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benzidine, NTNPB) L NN N' N'-B|EZ} 7] 22 (4-HEA A )X I (N,N,N' N'-tetrakis(4-
methoxyphenyl )benzidine, MeO-TPD)S ¥3}sl= oA AEEE Holx o] 37} A&=E 4 At}

F7Idg 2AE e bieh 2 FAR &, AdxE/AT FET/ERT/AT NS/ AR FES/NEE +
o2 AzxsoE Ha, 1 dge &4 F, NAE/AA F5F/4T S/ LT/ T FES/ANRE Fo=
Azstod & Faeict

g2 2 U o S o3 ¢ AdA S2E S AAR FAA dojrt. ol B el o HA
ol &3 Polmz H dtyo] AWM E old dAHTIT T & glom olF X e V=AUt
o3l EEE F v BE HHE 2T Fo] et

1. A A=

<gAdd 1>

9-(4-((4-B2rud)ugugdd) dd-954-7lul & (9-(4-((4-bromophenyl )dimethylsilyl)phenyl )-9H-
carbazole) 2] &4

A1

Br Br B
N r
Q0 emsee, 0 £
Si * 1,2 DCB \ .
7N\ /SI\

A7) kgl 13 o], Hkgg7]d HlA(4-B2EAd)uwE A (bis(4-bromophenyl)dimethyl silane) (4g,
29mmol ) , 7}H}%—(1.5g, 24mmol), L2 =3} (3.36g, 47mmol), ©AFZH (4.9g, 95mmol), 1,2-CTjF==wAl
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[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]
[0083]

[0084]

[0085]

[0086]
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2 210CRE 12713 Tt 71g3it}, ¥e-S $4dstn yEeEade(ow —ir% < 374 %L%L%“Lﬂi ?rﬂ%“ﬂ
2 ZIAY, o] A2FES A2 Ay IzRvEIYIE o] &3le] 34

A g2 str)ef 2t

1H-NMR(CDCl5, 400MHz) & (ppm) = 8.16(d, 2H), 7.73(d, 2H), 7.58(m, 4H), 7.48(m, 4H), 7.42(t, 2H),
7.29(t, 2H), 0.66(s, 6H).

<gtdd 2>

9-(4-(Ma(4-r2rdd)de) AL dd-954-71F  (9-(4-(bis(4-bromophenyl)methyl)silyl)phenyl)-9H-
carbazole)?] A

NERE

gl

A7) W32 28} o], wkZg7]e EfAa(d-HERHd)WE A (tris(4-bromophenyl)methyl silane) (4g,
7.8mmol), 7F¥}ZE(carbazole) (1.18g, 7.0mmol), 2.2 =3} 2](copper iodide)(1.34g, 7.0mmol), BHAHZAF
(potassium carbonate)(4.3g, 31.3mmol), 1,2-T]E==2¥A(1,2-dichlorobenzene)E 210C=E 12A]7F &t 714
stoh. WSS FAstal tEZ 2w ek(dichloromethane) 22 F& $ 374 AdSH7|2 f7]8vlE SEA
th.oo] AFES Ayt A9 AR EIRAE o] &ste] A LAE 626(2.9g) FEE AT A
71¢} Zrt.

1H-NMR(CDC1;, 400MHz) & (ppm) = 8.15(d, 3H), 7.70(d, 38H), 7.59(m, 5H), 7.48(d, 3H), 7.43(d, 3H),
7.32(t, 3H), 0.91(s, 3H).

i

i

<gAdel 3>
9,9'-(4,4'-((4-B2RIA) (M)A ae D) =4, 1-3 D ) ) ¥ = (957 2-7HkE) (9,9'-(4,4"'-((4-
bromopheny! ) (methyl)silanediyl)bis(4,1-phenylene)-)bis(9H-carbazole))2] $HA

o
HE3-2] 3

P oD 2@@:

271 Wkg2] 59 o] wkgE)d EfA(4-BERud)vd A& (tris(4-bromophenyl)methyl silane) (6g,

12mmol) 7hel= (3.53g, 21mmol), 82E=3}4-2](3.99g, 21lmmol), EHFZHE(5.81g, 42mmol), 1,2-t]E==ZwAl
S 210CE 12417 B9t 71d s}, ~&422ﬂ1ﬂ%iiﬂ%°i%¥'Uﬂﬂ“7wpwwl fr7) & &

%%’\]ﬂ‘:}. o] A¥ES A7t Ay ARvEIYIE o] g3t A uAE 65%(5.33g) FEE Ay, 2

2 379k 2.

1H-NMR(CDCl5, 400MHz) & (ppm) = 8.12(d, 2H), 7.74(d, 4H), 7.70(dd, 6H), 7.50(dd, 8H), 7.33(d, 4H),

7.25(d, 4H), 0.90(s, 3H).

<gtdd 4>

9-(4-(3-R.ZR7MME)Hd) g A e) s d)-95 -7l (9-(4-(3-bromo

carbazole)phenyl)dimethylsilyl)phenyl)-9H-carbazole)?] &4
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[0087]

[0088]
[0089]

[0090]

[0091]

[0092]

[0093]

[0094]
[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

ZIHSd 10-2016-0106530

I B
O . o O " Cu(l]'. K;CO, Br
+
0O+ w SO

si
AN /Si\
g7 wbeA 43b gol, wEE7lel @Add 19 sge (1. 29mmol),  3-H 2 X -7}H}E(3-bromo-

carbazole)(0.49g, 24mmol), L2=3}+42] (0.74g, 49mmol), E%é} %% (1.09g, 95mmol), 1,2-CvjZ2=HAES
210C =2 12713 5<t 7Hgsit), dhe-& F435tn fdE22dgor & ¢ 33 AdFr|2 f718mE 5
A7), o] ABES AE7tA Ay Z=EeEag9E 01%0}04 A 3AE 35%(0.52¢) FE&EZ AU, A
e shrlet 2.

1H-NMR(CDCl5, 400MHz) & (ppm) = 8.47(s, 1H), 8.17(d, 2H), 7.85(d, 4H), 7.62(d, 2H), 7.57(d, 2H),
7.43(m, 10H), 7.29(t, 2H), 0.76(s, 6H).

<gHdel 5>

9,9'-(4,4'-((4-(3-B2R-9FA-F}E-9-A) ) () A &) L )- Hl (4, 1-91d 9)) ¥ 2= (9547 HE)
(9,9'-(4,4'-((4-(3-bromo—-9H-carbazol-9-y1)pheny! ) (methyl)silanediyl)bis(4, 1-phenylene))bis(9H-
carbazole))2] &4

)

e I

aSe

Cl @ 7Y, (T omnen,
IO g :@ 2

Wl%%ﬁ 53 o], wk&-&7)o] Ao 39 FHE (5.0g, 7.3mmol), 3-EEW-7Hu}=(2.44g, 14.6mmol),

=3bte] (2.78g, 14.6mmol), ¥AFZE (4.03g, 29.2mmol), 12qiiiﬂﬂ§ 210C & 124)7F 29t 71
4.%%%%éﬂiﬂ%iiﬂ%gifgﬁﬁﬂﬁﬂﬁ%%%ﬂinﬂ%ﬂ%%%1ﬂ4 o] ANES A
g7ha A7 ARvEIYYE o]&ste] A uAE 25%(1.55g) FEE AU A 19 2.

TH-NMR(CDCl5, 400MHz) & (ppm) = 8.15(s, 1H), 8.12(d, 2H), 7.94(m, 4H), 7.72(m 8H), 7.65(m, 8H), 7.37(m
8H), 7.29(m, 4H), 1.09(s, 3H).

o,

ok

<gHdel 6>

9,9'-(4,4'-((4-(95&-7M1E-9-D) d ) (WD) A & D) H] 2= (4, 1-3 d 3l) ) H]| 2~ (3-H 2 R -95 A-F}0}E)
(9,9'-(4,4'-((4-(9H-carbazol-9-y1)phenyl ) (methyl)silanediyl )bis(4, 1-phenylene) )bis(3~bromo-9H-
carbazole))9] Al

:

“@%}af § == 000

o
1321 6
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[0101]

[0102]

[0103]
[0104]

[0105]

[0106]

[0107]
[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]
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o,

L7l k22 g3} o] wk2-g7)o] A4 29 e (2.9g, 4.9mmol), 3-EEE-IFH}ZE (2.06g, 12.3mmol),

=38}2](2.34g, 12.3mmol), ©AFZE (3.40g, 24.6mmol), 1,2-UESZZHAE 210CT=E 1247+ &< 714
D}. WS A5t dEEEMEoR 5 §F 312 AGSEVIE f718E SEAT. o] AFdES 4
g7HA A A2uEaY9E o] §3ste] AN AL 27%(1.23g) TEE UG, A 19 2o

1H-NMR(CDC15, 400MHz) & (ppm) = 8.27(s, 2H), 8.12(d, 4H), 7.95(m, 4H), 7.72(m, 4H), 7.64(m, 8H),

ol

7.38(m, 6H), 7.24(m, 6H), 1.10(s, 3H).
2. ANLZ ABA Z2E FFHEI Az
<A 7> e 19 FA

9-(4-((4-vdd EAx ) o ed A & )-942-7H}=  (9-(4-((4-diphenylphosphoryl)dimethylsily!l)pheny!)-9H-
carbazole)?] A

e 7
=
/‘\II / "LI' I <\|I A
Y —
_eeho H0; .::,r.-—\(‘\l'/ o,
N Br 7 “ —_— UN o
@\s Y n-BuLl THF QSG/ Mc ) /@ @
T S U, A o e
i si
AW P

F7] WA 79 o], HEHS|=

0.95mL, 2.38mmol)< 30 <t A3 H7ke uh5 143

d¥ 23 (chlorodiphenylphosphine) (0.44mL, 2.38mmol)E A7}gk o} 30% &< wweh & AJ2o=w A
A3 &HFa 12417 &9 F71E wnksi

23 60mLel o] 1] gES BT - -78CE FA8H 2.5M n-FE
=
[¢)

ol Bt FTAE YIFR=EAEe &t ¥ e FAkskaas(hydrogen peroxide) (HEZ=vidh @ ik
golA 2ol 1241wkt WS FAsta tErEvdges F& F 3d i

TR f7IEE SRR, o] Aves Ayl A9 ARnEIYE oj&ste] AN IAE

70%(0.80g) &= AT AAge sprlek Zal olF L 1d =AY

IH-NMR(CDCl;, 400MHz) & (ppm) = 8.15 (d, 2H), 7.74(d, 2H), 7.71(m, 8H), 7.57 (d, 2H), 7.55 (d, 2H),

7.47(m, 4H), 7.40 (t, 2H), 7.29 (t, 2H), 0.67(s, 6H)

<ol 8> shehe 29 A

9-(4-(3-yild z 27 A v d A ) dl ) -9 - 7HiE (9-(4-(3-
diphenylphosphorylcarbazole)phenyl)dimethylsilyl)phenyl)-9H-carbazole)2] ¥HA
e 8
[ gy
3 & Q — SAe =
« Y o Y aY;
,-’ k! N N~ P IJ./% i ! i

/C( S, _ehm '\K" P ({I’j‘.’/ L
TeBuL N IS o e =N H\C}
'f\/j/ T W S O\g (7 s

/Si\

A7) wke-Al 83 ol ElEgE| =g F e 60nlol] FAe 49 33E (0.52, 8.06mmol)S &I T -78TE H
A3k 2,50 n-FeelE (3.87mL, 9.67mmol)Z 30+ %OJ AH3] A7 ek 8 1A ZF S wuksith, o]
T2 $A8y FE2oddE~ad (1.78mL, 9.67mmol) = A7} o} 302 ¢ wykd & AFeow
YT 12 e F7ER agket), whgo] Ed —?ﬂzﬂg HE22ehe] 833 F g 4t
Yolal A2olA 12A1%F wRket}t, WS FZ 0L HERRWEoR 35 & WA AT
FTHAZITE, o] ARES A7t A A2vEIHIE o] &3t FM uAE 70%(0.42g) T&
ke shr]ef #al o] & 20 =AISISIT.

1H-NMR(CDC1;, 400MHz) & (ppm) = 8.56 (d, 1H), 8.16 (d, 2H), 8.11 (d, 1H), 7.84(t, 4H), 7.75 (dd, 4H),
7.62(m, 5H), 7.55 (m, 2H), 7.48(m, 8H), 7.42 (m, 2H), 7.29 (d, 2H), 0.74(s, 6H)
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[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]
[0127]

[0128]

[0129]

[0130]
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<ol 9> shehe 39 A

9-(4-(MEr 2(4-tAld 22 H) 2 H)-954-FIE  (9-(4-(methylbis(4 diphenylphosphoryl)silyl)phenyl)-
9H-carbazole)?] A

Be @P@ @Eﬁcf
o= Qoo P 5 Botos

A7) w93k o] HEZS|=2ZFH 60mLel Al 2 (1.5g, 2.5mmol) & &3 T -78CE A8
2.5M n-5-9elE(2.50L, 6.3mmol)E 30 &< M| HUbg vhg 1AIRF B9 wakglth, o] %o -78TE f
st ERETIAdEA~U(1.15n0, 6.3mmol) & A7He Ty 302 &QF wwkel & Ao w HHs] Tl 12
AZr B FrlE abkgith, wkSo] By S7HAE tEFzad e &3 3 ko] paldlaes (HEFEEde
D AAEA = 3 0 DE WolA] ARdlA] 12413 wRkelth, wkeS A I EREYgoRn & F 3xl4
AATLVNZ fUIEME SEALY. o] ANES AyyMA Ay ARREILNIE o)&ste N aAE
38%(0.82) &= ATk, AFgS d47]et 2L o]E & 3o ZASHIT.

1H-NMR(CDCl3, 400MHz) & (ppm) = 8.15(d, 2H), 7.72(m, 8H), 7.70 (d, 12H), 7.60(m, 6H), 7.48(d, 4H),
7.41(d, 6H), 7.30(d, 2H), 0.96(s, 3H)
<§jl—}\§ Q;ﬂ 10> g]_al—ﬂ 4/] zﬂ—}\-]

9,9'-(4,4'-((4-dddxxd)ud) () A a L) v 24, 1-9dd)-) v 2= (95 &-7HHE)  (9,9'-(4,4'-((4-
(diphenylphosphoryl)phenyl)-(methyl)silanediyl)bis(4,1-phenylene))bis(9H-carbazole))2] A

HkS-4 10

r QO 80

|
T ) PFh,ca © Q Hz0 o .' ©m <\1|
roFo ot Hoto )

A7) w2 108} o], HEZS=2FF 60mLol gdel 3 (11.2g, 16.38mmol) =

OFO
:Olz"
%
o
oo

-718CE A3l

2.5M n-H-22E(7.86mL, 19.66mmol)E 30 &t HHS] A7FeE vhs 1AZE St wRkgit, o] %] 78 TE

FAEH FREUALEAA0.440L, 19.66mmol) = H7FRE ThE 30 &oF wwkeh § Feow WA &vF
3LO12A1ZE SS9 FUFR agkgth, whgo] gy FHAIE v Raddel &g & Age] dbstes (YER
BZueh st = 31 D)E Yol Aol 12413 wwkgth, WS FASA I REMPoR & § 3
A2 VIR f§718mE A o] ARES Hegtd Ay aEvEadeE o) &ste] I4 uAE
38%(0.8g) &= AT, Aaghe shrleh il o] & = 4ol Z=AIEIT

1H-NMR(CDCl3, 400MHz) & (ppm) = 8.15(d, 4H), 7.77(m, 12H), 7.67 (d, 6H), 7.50(m, 8H), 7.42(d, 4H),
7.32(d, 4H), 1.03(s, 3H)
<§jl—}\§ Q;ﬂ 11> g]_al—ﬂ 5/] zﬂ—}\-]

9,9'-(4,4'-((4-3-(Had 22X H)- 95 A-7E-9d) A ) (WE) A AT d) -v]2=4,1-#d ) v 2= (9527}
HlE) (9,9'-(4,4'-((4-(3-(diphenylphosphoryl )-9H-carbazol-9-y1)phenyl ) (methyl)silanediyl)bis(4,1-
phenylene))bis(9H-carbazole))
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[0131]

[0132]
[0133]

[0134]

[0135]

[0136]

[0137]

[0138]
[0139]

[0140]

[0141]

[0142]

[0143]
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Tl ;.
PPR,CI \_\NJ\’/) Hyy \Mj\//)
_

Q l_\'l P /@ n-Buli, THE P @ P MC
HOFOE T Q06507 O P08

= N -
A7) wke2l 1194 o], HEZS|=2F 2 60mLel] 4o 5 (1.5g, 1.7mmol) & &3 T -78 CTE #3814
2.5M n—#E2E(0.85nL, 2.1mmol)E 30+ ¢+ M3 H7pg ofS 1Az %OL AL}, o] Fe -78TE X
st EREUAdEA3(0.390L, 2.1mmol) & A7Hg Ty 302 &QF wwkel & Ao w HHs] Tl 12
AZr B FrlE abkdit)h, wkSo] By HHAE tEFz v e £33 3 nsko] HAleLE Yol A
ol 12412 wntEt, WSS FAstu gEFREduger FEF T 3 AgswER §7)eME
SHAIZIT. o] ARE *‘EWW A7 ARuEIHIE o &3t AN uAE 72%(1.192) FEE AU A

ke skr]ek Zar o
IH-NMR(CDCl5, 400MHz) & (ppm) = 8.17(s, 1H), 8.13(d, 4H), 7.93(m, 6H), 7.76(m, 10H), 7.67(m, 10H),
7.35(m, 10H), 7.28(m, 4H), 1.10(s, 3H).

<A 12> SE 69 FA

9,9'-(4,4'-((4-(95&-7ME-9) dl ) (M) A2 d)v] 2= (4, 1-3d &) ) H] 2 (3~ (YA 2~ ¥ P )95 4-F}
vh) (9,9'-(4,4"-((4-(9H-carbazol-9-y1)phenyl) (methyl)silanediyl)bis(4, 1-phenylene) )bis(3—
(diphenylphosphoryl)-9H-carbazole))<] A

°
HES-2] 12
N
o)
Pa O A
& Sy P
3 SaYs O -
N =l £y :'\NA_/ T
£ Br i e vt o
= - o PPh,CI L Ha0, A LA
\‘H\ gy L =5 nBull, THE L | v [ | & [/
[ N . A — P K L O T = .
Z\If et 1 g M s N = n— “—s‘q:;z. g
S ; ), ! b S = g
I m 2\“ A N ‘./l\\ & b A
= S I%) 'e"l\_/_v" "‘\~) II\%

2] 129} 2ol EJ]EE}L]E&%E% 60mL oﬂ t‘Moﬂ 6(1 2g, 1.3mmol) L33 & -78CE FA 5
4 [S) Il

n he}. o] Fol -78TE #A
&t %iitﬁﬂéz Jd(o 53mL, 2. 9mmol) 247}6¥ D}E 30 v‘% ot whket & eog AHAF LedFal 12
AZE EQE bR kgt wkgo] B 5 Hﬂe Hezzdee] geigt F FFe] st ag golM g2
oA 12A17F wwrelth wkgS FAsta dERaduezr & F I AgTUriE f7]8wWE
SN, o] Aibms Ae7pA A9 ARvEINYE o] 8ste] A IAE 65%(0.99g) FER AU, A

Ik e ek 2.
1H-NMR(CDC1;, 400MHz) & (ppm) = 8.17(s, 2H), 8.13(d, 6H), 7.93(m, 8H), 7.76(m, 8H), 7.67(m, 10H),
7.45(m, 8H), 7.35(m, 6H), 7.28(m, 6H), 1.10(s, 3H).

1 UA 1E Faelel 7] A9 ol AW 4= @Bl 44 AR, B 1 uA 5= 4]
Anpge i xm YR Aselr], mE, = 6 4 11 47 AvkEel gogelAe] ged F,
sy 9 A

Eodgo] o =Wo wE SE 2, 3, 4, 5, 63 A3 EF Y JEEZA2 mCPPO1[9-(3-(9H-Carbazol-9-
yl)phenyl)—3—(diphenylphosphoryl)—9H—carbazole]—% 27 Ao BY7|o A A AFEA A83(DSC) A4S v

ol 1 ARE ey ® 1= Jehia.
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[0144]

[0145]

[0146]

[0147]

[0148]

[0149]

[0150]

[0151]

[0152]

[0153]

[0154]

[0155]
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* 1

s}etE frE] Aol &% (Tg)

33t E2 122°C

313 E3 120°C

31554 127°C

s}3HE5 131°C

31356 135C

mCPPO1 120C
A71 F 1A B § gEo], B wyol o Zdo wE 3E 2, 3, 4 5, 62 FYPH)RLA 7|EY 3%
5 mCPPoM H]ﬁé} S o, A o 15?2 7 58 25E Hol: AL ¥ £ AUut. ol E3F oA o] V)

&=

= e o SHe nE §rdd Ak A Qg 32EE HUlshr] f8 A4 gl wFFRE AL
& 2ok, A, ITO(Indium Tin Oxide)E 150nm FA = ¥relo] A FH 7)o AFFY=
FA19] HAT-CN (dipyrazino([2,3-f:2',3'-h]quinoxaline-2,3,6,7,10,11-hexacarbonitrile)& A}&
I AFALEF R 40nm T2 TACP (di-[4-(N,N-ditolyl-amino)-phenyllcyclohexane) &, A& &oluA]ge 3
2 10nm F719] mCP (1,3-bis(9-carbazolyl)benzene)E& AF&-3tt}. 1e]ar 5o HL?’}%EE%, 2= o s

228 4 AT S2E IFEE ARSI FA ol dFE =WEE =Fste] ¥ Q
TARERE 2 YA FAEE stgE2E AHglal A 38 =REE Ir(dfCFSpepy)% Alg3le] EAE
2 iH] 1092 =3 sle] =2 st} AAEAEELS 30nm FA12] TSPO1(Diphenyl-4-triphenylsilylphenyl-
phosphine oxide)S AF&3ta AAFUZo 3nm F72] Liq(8-hydroxyquinolinolato-lithium)E& A}&3lal Ak
=ol= 100nm FA 8] &FvES AR&Ete] ST, E1rg s o= FA(Encapsulation) &85 et
Gap Glassoll w3 A2E FFthe F5A(Getter) & -2 & AW ZepxaE IV 2=2 st 228 Az

sk,

Az 71283 22=[1T0 / HAT-CN(10nm) / TAPC(40nm) / mCP(10nm)/ 3F&FE2: 10% / TSPO1 (30nm) / Lig
(3nm) / A1(100nm)] 7} o}l2HH zdda A5d +2E 7Kg, 2 a3d dsidE a7 £ 20 YERR
=

<Al 3> shghE4 AL FUIEd Ao Alx

mlo
ofk
oL
rs
K
¢

3

(

7] AAe 29} FAS WhHo R AxstE, WG
=

AxE 71833 22= [1TO / HAT-CN(10nm) / TAPC(40nm) / mCP(10nm)/ 3}$FE4: 10% / TSPO1 (30nm) / Liq
(3nm) / A1(100nm)] 7} o}gl2HH zHdE A5d +2E 7Kg, 2 a3d disidE a7 £ 20 YRR
o}

<Hlale] 1> AP E3] <]

ofj

o] 47 AT T2EE ¥ dHoA

rot

saEam A}

oo oX
i

HEEZ nCPPO13& #7133 2xpo] A%

g7 Al 2,33 FdE W
mCPPO1& AR&-ghrt,

o7 Axsty, SFZ(EM)Y ¢1F TAEES Fgo dubxoz A gHa 9

rir

AzH 7183 A= [IT0 / HAT-CN(10nm) / TAPC(40nm) / mCP(10nm)/ mCPPO1: 10% / TSPO1 (30nm) / Liq

(3nm) / A1(100nm)] 7} o} 2HE ztelti2 AFH F2E 7Fth. 1 avtel] s 8] & 20 YERS
o}
#Z 2
A EE (%) Sl R e e as L ES H] 3L
(cd/A) (Im/W)
2 4] o2 29.1 28.7 22.5 (0.15, 0.15) MAX
o} 3HE2
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Gl

=

=

I

el
[=}

oF o ® T
T T o E
=0 A
T »a N
o P ol
WE W&r bl °
o X o
< > W ooy T B
= = = = R a
o
W N oy zoL9" B
&) i
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