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(57) Abstract: The present invention relates to an organic photoelectronic device and a display device comprising the organic photo-
electronic device, the organic photoelectronic device comprising: an anode; a cathode facing the anode; a light-emitting layer inter -
posed between the anode and cathode; a hole transport layer interposed between the anode and the light-emitting layer; and an auxil -
iary hole transport layer interposed between the hole transport layer and the light-emitting layer, wherein the hole transport layer
comprises a compound represented by chemical formula I, and the auxiliary hole transport layer comprises a compound represented
by chemical formula II. Chemical formulas I and II are the same as set forth in the description.
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HIAIE C6 WA C30 oFFelRly], A& we HARE C1 WA €30 dFA7I,
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ne 1 WA 49 AHFolx

o714 "X grelF, Hoj® dhe] Fa7F T4k, TRV, S|=SA7,
olplx7], C1 WA €30 o}917], UEZ7],Cl WA c40 A7), Cl WA C30 ¢Z71,
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A771E EPFoEM, 927 Yol AF ABY wholshutEel s FAY B}
F28 7ty & 911, e F HAT BA FEE Aol HPBES

Folg A F3 2EE 9E F Uth

HOMO oy =] #8o] ¢F -49eV WX -55evVe] HEZ FA Y FIFTF ZH?LFHHI
deepdt o= gtg A "t

2718 HOMO o|u=] #4e 2t A
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A7) gk -1 WA ghaka T-160141, R WA R HEd wheh 2o,

7] -1 WA &8st I-162 EHEHE FTEL 1 WA 419 Hddoe=

5}3) , FAE B2 722 2A "o 267 (stacking)©]
andor wAHER, F3 34 A FIsit
471 R® % R*e7H7 9oz

10 C30 o}&7], X E& B
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g A7) e T2 2dsHE SEEAML,R® 2 RS X387 uet
Aol sty Azt Hd7], vteluldr], dxdy], gedr], gdevcdr],
EgolAd 7|2 X &HAY vixgd AY 5 gloh

7] stEka) e R UlA R¥E A7 5Egd ez 4, T4, B XS
T v X" C6 WA C30 oFE71Y F Ao

TAHAACRZ, A7 A e HAZEH C6 WA C30 otHrlv AF =
g #Hlgr], A& wE vx8E vteldldr], A& EE vXgE o-Hul g,

B] x| 2
A& E= R p-HAEY, A Es HASE m-EHEY], A EE

BlAlgE UEEY], Ee oY 2T 9}3‘/}, olo] ¥HHE AL ofHn.
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GA DEA =, Alavt FHA nRAGEE, FEEA, olY FEA,
22 ulA g, sz & g8 Solth

= Yo AeE T2 T2E AQaI) AHEE = Yok <} 2 tff, CBP(carbazole
biphenyl), mCP(1,3-bis(carbazol-9-yl), 4,4'-Bis(9-carbazo-1yl)-2,2'-dimetﬁyl-biphenyl(CDBP),
4,4',4"-tri(N-carbazolyl)triphenylamine(TCTA), 2,9-dimethyl-4,7-diphenyl-phenanthroline(BCP),
9,10-bis(4-(N-carbazolyl)phenyl)anthracene (BCPA), 3-(biphenyl-4-yl)-4-phenyl-5(4-tert-
butylphenyl)-1,2,4-triazole(TAZ), 1,1-Bis(4-bis(4-methylphenyl)-aminophenyl)-
cyclohexané(TAPC), Tris-(8-hydroxyquinolone)aluminum(Alqs), metal phthalocyanine, 4-
biphenyloxolato aluminum(III)bis(2-methyl-8-quinolinato)4-phenylphenolate(BAlq), N,N'-
Bis(3-methylphenyl)-N,N'-diphenylbenzidine(TPD), 4,4'-bis{N-(1-naphthyl)-N-pheny!-
amino } biphenyl (a-NPD), N-(4-((1E)-2-(10-(4-(diphenylamino)styryl)anthracene-9-
yl)vinyl)phenyl)-N-phenylbenzeneamine(BSA-2), 4,4’-bis(2,2’diphenylvinyl)-1,1°-
biphenyl(DPVBi), 2-tert-butylphenyl-5-biphenyl-1,3,4-oxadiazole(PBD),
poly(vinylcarbazole)(PVK) R 2] -f-E A, carbazole substituted polyacetylenes(PAC),
poly(p-phenylene vinylene)(PPV) 2 19 HX A, poly[2-methoxy-5-(2’-ethylhexyloxy)-1,4-
phenylenevinylene-co-4,4’-bisphenylenevinylene(MEH-BP-PPV), poly(thiophene)(PAT) %
29 FX A, poly(9,9’-dialkylfluorene)(PDAF) 2 19| f XA, poly(p-phenylene)(PPP) H
2.9] =), poly(1,4-naphthalene vinylene)(PNV) % 2.2} XA, polystyrene(PS) %
29 FEA, polysilane R 2] FE A, poly (arylenevinylene) (PAV) ¥ 18] =4
Z st olgo) AeHo ALY & v, ol Y= A okt

27 EREE A7l 2B vE EdtFo] O AAE HFE dod)e

EZE, gt o2 4A2E AE oo E A7AI7|= thFF o 7](multiple
excitation)ol] )8} wF3lE F& A (metal complex)} 22 EZo] AHgE & T

471 THEE A7 771, 7], 571 SFEL F U9, 15 EE 27 ol%

-

o
i)
P
;9,
£
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A71 318t zol A, ML F&ola, L € X= AR Z2AY day M3y
gdAsle gtz
H Ir, Pt, Os, Ti, Zr, Hf, Eu, Tb, Tm, Fe, Co, Ni, Ru, Rh, Pd ==

o]59 Z3Y F Y, AV L 2 X= gAY mloldyoE = 4 9}

O
N
<
flo
2
B

LFS32)2 A, 54, 4 4 Bug dPsie SRS XY F o,
of ZAoh, L%%(32)01 SRR T 73%, CBP(carbazole biphenyl) Z== mCP(1,3-
¥ 3109, PIQIr(acac)(bis(1-
phenylisoquinoline)acetylacetonate iridium), PQIr(acac)(bis(1-phenylquinoline)acetylacetonate
iridium), PQIr(tris(1-phenylquinoline)iridium) % PtOEP(octaethylporphyrin platinum) 2
o] FoiZ TollM MHE o= Fh oS EFIE EUEE ISt AFEIR

o|Fojd 4 11, ol €l PBD:EwDBM):(Phen) =& Perylenes ¥ 33l
FFEAE o|FoF F oy oo SFAHHA] ket LFF(32)0] HAS
W3F5E ¢, CBP =¥ mCPE X &ste 22E 23S X339, In(ppy)s(fac tris(2-

phenylpyridine)iridium)& X 8étE SHE 23S Xgsle AP EZAZ o]Fofd &
N3, ojeke e, Algs(tris(8-hydroxyquinolino)aluminum)& X ¢3l= HFEAZ
o] FojZ £ glovt ol AR Ferh LFF(32)0] ML LYsE 7T, CBP,

EE mCPE Egste T2E BZE X8, (4,6-Foppy)lpic & X3 THE
BAS X3 QFEAR o]FoA = T o9& g, spiro-DPVBI, spiro-6P,
O AE W A(DSB), ©~EHo}d A (DSA), PFOA &2 L PPVA ZEAZ o] Fo|z
T HEE o= e It FFEHE o|FofA F Yot o]
A Feth

53], Aedt AF £530)Y AFFTEIFTGHS Y $F A5
Abgete A, TE A st Aewe EAol oE SuiEE £ o

&, A7) BIFFEEFENS A7 BEF FEFCEHFH AV EFHF(32)0

dstel f1AE £ ok

F71560E AAFEGHe o 29
MEEQOZFE TFFE)LE AA ded &olstA 7] A% T2, 44l
w2t A 5 o
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F71500e ABH2R 109t FEFESE Aold fAxse

BFTUSTEAA d5) e 22009 dAFEFE4) Aold s
AAFYE(EASA F9e o 23T + g

s
T
ded 771 TR LA /) 2F A FA Hed F o
|

o
ot
2
>
rir
rhe
L
oL
1o
__“ et

AXA AAdEs AAET. O, str]e] Zlad

AAdEE £ E€8E TAYR qASAY dHEty) AT Zlel BN, o] = A

AFTEE: A 1 35HE9 34
stA e 1. F24A 1-19] A

G »
T © O VTEEE

A4 37 A] 9-phenyl-9H-carbazol-3-ylboronic acid(100 g, 348 mmol)S-

a

tetrahydrofuran(THF) 0.9 Lol 3¢ &, o] 7]] 1-bromo-4-chlorobenzene(73.3 g, 383

mmol)$} tetrakis(triphenylphosphine)palladium(4.02 g, 3.48 mmol)& ¥ WA Fth

o
2

| EZ3}% potassuim carbonate(128 g, 870 mmol)2- YW il 80 TollA] 8A|F F¢t
ted SF Az WS 85 $ 9o E& ¥ dichloromethane(DCM) &
9 MgSO4E &S AAT F, B @Y 553Utk o2 A

flash column chromatography 2 2] A A|3le] F7HA 1-1(119 g, 97 %) &

N
)
1159

ol

rot
I
tlo

AN
>
il

32 2 e
SUNNed

HRMS (70 eV, EI+): m/z calcd for C24H16CIN: 353.0971, found: 353.
Elemental Analysis: C, 81 %; H, 5 %

R 2: AT SFE 49 T4
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v O
Pd(cba),
OB Qayn
' a Touere, 100°C
O )
O

@,

-1

4
AL B7 A FA 1-1(20 g, 56.5 mmol)S toluene 0.2 Lol| Q1 2, o 7]

Shenzhen gre-syn chemical technology(http://www.gre-syn.com/)AF2] dibiphenyl-4-

ylamine(18.2 g, 56._5 mmol), bis(dibenzylideneacetone)palladium(0)(0.33 g, 0.57 mmol), tris-tert
butylphosphine(0.58 g, 2.83 mmol) 18] 3 sodium tert-butoxide(6.52 g, 67.8 mmol)S

A ez Yal 100 TAA 15412 FF 7tEste] SFAIZAT g 98 F
RS dol B8 ¥ dichloromethane(DCM)E FZ& 3 thg F4 MgSO4Z F8S
AAZ %, JEet Y 53150 olEA doljzl #ALE flash column
chromatography 2 2] A A3te] 2| [ 8 4(32.5¢ 90 %2 LA

HRMS (70 eV, El+): m/z caled for C48H34N2: 638.2722, found: 638.

Elemental Analysis: C, 90 %; H, 5 %

el 3. AL HFE 99 A

“ O O
o . Y

. O Y

9

A4 BAAM FHA 1-1(20 g, 56.5 mmol)-E toluene 0.2 Lol =<1 3, o 7]l Shenzhen
gre-syn chemical technology(http://www.gre-syn.com/)AF&] N-(biphenyl-4-y1)-9,9-dimethyl-
9H-fluoren-2-amine(20.4 g, 56.5 mmol), bis(dibenzylideneacetone)palladium(0)(0.33 g, 0.57
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mmol), tris-tert butylphosphine(0.58 g, 2.83 mmol) 18] 3L sodium tert-butoxide(6.52 g, 67.8
mmoh& EAHOE W 100 Tl M 1347 Bt FHEste] BRAZT 1S AR

=
oo
12

% o & Wil dichloromethane(DCM)E %Z3 ThS 4 MgSO4Z 2L
ARG F, DR FL FHU oA LojR HAME flashcolumn
chromatography 2 2] AAlsle] A1 3EE 9(33.8¢g 88%)F LA}

HRMS (70 eV, El+): m/z caled for C48H34N2: 678.3045, found: 678.

Elemental Analysis: C, 90 %; H, 6 %

ol

HAo 4 AT ﬂﬁg 279] A

®
al

g =
£ B P
¢

- ) ’ Q
- 4

27
A g7 A FHA 1-1(20 g, 56.5 mmol)S toluene 0.2 Lol =<1 ¥, o} 7]l Shenzhen
gre-syn chemical technology(http://www.gre-syn.com/)A}+ ] N-(4-(dibenzo[b,d]furan-4-
yl)phenyl)biphenyl-4-amine(23.2 g, 56.5 mmol), bis(dibenzylideneacetone)palladium(0)(0.33 g,
0.57 mmol), tris-tert butylphosphine(0.58 g, 2.83 mmol) 8|3 sodium tert-butoxide(6.52 g,
67.8 mmol)S FAHOZ Wi 100 TolA 18412+ B¢t 71t SFAIZA g
A7 T dbgdo] & ¥ dichloromethane(DCM)ZE FZ38F U5 4 MgSO4E
a2 sk 5535t ol#2 A @1 ZAME flash column
chromatography 2 #2] AA|ste] A1 L E 2737.5g 91 %)E E2U
HRMS (70 eV, EI+): m/z caled for C54H36N20: 728.2828, found: 728.
Elemental Analysis: C, 89 %; H, 5 %

l

TEE AAT F, 2

ot
Ay
ol

3

o}
ol

—’F%‘-E 3: A s3] 34
o 5. FIHA 1-29] FA

ot
X,
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Y Q
S SIS e

1-1 -2

o

A SHANAM FHA 1-1(90 g, 254 mmol)S dimethylforamide(DMF) 0.8 Lol =<9 %

o 719l bis(pinacolato)diboron (77.5 g, 305 mmol)<} (1,1°-
bis(diphenylphosphine)ferrocene)dichloropalladium(II)(2.70 g, 2.54 mmol) 12l 3L potassium
acetate(74.8 g, 762 mmol)S WL 150 TolA 20A1ZF F<t 71g3ste] &7/ AlHY. vk
42 T ugele] B2 Y1 EYES JEUW T, AT 2olA Az ol
AR ™ALE flash column chromatography® 8] A A dhe] F7HA] 1-2(75.8 g, 67 %)=
=L -

HRMS (70 eV, EI+): m/z calcd for C30H28BNO2: 445.2213, féund: 445.

Elemental Analysis: C,81%;H,6%

St A 6: $7HA 1-39] A

. -3
2 7oA 3-bromo-9-phenyl-9H-carbazole(100 g, 310 mmol)2- tetrahydrofuran(THF)
0.8 Ll =91 &, o]7]o 3-chlorophenylboronic acid(53.4 g, 341 mmol)<}
tetrakis(triphenylphosphine)palladium(3.58 g, 3.10 mmol) & ¥ MWHA|Z Y & E 3 d
potassuim carbonate(114 g, 775 mmol)& 23 80 CollA 16412+ 9t 718t &5
AT v g8 3 wkgdo] 28 ¥l dichloromethane(DCM)E F& O F
MgSO4Z +8& AAS ¥, Felatn At 5533k oA Fof FAE 1l
column chromatography® £ FA|sted F7hA] 1-3(91.0 g, 83 %) EAUTh
HRMS (70 eV, EI+): m/z caled for C24H16CIN: 353.0971, found: 353.
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Elemental Analysis: C, 81 %; H, 5 %

FAdd 7: F7A 148 A

| ) Q POOL{cph, Kiaceo) Q&
o Ll TR Qm@ 7

-3 1-4

A 7oA FHA 1-3(90 g, 254 mmol)S dimethylforamide(DMF) 0.8 Lol =91 &

o1 7]l bis(pinacolato)diboron (77.5 g, 305 mmol)¢}F (1,1°-
bis(diphenylphosphine)ferrocene)dichloropalladium(II)(2.70 g, 2.54 mmol) 18]I potassium
acetate(74.8 g, 762 mmol)-& ¥ 150 TolX 2541 T 7hgste] &7/ Alzch b
S8 F el E& 91 EFES FHI F, AT ENA XA o] F A
Bo}Z ZHALE flash column chromatography 2 2] A A5l F7HA 1-4(67.9 g, 60 %)
dauH.

HRMS (70 eV, EI+): m/z calcd for C30H28BNO2: 445.2213, found: 445.

Elemental Analysis: C, 81 %; H, 6 %

FAo 8: FIHA 1-59] A

Pa(doa),

Br + Tdut:j‘J(ITC Br

A4 37 A 3-bromo-9H-carbazole(100 g, 406 mmol)S toluene 1.2 Lol =<1 &,
o} 7]l 3-iodobiphenyl(137 g, 488 mmol), bis(dibenzylideneacetone)palladium(o)(2.33 g, 4.06
mmol), tris-tert butylphosphine(4.11 g, 20.3 mmol) 2] 1L sodium tert-butoxide(46.8 g, 487

mmol)& 22 ¥ 100 TAlA 10417 5¢F 71E3le] g7 A7, ¥ 98
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' F wkg-odo] & YT dichloromethane(DCM)E &3 & F T MgSO4E FES

AAR F, BEGT 2L FHec oA 2olA WALE flash column
chromatography 2 8] AA|dte] 38 F7HA) 1-5(82.5 g 51 %) LU
HRMS (70 eV, El+): m/z calcd for C24H16BrN: 397.0466, found: 397. |
Elemental Analysis: C, 72 %; H, 4 %

g 9:A T S¥tE 19 4

2 €
+ ar PP, K00, a @ ® o
| gj{’% b THF, 80°C ,;,Q

BAHANM FZHA 1-2(20 g, 44.9 mmol)E tetrahydrofuran(THF) 0.2 Lol =<1 %,

S
& 7] ol 3-bromo-9-phenyl-9H-carbazole(14.5 g, 44.9 mmol) £}
tetrakis(triphenylphosphine)palladium(0.52 g, 0.45 mmol)-& ¥ 3 WHHA|ZH T, Bl ¥3ld
potassuim carbonate(16.5 g, 112 mmol)S ¥ 3 80 TollA 15A1ZF H<t 7tEste] 37/

AlZch ¥he g $ whg o] E-& ¥l dichloromethane(DCM)E F&3 ¢ FF

MgSO4E F8& AAT F, et Y F533T olZA do FALE flash
column chromatography = 2 A A8t A O FTE 1(22.7g 90 %S It

HRMS (70 eV, El+): m/z calcd for C42H28N2: 560.2252, found: 560.
Elemental Analysis: C, 90 %; H, 5 %

A 10: A O 3TE 29 A

L | ¢ ¥
'g& e e OGO

N HF, 80°C

-
An ?} o 5} F7Al 1-4(20 g, 44.9 mmol) & tetrahydrofuran(THF) 0.2 Lol =<1 %,

2

&3 714 - 3-bromo-9-phenyl-9H-carbazole(14.5 g, 44.9 mmol) 2}
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tetrakis(triphenylphosphine)palladium(0.52 g, 0.45 mmol)& Y3 WHIAIZ T Eo ¥3}d
potassuim carbonate(16.5 g, 112 mmol)& ¥ L 80 TollA 17412 &<+ 7+ 5}
ART WS g8 F wEdel] 28 Y1 dichloromethane(DCM)E F &3 o8 F4
MgSO42 &5 AAT ¥, e e &8t olgA 4

column chromatographyi 2] A AL 3EE 2214 ¢ 85 %)=

HRMS (70 eV, EI+): m/z caled for C42H28N2: 560.2252, found: 560.
Elemental Analysis: C, 90 %; H, 5 %

FqAdd 1 A0 SE 339 A

©

&+

PHPNa 1o () O
THF, 80°C O O

& fzg
&

A B7NA F7HA [-2(20 g, 44.9 mmol)E- tetrahydrofuran(THF) 0.2 Lol 591 &
A7)0 FZFA 1-5(17.9 g, 44.9 mmol)9} tetrakis(triphenylphosphine)palladium(0.52 g, 0.45
mmol)S ¥l MYA| T}, &9l E3HE potassuim carbonate(16.5 g, 112 mmol)& ¥ 3L
80 CTolA] 18412 B 7hdsted 85 AR wg ¢8 F uhgde 2L ¥n
dichloromethane(DCM)E F& & th& F5 MgSO4E FE& AAT 5, sl
23 HEEQT o|@A Yojd HAFE flash column chromatography 2 #2] & A3}
AN 385 33(24.6¢g 86 %) BT

HRMS (70 eV, EI+): m/z calcd for C48H32N2: 636.2565, found: 636.

ElémentalAnalysis: C,91%;H,5%

SHAd o 12: AT 35HE 349 34
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G | o Q
| »
FC g o g (ST

p fzg
®
b3

A%

oY,

ol Al F7+A| 1-4(20 g, 44.9 mmol)E- tetrahydrofuran(THF) 0.2 Lol ¢l &,
A7) FHA 1-5(17.9 g, 44.9 mmol)$} tetrakis(triphenylphosphine)palladium(0.52 g, 0.45

ot

mmol)-& ¥ WHIAIHTE ol 38 potassuim carbonate(16.5 g, 112 mmol)S ¥ 1L
80 TolA 18412t F<t 7FE38te] 3R/ AlZTh ¥hg 45 & dhgde] & Y
dichloromethane(DCM)E &3 T} £ Mgso4£ TES AAZ & e s
A8 &5t olg A ¥oJX FALE flash column chromatography 2 8] 3 A 5F¢f
AT 35S 34(25.7 g, 90 %)< AUt

HRMS (70 eV, EI+): m/z caled for C42H32N2: 636.2565, found: 636.

Elemental Analysis: C, 91 %; H, 5 %

A 13: A0 35S HT-18] A4

e

©
atCHEE =O e

A4 #7AM 9-phenyl-9H-carbazol-3-ylboronic acid(20 g, 69.7 mmol)&

HT

tetrahydrofuran(THF) 0.2 Lol =<1 ¥, oJ7]¢ 3-bromo-9-phenyl-9H-carbazole (22.4 g, 69.7
mmol)$} tetrakis(triphenylphosphine)palladium(0.81 g, 0.70 mmol)-& ¥ 31 WA Z T},
Eol Z3}¥ potassuim carbonate(25.7 g, 174 mmol)& ¥l 80 ColA 16413t F<t
7tgB3te] 7 AlZT H* s €8 ¥ Q3o E& Y dichloromethane(DCM)Z

\

F23% thg FF MgSO4E F8& AAT & YHA 29 5533tk o %A
ol R ZHALE flash column chromatography 2 #2] A3ty AT s3}E HT-1(28.7 g,
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85 %)< AU,
HRMS (70 eV; El+): m/z calcd for C36H24N2: 484.1939, found: 484.
Elemental Analysis: C, 89 %; H, 5 %

(Gaussian &5 °]-§8 oUx] £9 A)

T 738 GAIA (IBM power 6) & 2 X Z 12 Gaussian 095 A}&3}e] B3LYP/6-31G**
HRoz 7z g duyx EHE AMSIY 2 AHE &7 ® 19 YeEhgATh
(& 1]

N HOMO (eV) | LUMO (eV)
AT EE-4 -4.77 -0.87
AT 3329 -4.70 -0.91
A1 3H3HE-27 -4.75 -1.10
A O 5gE-1 -5.04 -0.77
A0 33E-2 -5.17 -0.73
A T83E-33 | -504 -0.98
A0 5H3HE-34 -5.17 -0.97

71 AR G2W SFE A 1SEE4, AISFE9, a8 A1 S3E-
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