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A5 e TER, Adx=0)dA HFF(M0)oRe] AT FY EE FE ZES ol Ves .
T3, AAFYSB3) R/EE AAFET(65)2 MAE(70)2 A3 E99F H35(40)9 LIMO =49 Alel<]
LIMO #92 zte 52, MA2=(70)dA 23502 AR FY FE $£4 5388 ol Vs
Ela=

AFTUS(23) B HAFTET(20)2 AY 4 BHEA BAHoR AEFHe AsE XFTY 5 deon, 3
o] Fol MZ g AF F£% BATS MY F dd. AT FEEFIE 48 =9, P (N N-

dicarbazolyl-3,5-benzene); PEDOT:PSS (poly(3,4-ethylenedioxythiophene):polystyrenesulfonate); NPD (N,N
" -di(1-naphthyl)-N,N" -diphenylbenzidine);  N,N'-tJ#d-N,N'-t](3-#&#d)-4, 4" -t]o}m] :=n] Hd (TPD) ;
NN'-T o d-N N' -tz e -4 4'-tJobu]en]Fd; NN N'N'-HEg-p-E-4, 4'-t]opu| =n]#d; N N,N'N'-¢
Edtdd-4,4'-tou]enldd; =3 (11)1,10,15,20-e| Eebol d-211,230-E9 A 53} & EZ3 A (porphyrin)
3etE  f-%=A); TAPC(1,1-Bis[4-[N,N'-Di(p-tolyl)Amino]Phenyl]Cyclohexane); N,N,N-EZ(p-EH)o}, 4,
4", 4'-EFAIN-B-dEad)-N-gdotv| | Egladolyl g} 22 Egjoldeldl fFEA; N-Hd7t2nE 9 &
gujdrtEntEa 42 t2ukE fREAlL FaE ZgRAlohd, FejZgEAohdd} e e Alobd {2 A);

2EHA GEA; WEE AbFoly)l AEY olwl FtEo &

ZEHZE offl fEAl; dloful A % Eea

@ FY 5 Atk olEld AFFEBAL AL ANELRAFY 4TS FAT 5= Aok,

Az GNE BEAFL 4FF ANE B: AT ARS(T0) WFOR FUNE A WAE 4L e
oA, FAE AT AN AR FolA Aoz Agd F vk, dE 59, SAlolE fEAY S
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[0073]

[0074]

[0075]
[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

SEE36] 10-1832557

FEA, GERD f24 52 48T 4 A

AA4=4-5(55)2 TSPO1(diphenylphosphine oxide-4-(triphenylsilyl)phenyl), TPBi(1,3,5-E2](N-#ddl=
ojmthE-2-d)wlAl), ETA@-F =g o|E)LFHE(Algd), 2,5-Totd AE FEA(PyPySPyPy), HEFL
gylolEl= 3}3-&-(PF-6P), COTs (Octasubstituted cyclooctatetraene), TAZ(&}7] 3}8t2] =+=%), Bphen(4,7-t]
Hd-1,10-HFE =9 (4, 7-diphenyl-1, 10-phenanthroline)), BCP(3}7] &st2] #=x), T+ Balq(3tr] 3}eH2]
Fx)d 4 At

fi

AAFYZ(53) o5 &9, LiF, NaCl, CsF, Li20, BaO, BaF2, Tt Liq(2lF FA=dolE)d 4 tk
AERE(70)E f=s(70)l va) e dFFE 2= =hoR, dF Bo, &FuE, vodld, e, UE
F, 28, AF, °EF, UF, &, W, AF T 3% B o]59 2F o] =TS ARt 4T F 9l
ot

OH}T— o T [SRReRE=Y

Z(10)} MA=(70)= 2=HEH(sputtering) ¥, 7IFS5AH T ]

ATk ATFUAF(23), AFFES(25), TFFU0), AT E2HF =

2o #AIGle] TFH e IYH, oE Bo] A¥yY, 23 I, 99, Y, 9E Eo|dHS o83}

A, BE A795HE o83t I 5 .

F7Igg o] S =5 Z|(FEA]) A wixE = dEd, 713 ole=(10) shEd wixE i i E
=

Z(70) ol wixlE = ok Al "EA, Z)F Aol olez(10)7F MAE(70) K dA JAE 5
A3l EE NAE(70)7F of==(10) Bu AA dAE 2 ).

tl

>

71%% el BARA FRRY Jwd 5 9la, o A%, AV Awe f; AeuaAs; Zelstuyel
S(P0), el e A E e el o E(PET), Felol S b sl ERY), Eeloln| (P, FelTzaarp) 5
3} z;% aEA AR olFold S otk ek, old] @RHA % JBe FUA s FE7RY S
= 9k,

olsh,  we] oldlg §7] 9atel vEAR Adcl(example)E ANGBT, it Sl ARl B wve)
OBl B 9% A W, 1 W] srle] AYdld] ojs] FAHE AL ohth,

[A3dE; Examples]

SUA e 1 FHA 1
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SEE6] 10-1832557

[0084] [RE-&-2] 1]

HO..OH |
B
©\rm\l/© N N
= + e
N N
h AN
cl P = F

F
ZHH 1
[0085]
[0086] 2-F 224 6-t}oldd-1,3,5-Eg]o} (10.65 g, 39.80 mmol), (3,4,5-EdZFo2Hd)HEY A= (7.00
g, 39.80 mmol)& 210 mle] EHEZsto|=ZFahel] =0 & A& 7|7 spellA wnkste] H3Th. S/ 70 mlol
XEHE ZFEUOlE (16.50 g, 119.39 mmol)E o] ¢ ¥kE & FYsigitt. HEZI|A(EFHIHdE
W)FeHE(0) (2.30 g, 2.00 mol)S FHE F St =S R wRksilth. 12A13F & WEEY &%
E Ao UFE T AAES o5, oFE 1A E FA(ethylacetate) ® YAt &3 A u4le] &
7 1 12.50 g& 86%9 &= AUt
[0087] FZHA Al 2 @ FHA 2
[0088] [9FE-2] 2]
@\FNYQ
TN i .;32
+ O v
]
F F F
! P,
ZH4 1 =7tH| 2
[0089]
[0090] 9F-7}uFZE (0.22 g, 1.32 mmol)S 10 ml HIEg}sto|=2F ko] o] AF stol=glol= (0.05 g, 2.20 mmol)7}
27 HA V)F e Eepaddd AAE FYeith. 3083 wwkgk & 9le] ZEhame] A 1 (0.40 g,
1.10 mmol)& 10 mle] HIEgSto|=2Fae] Fof FYaigict. REES] 255 &9 24 ¢ &F uwg
H Wgs TR A TRt &ulE AASGT. oK 2o EAS FRFE YT F U] EAR
AT, HEHoR FFQ oA AAAI Y et A 3Ae] FA 2 0.35 gg 6209 FER
AT
[0091] A gl 3 @ F74A 3
[0092] [9FE-2] 3]
N -
F. | /N
Q 3 — O A
N
N
Z7Hd 1 S7H4 3
[0093]
[0094] 3,6-CFo] & -9/-7hu}E (1.61 g, 8.26 mmol)S 50 ml BlEg}slo] =2 iFete] wo] AF dlo]l=gle]= (0.40 g,

_18_



[0095]

[0096]

[0097]
[0098]

[0099]

[0100]

[0101]

[0102]
[0103]

16.51 mmol)7}F 71 A 7R ko] Eetiaao] AA S FAsIITE.  30E3F wnkgk & 9l Eefaae
1 (3.00 g, 8.26 mmol)<S 30 mle HIEgslolEZ et ko] FEglalgitt. wWeEe] £x=

g5 whkek § WksS FaEa g FHske] EnE AASY. o e BAS FRSEE AT &
Al BAR 9Aetqlth. HEH R E74 oA AAAste] &5 A7 e F3hA 3 3.60 g 81%9]
FE&E dAr).

SIHE el 1 : SIE 1
[HFS-A] 4]

o

23
5
r
%{ O
3

slol=atel= (0.09 g, 3.72 mmol)7}
e ZgkaTd A 1 (0.30 g,
gttt WS Ee 22 &g 247 Be &F wwkd

0.83 mmol)S 10 ml9 tjuE¥xFolujo]=o] o k-3
H uke-S Egsla A FRste] e AASEY. dojz mAke] BAS FHSE I F oA RAR
AT, HFHoR FHAE A G ¢4 AFA 24 FEE 1 0.48 g2 72%9] FEE AU

sletE 10 ALRA (FAB) m/z 804 [OHH)']. 'H MR (400 MHz, DMSO) :&86.68 (t.2H,J=8.2Hz). 6.78
(t,2H,]=7.0Hz), 7.05~7.08 (m,8H), 7.25 (d,2H,J=8.4Hz), 7.43~7.49 (m,6H), 7.56 (t,4H,J=7.8Hz), 7.65
(t.2H,J=7.8Hz), 7.89~7.93 (m,4H), 8.66 (d,4H,J=8.8Hz), 9.18 (s,2H)

SIetE e 2 : SSHE 2

o] A sto]=gkol= (0.13 g,
5.50 mol)7F HX1 A& 717 ko] Zepade] A8 FSlskith. 30w3F aRkek § 9o ZupaTe] FIHA]
1 (0.40 g, 1.10 mmol)S 10 ml9] TiWEXFolrfo]=0] o] F o RS eEE &Y 247 B9t
5 wnkek § NS TR 7Y SRS SE AAST. doH e BEHS THTFE 94
thA] EAR YASgIt. HEHow FIAAE ANt £5E wa
2 A},
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[0104]

[0105]

[0106]

[0107]
[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

SES36] 10-1832557

shetE 20 AZEA (FAB) m/z 383 [(M+H)+]. I NIR (400 MHz, CDCl;) :& 2.18 (s,6H), 2.38 (s,12H), 6.48

(d,2H,J=9.6Hz), 6.85 (t,6H,J=6.6Hz), 7.12 (d,6H,J=8.4Hz), 7.49~7.59 (m,10H), 8.69 (d,2H,J=8.8Hz), 9.12
(s,2H)

SI3HE e 3 ¢ BYPE 3

(954 6]

gl

. 5 9
Qo - oo — o 0
F YD
S| 2 glgt= 5

9,9-tr€-9,10-tFolslo] =0l H (0.89 g, 4.24 mmol)S 15 ml HWEEEojujo]=o| Ho] LF 3o
o]= (0.16 g, 6.74 mmol)7} B3 AAa 7157 dte] Zefxe] AA3] F H
230 F7A 2 (0.70 g, 1.93 mmol)S 15 ml9 UlHEEEolujo]l=o) =] FIs}
O
PN

SI3HE 3 AZFEA (FAB) m/z 888 [OHD ] 'H NR (400 MHz, CDCl3) :6-0.16 (s,6H), 1.60 (s,6H), 6.64

(t,2H,J=7.2Hz), 6.71 (d,2H,J=7.6Hz), 6.77 (t,2H,J=7.6Hz), 6.83 (t,4H,J=7.4Hz), 6.89 (d,4H,J=9.2Hz),
7.04 (t,4H,J=8.6Hz), 7.15 (d,4H,J=9.2Hz), 7.52~7.61 (m,8H), 8.76 (d,4H,J=12.0Hz), 9.34 (s,2H)

Z7HA Aol 4 1 F4A 4 (9,9'-(5-BR 2R -1 3-FHdd) ¥ A (9H-FHEE))

T, telddEFotuto] = 120mle] =<1 § Fyjofo]ertol= 1.36g& W&F A 2
EE 180ToFer 12475k SFagltt. s Ao Udy SRFE Fo wE
FRgolug FE3te] &S HxF AYA=vtE I CHEX)S o] &3t AAls3itt.
(9,9'-(5-H 251 3-dd) W = (H-7HFE)) & AATH(6g +5).

FA_FAdd 5 ¢ FIHA 5 (9.9'-(5-(4.4.5.5-HEZHH-1,3,2-t}o] AR EF-2-9)-1,3-3 J ) H] 2 (9H-
7))

9,9'-(5-B2E-1,3-dda)H = (0H-7h1=) 2.8¢g (57HA] 3), H|AVUZEEUOHE 1,
E 1.69g, 1,1'-H]=[(Foldldx 2y )24l E22de5(11) 0.14gS & A
60mlell =<1 F HaEe7]E 3021t A5, %5 150Te]Fo R 244 7-s3t 2753l
WS SHRTFE Ho] RS TAAYIA HEdERgel=g FE3M &ujE xS ZAYIEntE 1T
(MC:HEX) & ol-g3te] AAstelct. 1 A¥, 74 5 (9,9'-(5-(4,4,5,5-H EgHE-1,3,2-T}O] AL Z -2~
yD-1,3-dd )] 2~ (9H-7h}E)) & ATt (2.3g +5).

89g, X ElFOLAH O]
X %, 1,4-To] Ak
o 2RE deem

J

= FAdd 4 @ SFE 4 (9,9'-(5-(4,6-0]¥d-1,3,5-E g o}3-2-y1)-1,3- D ) H| 2 (H-7H}E))
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[0115]

[0116]
[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

SEE36] 10-1832557

v N 1
N_N
N Cl HN-
= o y
B . . - { _N
o} N
— N- N
A 5 2= 4

9,9'-(5-(4,4,5,5-H| Eg}g-1,3, 2-t}o]| LA R E2k-2-y])-1,3-A D &) U] ~(9H-7}u}+=) 1.56g (F=7A 5), 2-
F22-4 6-tol#dd-1,3,5-Eo}d 0.6g, HEZHI|A(EALZE2A)ZeE(0) 0.16g, 25 FELGIIHYE
T8 10ml, HEZSOE2F 2mlE =% 100To]do 2 22 S7F3glY. 258 2oz JYis
S TANYI FEE FHE ZEHSY &, ddd FReolm, ko PAste] A §F HITHow
AAE dlo] HAUS "= 385 42 9199 82 1.3z F538F9 ).

SSTE 40 ASEA (FAB) m/z 639 ()], H NMR (400 MHz, CDCls) :869.11(s,2H), 8.74(d,4H,J=8.4Hz),
8.21(d,4H,J=8.0Hz), 8.05 (s,1H), 7.64-7.47(m,14H), 7.36(t,4H,J=16.0Hz).

SI3HE e 5 - S¥E 5 (9,9'-(5-(4,6-T}e] ¥ d-1,3,5-E g o} -2-y1)-1,3-H D) H] 2 (9H-F}H}E))

[9H-3-2] 8]
NZTN
N N7 e NTEN
0 | |
B - N N o
N
N N
=M 5 glgt= 5

9,9'-(5-(4,4,5,5-H| EgbHE-1,3, 2-tho]| SA B Z-2-y])-1,3-# d 2 H] 2 (9H-7}9F=)  1.63g (574l 5),

2, 4-tholF 2 2-6-7d-1,3,5-EF o} 0.3g, HlE)A(EFAIEZAA)FeHH(0) 0.09g, 2% FEFFIFR Y] o]

SN 10ml, BEFGslo|EZ2F 30nlE S5 100Co| Ao & 2A 759k 37t x5 J2ow Yy

s TAA7 59 F9UE dyste &, dgd S2gol=, Axtor st Gl & HAEFAH L
3l /J'J H

SEAAE sto] A Hls Y= g9E 55 854 FEE 1.1g F5IIY.

B o [

shetE 50 AREA (FAB) m/z 971 [(M+H)+]. ' NIR (400 MHz, CDCl3) :869.04(s,4H) , 8.69(d,2H,J=7.6Hz),
8.16(d,7H,J=7.2Hz), 8.05(m,2H), 7.59(d,9H,J=7.6Hz), 7.52-7.48(m,2H), 7.37-7.28(m,17H).

3I3tE S 6 - SHE 6
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[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]
[0132]

[0133]

[0134]
[0135]

[0136]

SEE36 10-1832557

S 3

9/F71v1E (0.58 g, 3.44 mmol)& 10 ml Y¥EEFo stol=gtel= (0.10 g, 4.13 mmol)7}
T2 AR 75 ske] Feksse] AAE Fskli. 9] Zekaae] S 3 (0.50 g,
1.38 mmol) 10 mle] tjvEEFoluto] =] 5o Felakgict. SEE 29 223 T EF wnkd

9w Easn 2 FRekel S AAsA. BAL FR4E A9 F A AR
ATt AEHoT FHAAES YA s 25 B 60.67 g2 5849 FEE At

SI3tE 6: A (FAB) m/z 832 [OHD ] 'H NMR (400 MHz, CDCl3) :62.16 (s,6H), 6.43 (d,2H,J=8.4Hz),

6.83 (d,2H,J=8.4Hz), 7.04~7.11 (m,10H), 7.27~7.31 (m,4H), 7.51 (t,4H,J=8.0Hz), 7.59 (t,2H,J=8.0Hz),
7.82~7.84 (m,4H) 8.72 (d,4H,J=8.8Hz), 9.25 (s,2H)

SI3tE el 7 ¢ SFE T

[HF-&-2] 10]

Vgﬂ“@ oo — &

FHH4 2 S E7
tolgdoldl (0.93 g, 5.50 mmol)< 15 ml mﬂ £ L Zojulo]Zo] o] 4% dlol=glol= (0.21 g, 8.61
mol)7F T A VIF e FkaTol AAE FYEdth. 30w wwksk & 9o EepaId FHA 2
(0.50 g, 1.38 mmol)& 15 ml9] HuEEFoluto]=o] Fof F9Jsigitt. W& 2xg5 29 8AITF st 3
Foagkek ¥ 9hgs Fmshal At FRete] ulE AASSIT o 4] 24E SRR 98T = o
Al EAR 93T, HFA o2 SAAE AAStY e =3 14 S¥E 7 0.21g2 19%9] FEE
At

Pt 70 AREA (FAB) m/z 808 [(M+H)+]. T ONR (400 MHz, CDCl3) :66.63~6.66 (m,12H), 6.85

(t,8H,J=8.00Hz), 6.95 (t,2H,J=7.8Hz), 7.00~7.54 (m,4H), 7.52 (t,4H,J=7.4Hz), 7.57~7.61 (m,4H), 8.56
(s,2H), 8.61 (d,4H,J=8.8Hz)

Azd 1: AFFEF F71LFToleE Ax
(1TO/PEDOT:PSS/TAPC/mCP/DPEPO: $}3+5-1/TSP01/TPBI/LiF/Al)

oe=Ql 1107h 238 §e719e w49 o|awey Fags olgatel 2eudA 3087 Adaad. AH
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[0137]

[0138]
[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]
[0147]

[0148]

[0149]

[0150]

SEE36] 10-1832557

3k ITO 71 #e chy}o] 2L A& o] g3} FH 3 s PEDOT: PSS (poly(3,4-

agstel 4eFUFe FAAAG

i
N
fil
[>
)

ethylenedioxythiophene):poly(styrenesul fonate))S 60nme

71 & TAPC(1,1-Bis[4-[N,N'-Di(p-tolyl)Amino]Pheny!]Cyclohexane)Z 1x10 ° torre] <= slelA 0.1 nm/sY
S22 e 20mme] FAEF5FEE5S AR T. o] &, mCP(N,N-dicarbazolyl-3,5-benzene) & 1x10 ° torr
o] &= StelA 0.1 nm/se] £E2 FE3F 10mme] A1l AAEAAZTS sk, o] F, 1x10 torre] &
12 4] DPEPO(bis[2-(diphenylphosphino)phenyl]ether oxide)E 0.1 nm/s9 &$E=, 1%
EARA FAd 18 T3 FAHE FE 15 0.03 mn/se] £E2 F5EsI] TAE ©
AEZ} 30% E=3E HP=S FA5AT). TSPO1(diphenylphosphine oxide-4-(triphenylsilyl)phenyl)<2}
TPBi (1,3,5-E 2] ~(N-s dwl 2o mt}Z-2-a) Mz E 1x10 torre] e oA 0.1 m/se] &=z A= =
2rsto] Z4Zb 5nmet 30nme] A2 AR EAX|ZI AAFESTS FAASAT. o] &, HAAFIASZA LiFE
1x10 ° torre 4= 3lolA 0.01 nm/sY =2 FZ3] 1nme] AR < <
torre] 4= SlollAl 0.5nm/sece] X2 FEslo] 100mme] MAEE FAAFOEAN {7dFrolets FA3H3
o 22 A4S Ca0 FH5AS a8l AW S22 E ol gste AxE 2 S

2
2
fol
[>
[m
[t "
i

o)l =

Az 1& T8 Azx® F71ddrie] == 4.0 Vol AtelA Aol Fas 24142 ey 58 a8 5
4e By

Azd 2: AFFEF F7|LFoleE Ax
(ITO/PEDOT : PSS/TAPC/mCP/DPEPQ: 3}3}&-2/TSPO1/TPBI/LiF/Al)

WP A9YY THE BARA FYd 28 T BUE AUE 28 A48T AL A Azd 1% F
Qg WHoR F APl L E Az F LTI,

Az 28 Bo AzE F7EYTILEE 45 Vel Aol Ar) PAEE 25.456% Ueht 5 &8 5
4e ne

Azd 3: AAFEF fr|LdroleE Ax
(1TO/PEDOT: PSS/TAPC/mCP/mCP: DPEPQ: 3}3}+&-3/TSPO1/TPBI/LiF/Al)

A= mCP¢+ DPEPOE Z}Z} 0.1 nm/s<

WFEe FAF YoM, 1x10° torre] o 2 2}

Srw, 283 AAdYY 1E B2 P 38 B3 FHE FFE 35 0.002 mn/se] Hm FEAEke]
TaEd EHEVF 1% =8E WSS AT AS At Axd 13 $UT PR fUEdriel s
2 Azx3 F dBEdY

Azd 3& T3 Ax" F7iEggrio]le =t 5.0 Vo] Aol Hd FAas 11.33%=2 Jelhd 43 a8 &
qe ®BTh

Az 4: AFFEF F71LFTo|eE Ax
(1TO/PEDOT: PSS/TAPC/mCP/DPEPOQ: $}3+&-4/TSP01/TPBI/LiF/Al)

g5 Adygd THE EFEZA A4 45 B FAHE SFEE 45 AL RS AQstus Axd 194 F
A3t Ho 7 fr|dgriole s A T UEISIT
Azd 42 T3 Ax" F71ddtele=s= 4.0 Vo] Aol A FAaE 17.8%=2 Yeld 53 a8 54

Az 5: AAFEF F71LFTo|eE Ax
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[0151]

[0152]

[0153]

[0154]
[0155]

[0156]

[0157]

[0158]

[0159]

[0160]

[0161]

[0162]
[0163]

[0164]

[0165]

(ITO/PEDOT : PSS/TAPC/mCP/DPEPQ: 3}3}-&5/TSPO1/TPBI/LiF/Al)

Azd 6: AAFEF Fr|LFroleE Ax

(ITO/PEDOT : PSS/TAPC/mCP/DPEPQ: 3}3}&6/TSPO1/TPBI/LiF/Al)

3 AzxzE F7IEFTolE= 4.5 VY AgelA Hu FAEE 21.31%= YERY 5% &8 &

Azd 7: AFEF F7|LdroleE Ax

(1TO/PEDOT: PSS/TAPC/mCP/mCP: DPEPQ: 3} 3}+&7/TSPO1/TPBI/LiF/Al)

&
d 1} BT wHen fogRdls

7S B3 AxE FrIEFToleE=E 4.0 Vo HgdA A dAEE 12.66%2 YERY} 53 58 5

Hae 1: f7]EFHoleE A=

(ITO/PEDOT: PSS/TAPC/mCP/DPEPO: 8} 3+& 6/TSPO1/TPBI/LiF/Al)

=2 2A 7] e 62 AMER AS Al9lstas Az 133U WHoR {77

=70 O E
R P
Hue S Za Axd f7dgre|o=x 4.5 Vo] HetolA H $E 8 4.2%% LheEbsE
©\(NY©

\

N._-N

N
<§1_6]—% 8>
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10-1832557

s=s5

b}

3 (500 cd/m2 715)H]&

ol o © N
| & = ©| o —
o
ol | —| o] »| o | JA| Bl o
| o] —| <[ o0
b b EEEEEN
=0
o
—
_—
o1 =
TS | of o~ N E=
xd1928.9.69 .
7 S <l | T e
o of w| 1] v o| | —
e S
—
N
17 ©| | O | | M| | ©
4 A S| N | NN
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