhsk $ IR 2dey 52 FE3a, FE2E &
I FEIGY. fEEZ2YEY p-dF E3rem2 é%ﬂiﬂ}ilﬂﬂﬁ]—% AAIgE gHS FFHslo] FHA(6)

9-(3-H2EH)-9H- a -7+ 18.5¢S AU, (& 80%)
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[0233]

[0235]

[0236]
[0237]

[0238]

[0240]

[0241]
[0242]

[0243]

[0244]

SIHSd 10-2017-0048980

MS (ESD) : [M#+H]" 323

Az 70 Z7A(7) 9-(3-(4,4.5, 5-HEZME-1,3.2-t] A 28d) A d)-9H- a -7} EH 9] A

( \
N’ PdCl,(dppf), KOAC N~ N
N io\ /Oﬂg 2(appr),
+ B—-B
O R e

O\B
Br \éit
O

A 29171 8] 1000ml Ftube 370 Eekaael] Alxe] 6914 Alxg FIA(6) 18.5g, HIA(IHEEtE)H
HE 18.9g, oMEAZE 22.5g, [1,17 -Hla(tadxayw)dzdlvgz2deb5(10) 1.7, 3 trgd%
Abo]= 550mlE Yi &%2 95T E FAAAFY 20417 FoF WHkAA FAuh, wkslS Wzt F gEsay
g B2 FEsta, FEE 9% sFe%T. S22y -4 EFEmE AYaRvETY9E A
& §AE FHst] FHANT) 9- (3—(4,4,5,5—ElEE}nﬂ%—1,3,2—\4%*mia}é)uﬂé)—91{—a—?}%ﬂ 9.3g% ¢
ATk (& 44%)

NS (BSD) @ Dl 370

Aol 10 gstE )] §A

O

N "OH Pd[(CgHs)3P]s, NaO-t-Bu

L ‘o

THF, H,0

S

By & 250ml Htubel 3 ZelaFo] AlFd 2004 AZ3 E=7hA(2) 7.0g, (3-(9H-7huEE)HY) R
b 4.1g, t-F5A HEF 4.1g, 51153}7]i531ﬁ1]‘é4iﬂéi‘rg(0) 0.8g 2 HEZE | =2FT 130ml,
2mlE YW 60CE 4A17F wdk @ SF[AAFUC, vh-gAs WZhgk & fIR2 ey E2 F32
FHSIAT. HEEEEd -4 EFE iR A aReEag e s AAg 89S &
HEeded AS2dior Q2Aste SFE(D= 6.72 BATE. (& 72%)

MS (ESD) : [M+H]" 651

'H NMR(600MHz, CDCl3): & 8.24 (s, 1H), 8.19-8.15 (m, 4H), 8.02 (s, 1H), 7.99-7.97 (m, 2H), 7.91 (s,

1H), 7.87 (s, 1H), 7.83 (d, 1H), 7.78 (d, 1H), 7.74 (t, 1H), 7.66-7.62 (m, 2H), 7.58 (t, 3H), 7.50-
7.41 (m, 7H), 7.36-7.29 (m, 5H)
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[0246]

[0247]
[0248]

[0249]

[0250]

[0252]

[0253]
[0254]

ZIHSd 10-2017-0048980

Ao 2: 313HE(2) 9] A

N OH Pd[(CgHs)3P]4, NaO-t-Bu

O O O N THF, H,0
L, &

A #9171 st 250ml FERbe 37 Eekde)] Az 3ol AxFd FHA (3) 8.0g, (3-(9H-7MFEE)HE)
BHEYr 6.8z, t-FEA YEF 4.6g, E]Eﬂ?liéﬂlfﬂl‘é%/\ﬁ”i‘r%(o) 0.9¢ 2@ HEZHIo|=2F 160ml,
5 S Y3 60CE 4Az Rk 2 FFAAFAJG. v AS Pzhs & g2y 52 F&3ka, F
¥ 898 FF. UFEZ2 ey n-dik 2FgEu éﬁ*ﬂiﬂkilaﬂ 9 A g FHEL, TF
H |98 fEERvgd ASFEIAMe R QAAStY FFE(R)E 5.3z BAUE. (& 50%)

MS (ESD) : [M+H] 667

1
H NMR(600MHz, CDCl;): & 8.37 (s, 1H), 8.25-8.20 (m, 4H), 8.13-8.01 (m, 3H), 7.93 (s, 1H), 7.87 (s,

1), 7.81 (d, 1H), 7.79-7.72 (m, 2H), 7.69-7.65 (m, 2H), 7.61 (t, 3H), 7.59-7.48 (m, 7H), 7.42-7.31
(m, 5H)

Ao 3: 3h3HE(3)e] A

Y /
B
N~ N Q OH  Pd[(CgHs)sPls, NaO-t-Bu
+
O O O N THF, H,0
L O

3

2 297 o} 250ml e 3 EEkaddl AFe] 5ol A AxzE FHA(5) 6.4g, (3-(OH-FMIEE)HD) R
Uit 5.6g EA JEF 3.8g, HEII2EGHIEAAZHE(0) 0.8g 2 g Egslol =2 E S 130ml,
30ml &

%'-z 60T 4417k Ik 2 BRAAFAL, WA WA ¥ UFRgl) 22 FEaa, F
A §2 FEAQY. OZadust - EFEuE ARAEadY AANG §Ne FHHT, F5
g vaEdun A2RdNoR AFgse] SFE(B)S 5.5 AT (& 65%)
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[0255]

[0256]

[0258]

[0259]
[0260]

[0261]

[0262]

ZIHSd 10-2017-0048980

MS (ESD) : [M+H]' 652

1
H NMR(600MHz, CDCl;): & 8.64-8.60 (m, 2H), 8.53 (s, 1H), 8.49 (d, 2H), 8.28 (d, 1H), 8.09-7.97 (m,

3H), 7.93 (d, 2H), 7.88 (d, 1H), 7.81(t, 2H), 7.79 (d, 1H), 7.70 (d, 1H), 7.65-7.59 (m, 4H), 7.52-7.42
(m, 3H), 7.33-7.16 (m, 4H), 7.12 (m, 2H)

AN el 40 BStE(4)e] FA

sevilvar

N Pd[(CgHs)3P]4, NaO-t-Bu

7B Br O £
© o

N

v Q)
¢ @
N

0

4
A #9171 38F 250ml FEube 39 Fekadol Alxo] 7oA Az FHA(T) 5.3g, TA(2) Tg, t-F5A|
UEF 4.1g, HEHI2EHHALE~ Jdéa‘rg(()) 0.8g ¥ HEZslo|=2 52 140ml, & 35mlES Y 60CE 4
AlZE Rk 2 FFAAFAG, wEdg Wrtek & R Ry E2 FE51, FEE 9% % sH
ez 2 ey n-d4k £33z AP 2rtETds] A &AE& 5530, 59 95 fESEEday
Alg2diod AAAste] SE(4) 3.2¢S AT (57§ 34%)

MS (ESD) : [M+H]" 652

H NMR(600MHz, CDCl;): & 8.49 (d, 1H), 8.40 (d, 1H), 8.24 (s, 1H), 8.17 (d, 2H), 8.14 (d, 1H), 8.03

(s, 2H), 7.98 (d, 1H), 7.88 (d, 2H), 7.84 (d, 1H), 7.79-7.74 (m, 2H), 7.72 (d, 1H), 7.65 (d, 1H),
7.59-7.55 (m, 4H), 7.49-7.43 (m, 4H), 7.36-7.30 (m, 4H), 7.25 (m, 1H)
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[0264]

[0265]
[0266]

[0267]

[0268]

[0270]

[0271]

[0272]

[0273]

[0275]

[0276]

SIHSd 10-2017-0048980

Aol 50 sstE (7)o #A

N N N N Pd[(CgHs5)3Pl4, NaO-t-Bu

) .
8 Br ) )
© o

N
v L
< @

9171 8 250ml Ftube 3 ZEbesdel] Alxd] 7oA AlxS Zﬂiﬂ(?) 6.1g, &7HA(5) 8g, t--5A]
F 4.7g, HEZHV2EGALEAAZ2E(0) 0.9g 2 HEZ 3o =

gk g FFAAFAG. HEAS Ye $ fIz gy
22vety} -t E5gvlE AYaEeiEde) HAAg &9
2oz AAAS ] 3E(7) 3.8¢% AATE. (& 36%)

> O > o
[1]10 ﬂl‘ln_‘
o HU

my e A (mo R

NS (BST) @ [l 653

I NMR(600MHz, CDCl3): & 8.62-8.56 (m, 2H), 8.51 (d, 1H), 8.47 (d, 2H), 8.35 (d, 1H), 8.21 (s, 2H),

7.99 (d, 1H), 7.89-7.67 (m, 3H), 7.61 (t, 2H), 7.55 (d, 1H), 7.50 (d, 1H), 7.47-7.41 (m, 4H), 7.36-
7.30 (m, 4H), 7.24-7.11 (m, 4H)

AN G 1 3gHE (DS $2ER I8sle fr| AT daA A%

ITO (Indium tin oxide)”} 150nm F71= =9 Z€H F2
I ARZA F FeEv AR ol AlA Ata &
712 7188 olFsFAT).

ol¢} o]l FHlE 110 1 HAF5S FFo= AME3st 110 71 Aol DNIPDE F& F23te] 60mmT7e B
TASTE AT oo Al 14E FETOoRM NPBE TS 10mme] Al 14 %
ololM Al 24E % STOoEAM nlPE FH8t 20mme A 2 Ay FETE FYs) =
FrER o}oq THEEE 0.1mm/sec, FIr6e] THAEHEE 0.0lnm/sec® FAetal, FaE&E H[&o] 10971 ¥ %

% FIr6E =33t A34$3 9o 233S 40mm FAZ F4skqdct. 1 9ol A E AdFo2A TSP01S
<&t 15nm4 dAE AdSE FAssler, I 9ol TwPyPBE  FFBEle]  1bme] AASETE
gAstlon, 7] Aaeds el LiQ 2nmek &FvE [Al] 50nmE s oR Ay st 558 94
gow

A ARG A Az

ojluf, Z+ EA9 =& = {757l DNTPD, NPB, mCP, TSPO1l, TmPyPB: 0.1 nm/sec, LiQ+ 0.02 nm/sec,
421 5E 0.2 nm/secE 3T},

AN 20 B3R ()8 S2ER ¥eslE fuldA g AF

g5 S2ER SFE(D gl sEE(2)E AMEe HS AYstae aAdA 19 Fde HeR &

71AAEF A Az
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[0278]

[0279]

[0281]

[0282]

[0284]

[0285]

[0287]

[0288]

AN A 3 SRR ()2 SAER X §she fr|dAE G AR Ax

AN e 4: ShgtE (S SAER Fohehe U] dAE AR Az

Wgso TAER Sg=(1) dild sEeE AR Ae Alstals
ZIAAEF RS Azl

AN G 5 SRHE (NS S2ER X8k fr|dAEFa4 A=

ZIHSd 10-2017-0048980

Wgso TAER Sg=(1) il sE=(De AR e Afstae 2AdAd 139 3dd HeR
%

Z1AAE GRS Azl

ft
B
of\i
o
bt
Lo
]
m-[n
=
).

Mol CzSiE

_39_

AREE A& AQstarE X



ZIHSd 10-2017-0048980

[0290] A7) A e D AxpE]alef o Al AF&-E DNTPD, NPB, mCP, TSPO1, TmPyPB 2 (zSie] T%21& ofgje} Zt}.
pe Jq 9 °
o <O
DNTPD
Sy
@ 03010
meP TSRO
TmPyPB
ﬁg
Si Si
[0293] T A G AR EA FA
[0294] o3}, 2AAA 1 WA 5, D 2 H e 1o wal AzE §7) A ARG A2E 100 cd/m’ =N EAL 1]
w3ty 1 ARE 37 ® 19 YERNAG.
I 1
[0296] T TEE AS 100 cd/n’ol 4] 100 cd/molH A=EE
TEAY V) (cd/A)
AAAA A 1 s E (D) 7.2 12.2
AR 2 33E (2) 7.6 10.1
AAAA A 3 33 E (3) 6.9 12.3
A A A 4 33E (4) 7.5 13.4
A A 5 s E (7) 9.0 6.2
A e 1 CzSi 8.5 7.5
[0297] =g ES A4S 0V HE 10 VA AeA71HA 3 =A(Minolta CS-2000)5 o]&3le] L wo] s 573
sla, S3Y FJEFS AFeR Yol ZyE Aok, =3, AFRFE AL FEA(Minolta CS-2000)E o] &
st S48tk
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JHE ol

prnl
=)

Fr71 A A G A Aol ALE-

Fohe

+——130

110

=130

A 18T

A 136

——— 135

i 133

4] Prvesgeias 132

110

131
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patsnap

TRBR(F) R BT ENEBAABRUNCENNET 2SN BN BEBR RN
[F(RE)F KR1020170048980A RF(REH) A 2017-05-10
RiES KR1020150149758 RiEHR 2015-10-27
FRIBE(FFROACF) SKILZEHKXaH
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