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[202]

[203]
[204]
[205]

[206]
[207]

[208]
[209]
[210]

[211]
[212]

[213]

[214]

F71 71 2AE Al s

ol gl A, & gl whE Bt o R FA M= e T 3
717 Ak Az ol Bato] DAl & 5o A4 ez ArgshAnt, &
Ergo) sl e AAl o 2 d H = A of

—“5: eS| 01] £ 39 E(Fmal Product)2 3}7] WH-&-2] 13} o] Sub 137} Sub 2E

<J8 4 1>
Art Art
(R?)m R)m )
- . /Arz Pd(PPhs), / NaOH /@\ . N/A'
Ar NN S + (Ho)B—L—N_ > Ar N O Nar
Ar! THF / H,0
(L &
\\(R1)n (R1)n
Sub 1 Sub 2 Final Product

Sub 1ol $3&h= A4 4 31359 $HAd o = ve-3} Ptk

L Sub 1] A

7] HEE 21 19] Sub 12 8h7] W32 29] whg A =2l o8| A E - e,
olof 34 E = A2 ol

<HEZ-24] 2>

(R)m Art

_f (R)m
B
HNN /) r Ar I Pd,(dba); / PPh, /@\ O Br
+ —_— Ar® N

7\ NaOt¢-Bu / Toluene
\\(R1)n Ar®
RY)n
Sub 1-1 Sub 1-2 Sub 1

2Abe 2222100 Sub 11 (19 %), Sub 1-2 (19 %), Pdx(dba); (0.05F %), PPhy
(0.12%), NaOr-Bu (3% 3F), toluene (10.5mL/subl-1 1mmol)S -2 30
100°Col A] 152 AT whGo) bR H Y etherst B2 25T T 5752
MgSO, 2 71 238hal 555 3 A E /7] &L silicagel column 2 A2 % 5} o]
Sub 1= A AT}

(1) Sub 1(1) 34
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[215] O
HN O Br _Pdldba)s 1PPh; @
‘/: NaOt Bu / Toluene Br
J
Sub 1-1 Sub 1-2-1 Sub 1(1)

[216] Tt uFE & 2F 2~ A 9l 3-bromo-9H-carbazole (4.9g, 20mmol),
5'-iodo-1,1":3",1"-terphenyl (7.1g, 20mmol), Pd,(dba); (0.9g, Immol), PPh; (0.5g,
2mmol), NaOr-Bu (5.8g, 60mmol), toluene (210mL)-S ¥ - ¥l 100°Coll A HH-g-2
Z &g}, Hhg-o] &7 EH etherd} B2 %3 F £-715 8 MgSO,&2 A 23
55 T A HE f-7]1E S silicagel column 2 A A A s A& 7.8g (5
82%) e LAt

[217] (2) Sub 1(7) §A

[218] O
Br Pd (dba) /PPh O O
ST Sasva
J

Sub 141 Sub 1-2-2 Sub 1(7)

[219] Tt uFE & 2F 2~ A 9l 3-bromo-9H-carbazole (4.9g, 20mmol),
1-(5-iodo-[1,1":4',1"-terphenyl]-3-yl)naphthalene (9.6g, 20mmol), Pd,(dba); (0.9g,
Immol), PPh; (0.5g, 2mmol), NaOz-Bu (5.8g, 60mmol), toluene (210mL)< ¥ - 3
100°Col A ¥h-3-& X g}, ghg-o] b ¥ etherdt B2 58 5 7152
MgSO, = 71&3shal 58 T WA H 771 = £ silicagel column R A2 73 5}

AAAE 9.6g (581 80%) & cME}

[220] () Sub1(1) A

[221] O
J
Br sz(dba)3 1 PPhy
+ O O : NaOtBu/Tquene o
J
g

Sub 1-1 Sub 1-2-3 Sub 1(11)
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[222]

[223]

[224]

[225]

[226]

[227]
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Tt uFE & 2F 2~ A 9l 3-bromo-9H-carbazole (4.9g, 20mmol),
S"-iodo-1,1"3',1":3",1":3",1""-quinquephenyl (10.2g, 20mmol), Pd,(dba); (0.9g,
Immol), PPh3 (0 Sg, 2mmol), NaOz-Bu (5.8g, 60mmol), toluene (210mL)< ¥ -2 3
& X3y gte} vh-g-o] ¢k YA ethere} 5 ‘%‘EEL T Fles

53¢ T A 7] = silicagel column 2 A2 74 5}of

100°Col) A Hlt
MgSO,= Zﬂ }
A= 9. 6g (5

F, Sub 19] e A3= of o} ot ool Fhg =

71%)& LA

FD-MS+= 317] % 13 &t}

QL e AL S
© O B’Br

Sub 1(1)

o ®
“Hzr.
O N Br N Br O
ﬂf’uagiﬂgaf Os@

Sub 1(5)

&

9 Br

Sub 1(9)

Sub 1(2)

Sub 1(6)

!O

‘,Br

Sub 1(10)

Sub 1(3)

Br

Sub 1(7)

o)
L

T

ohIw, o] 5]

Sub 1(4)

dp
SWe ™
éfv

Sub 1(8)

3,088

Sub 1(11)

Sub 1(12)

9 <.
lg!OéfymciCgépﬂgiggépﬂi%;ééiﬂ

Sub 1(13)

Sub 1(14)

Sub 1(15)

Sub 1(16)
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[228]

[229]

[230]
[231]

[232]
[233]
[234]

[235]
[236]

[237]
[238]

9
OO g Br B 0 <9 B ® q Br

Sub 1(17) Sub 1(18) Sub 1(19) Sub 1(20)

spete FD-MS spete FD-MS
Sub 1(1) | m/z=473.08(CsoH20BrN=474.39) | Sub 1(2) | m/2=523.09(CssH.,BrN=524.45)
Sub 1(3) | m/z=523.09(Cs4H,,BrN=524.45) | Sub 1(4) | m/z=549.11(CssH,4BrN=550.49)
Sub 1(5) | m/z=573.11(CssH24BrN=57451) | Sub 1(6) | m/z=573.11(CasH24BrN=574.51)
Sub 1(7) | m/z=599.12(CaoH16BrN=600.55) | Sub 1(8) | m/z=573.11(CagH4BrN=574.51)
Sub 1(9) | m/z=599.12(CaoH16BrN=600.55) | Sub 1(10) | m/z=625.14(Ca;H,sBrN=626.58)
Sub 1(11) | m/z=625.14(Ca;H1:BrN=626.58) | Sub 1(12) | m/z=625.14(Ca;H.sBrN=626.58)
Sub 1(13) | m/z=549.11(C3sH,4BrN=550.49) | Sub 1(14) | m/z=549.11(CssH,4BrN=550.49)
Sub 1(15) | m/z=599.12(CaoH26BrN=600.55) | Sub 1(16) | m/z=599.12(CaoH2sBrN=600.55)
Sub 1(17) | m/z=599.12(CaoH26BrN=600.55) | Sub 1(18) | m/z=599.12(CaoH,sBrN=600.55)
Sub 1(19) | m/z=625.14(C,H,sBrN=626.58) | Sub 1(20) | m/z=625.14(Ca;H,sBrN=626.58)
Sub 1(21) | m/z=625.14(C,,H,5BrN=626.58)

I Sub 2¢] &4
AF7] HE-g-2] 12] Sub 25 817] HE-§-2] 39] HE-G- A 2ol o8] A E 4 o,
olo)] A ¥ = AL ol

<{k-3-2] 3>

/ArZ Pd,(dba); / PPhs /Arz Triisopropyl borate /A"Z
] — —_—h —
Br—L—l 4 HN_ M 2OrBu o1 Br—L—N ——®  (HORLB—L—N_
A 20¢-Bu / Toluene Nart 2.5M n-BuLi/ Ether Ar'
2N Hcl
Sub 21 Sub 2-2 Sub 2-3 Sub 2

1. Sub 2-39] &4
SouEE T2 A0 Sub 2-1 (1 %), Sub 2-2 (19%), Pdy(dba), (0.05% %), PPh,
(0.1F%), NaOr-Bu (33 3), toluene (10.5mL/sub2-1 Immol)& ¥ -2 0]
100°Cell A ¥h-3-& XN YA} ¥h-3-o] YR =W etherot &8 F53
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MgSO, & A Zstal 553 & A
Sub 2-3-& At}

[239] (1) Sub2-3-1 A

[240]

o,
i

F F-7] 2 silicagel column 2 2] 2 4 5}

Br | Q
Q Pd(dba); / PPhy Br N_@
-+ HN —_—
@ NaOt-Bu / Toluene

Sub 2-1-1 Sub 2-2-1 Sub 2-3-1
[241] Tt HberE 22~ A o) 1-bromo-2-iodobenzene (5.7g, 20mmol), diphenylamine
(3.4g, 20mmol), Pd,(dba); (0.9g, Immol), PPh; (0.5g, 2mmol), NaOz-Bu (5.8g,
60mmol), toluene (210mL)S - Fof] 100°Co) A HH-&-& 21 A 71}, HE-g-o)
A5 ¥ ethere} B2 F238 & 7154 MgSO,=2 2310 553 T AAdd
71 &< silicagel column 2 A A A 5l o] WA E 4.9g (55: 76%)S AUt}
[242]  (2) Sub2-3-2 &4
[243] Br

Br,

@ + O Pd,(dba) / PPhy ®_N
a0toe Tomene W
HN NaOf-Bu / Toluene

Sub 2-1-2 Sub 2-2-2 Sub 2-3-2
[244] U & 22~ 219l 1-bromo-3-iodobenzene (5.7g, 20mmol),
N-phenyl-[1,1'-biphenyl]-4-amine (4.9g, 20mmol), Pd,(dba); (0.9g, 1mmol), PPh;
(0.5g, 2mmol), NaOz-Bu (5.8g, 60mmol), toluene (210mL)S ¥ - F-ol] 100°Col 4]
bS8 AP0}, Hbg-o] SR Y ether9} B2 53 F 77152 MgSO,2
Azxshal 55 F YA H 7715 S silicagel column 2 Al A4 54 A E 6.2¢
(7 78%)= LAt

[245] (3) Sub 2-3-3 31 Al
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[246]

[247]

[248]
[249]

[250]

[251]
[252]

o ‘: e S
<

Sub 2-1-3 Sub 2-2-3 Sub 2-3-3

Tt eE 2f 2~ A of] 2-bromo-2'-iodo-1,1'-biphenyl (7.2g, 20mmol),
N-phenyl-[1,1":2',1"-terphenyl]-2-amine (6.4g, 20mmol), Pd,(dba); (0.9g, Immol), PPh
; (0.5g, 2mmol), NaO¢-Bu (5.8g, 60mmol), toluene (210mL)S % - ?—oﬂ 100°C el A
B2 YA whgo] = H W etherd} &2 F53 5 #7153 MgSO,=
Azstal 553 5 YA E 771 =S silicagel column 2 A A A 3Fo] A= 7.7¢
(‘FE 74%) = 1:/\/\14‘

(4) Sub 2-3-4 34

Br.
O I HNQ Pdy{dba), / PPh, QT" .
O + O NaO#-Bu / Toluene D
% Br

Sub 2-1-4 Sub 2-2-4 Sub 2-3-4
Tt eE 2f 2~ A of] 4-bromo-2'-iodo-1,1'-biphenyl (7.2g, 20mmol),

9,9-dimethyl-N-phenyl-9H-fluoren-2-amine (5.7g, 20mmol), Pd,(dba); (0.9g, Immol),
PPh; (0.5g, 2mmol), NaO#Bu (5.8g, 60mmol), toluene (210mL)-E -2 F-9f
100°Col A W& X YA 71} wh-3-o] ¢332 ¥ ether®} &2 T%@ 3 HU)=
MgSO, 2 71 238hal 555 3 A E /7] &L silicagel column 2 A2 % 5} o]

AAAE 81g (F78:78%) & cME}

(5) Sub 2-3-5 §A

Br N Pd,(dba), / Ppm‘\,
O + NaOt-Bu / Tol
@ O a u oluene
o LCq

Sub 2-1-5 Sub 2-2-5 Sub 2-3-5

o
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[253] St uFE & 22~ A 9l 4-bromo-3'-iodo-1,1'-biphenyl (7.2g, 20mmol),
N-([1,1'-biphenyl]-4-yl)naphthalen-1-amine (5.9g, 20mmol), Pd,(dba); (0.9g, 1mmol),
PPh; (0.5g, 2mmol), NaO#Bu (5.8g, 60mmol), toluene (210mL)-S -2 F-9f
100°Cell A §E-3-& XA 71 e}, gh-g-o] SR W ether®} = 2 F53 5 7715
MgSO, 2 71 238hal 555 3 A E /7] &L silicagel column 2 A2 % 5} o]

WAL 7.8g (8 74%) S ATt
[254]  (6) Sub 2-3-6 &4
[255]

o

C

o
OO+ e Oy
‘. -0

~ Sub 2-1-6 Sub 2-2-6 Sub 2-3-6
[256] St uFE & 22~ A ol 4-bromo-2-iodo-1,1'-biphenyl (7.2g, 20mmol),
N-([1,1'-biphenyl]-4-yl)naphthalen-2-amine (5.9g, 20mmol), Pd,(dba); (0.9g, 1mmol),
PPh; (0.5g, 2mmol), NaO#Bu (5.8g, 60mmol), toluene (210mL)-S -2 F-9f
100°CoN A BE-&& XA 71t} wh-3-o] &5 ¥ ether®} &2 53+ F7|5&
MgSO, & A Zstil 558 & A E F7]&E < silicagel column A2 A 5}
WAL 7.6g (FE:12%)S ATt
[257]  (7) Sub2-3-7 &4

[258] B 0
Br. O . HN Pd,(dba); / PPh,

—_—l
O NaO£-Bu f Toluene N
| @ ®
Sub 2-1-7 Sub 2-2-7 Sub 2-3-7

[259] Tt eE 2f 2~ A of] 4'-bromo-3-iodo-1,1'-biphenyl (7.2g, 20mmol),
di([1,1'-biphenyl]-4-yl)amine (6.4g, 20mmol), Pd,(dba); (0.9g, Immol), PPh; (0.5g,
2mmol), NaOz-Bu (5.8g, 60mmol), toluene (210mL)< - If—oﬂ 100°Col| A vH&&
AP A 71T}, HE-2 o] Q}EQ 5! etherg]r B FE% T F7]52 MgSO,2
Azsal 553 5 YA E 771 =S silicagel column 2 A4 A 3ol A A = 8.6¢
(T8 78%) S A AT

[260]
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[261]  2.Sub29] FA

[262]  Sub2-3 (1¥%)< 7 Etheroll #o]aL, ¥h-3- =
n-BuLi (2.5M in hexane) (1.1%9 )2 A H 3] A 7}8fal o 3, 9525 30% &<
WHEAT ), 71 3 UA] HEg & o] 25 & -78°CE Y331 Triisopropylborate
(15T E A7t} Lol wRke 7 &8 Yo §AA]7]51 2N HCIE
ol ) Hh-g-o] 941 E W ethyl acetate?} =2 FE3 T §-7]1532 MgSO.Z
Azsta 553 5 YA E F-71 =S silicagel column 2 A A A 31 Sub 2&
A3tk

[263] (1) Sub2(1) A

[264]

(x

2.5M n-BuL.i/ Ether
2N HCI

Q Triisopropyl borate E
By N_@ R . (HO)B N—@

Sub 2-3-1 Sub 2(1)

[265] 2-bromo-N,N-diphenylaniline (6.5g, 20mmol)-S- <= Etherell = ©] 31, §+-&-%& 9]
<55 -78°CE Y341, n-BuLi (2.5M in hexane) (1.4g, 22mmol)S- 5 3 3]
A7bshal b 2 WSS 30u FQF WRIA T 1 3 UA] i E Y 2R E
-78°C = wt5=11 Triisopropyl borate (5.6g, 30mmol)E 4] 7}3} A T}, 72l A
D EFEE 5] &2 Yo 3|4 Al 7] a1 2N HCIS o]t} vh-2-0] 95 ¥ ethyl
acetate?} B & FE3 T §-7]5 8 MgSO,2 AXsa 553 3 A
f71& % silicagel column % #2743t Sub2(1)< 3.2g (78 56%)

[266]  (2) Sub 2(6) ¥4

o oX,

il
(o3 ]
™

At

[267] (HO),B
ie) O
- Y
N .
Triisopropyl borate
S W
O 2.5M n-BulLi / Ether

O 2N HCI O

Sub 2-3-2 Sub 2(6)

[268] N-(3-bromophenyl)-N-phenyl-[1,1'-biphenyl]-4-amine (8.0g, 20mmol)-&
Etherell #50]aL, §F2-E-o] &2 78°CE v+3 31 n-BuLi (2.5M in hexane) (1.4g,
22mmol)S 3] A7bebar & F, ¥h-g= & 30w &t A Z T 1§ URA

HE§-2 9] &5 5 -78°C&E Y331 Triisopropyl borate (5.6g, 30mmol)E
A7bet At el A ke ] =& o] 8|4 A1 7] 5L 2N HCL= ol 0.
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O

Hh-3-o] Eﬂ‘ﬂ ethyl acetate®} =& F= 3t z;f_ 47122 MgSO,& 7Az3}a
A4

5% T WA E {715 £ silicagel column A A4 5lo] Sub2(6)2 4.2¢ (TH&
58%)& AUt

[269] () Sub2(D) ¥4

[270] Br,

C

Triisopropyl borate

— W
N
2.5M n-BulLi / Ether
2N HCl (HO)B @

CL,
slel®

Sub 2-3-3 Sub 2(11)
[271] N-(2'-bromo-[1,1'-biphenyl]-2- yl) -N- phenyl—[l 1':2',1"-terphenyl]-2-amine (11.1g,
20mmol)& < Etherol] = ©] 3L B 255 -78°CE $H351, n-BuLi (2.5M
in hexane) (1.4g, 22mmol)-& Lﬁl Zs 7]' Stal v 3 HES-E S 30% 5ot
WHAI AT, 21 3 A BEEE o] 255 -78°CE SE3=31 Triisopropyl borate (5.6g,
30mmol) & 4] 7F3t Gtk Aol A aRbgk 5 E-& o] 34 A]7] 3L 2N HClS
ol ) Hh-g-o] 947 E W ethyl acetate?} =2 FE3 T §-7]5S MgSO.Z
Azstal 553 5 YA E F-7]1 =S silicagel column 2 A4 A 3Fo] Sub2(11)-S
5. 4g (‘FE 52%) = = }Aq
[272] (4) Sub 2(18) $A]

[273] Q Q
N D.D Triisopropyl borate N O.D
2.5M n-BulLi / Ether
Br 2N HCl B(OH),
Sub 2-3-4 Sub 2(18)

[274] N-(4'-bromo-[1,1'-biphenyl]-2-y1)-9,9-dimethyl-N-phenyl-9H-fluoren-2-amine
(10.3g, 20mmol)S 55> Etherel] =031, HE-g-& 2] 255 -78°CE Y331, n-BuLi
(2.5M in hexane) (1.4g, 22mmol)S ol A7vstal o, 58 308 ot
WHAI AT, 21 3 A BEEE o] 255 -78°CE SE3=31 Triisopropyl borate (5.6g,
30mmol)E A7}t it A2l Al alRESE 5 &8 go] 3 A ]L 2N HCI&
ol ) Hh-g-o] 941 E W ethyl acetate?} =2 FE3 T §-7]1532 MgSO.Z
Azstal 553 5 YA F-7]1 =S silicagel column 2 A A A 3Fo] Sub2(18)-S

5.4g (781 56%)S DAL
[275]  (5) Sub 2(23) §4
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] B, | m—w;;:ﬁ

Sub 2-3-5 Sub 2(23)

[277] N-([1,1'-biphenyl]-4-y1)-N-(4'-bromo-[ 1,1'-biphenyl]-3-yl)naphthalen- 1-amine
(10.5g, 20mmol)-S = Etherel] ¥7o]aL, ¥F-8- 52 &5 & -78°CE Y311, n-Buli
(2.5M in hexane) (1.4g, 22mmol)< 531 8] 4 7}s)al W &, 9h-8-=-& 304 &<t
WHAI AT, 21 3 A BEEE o] 255 -78°CE SE3=31 Triisopropyl borate (5.6g,
30mmol)E 2] 7Fst et Aol A aiuket F =& @ o] 34 A7) 2N HCl&
ol ) Hh-g-o] 947 E W ethyl acetate?} =2 FE3 T §-7]5S MgSO.Z
AZx8 AL 553 T YA EH F-7] 52 silicagel column 2 A2 A 5Fe] Sub2(23)S
51g (78 52%)S AU

[278] (6) Sub 2(28) 3tAl

[279] O O
C@ N 2.5M n-BuLi/ Ether N
Br o (H°>zB

Sub 2-3-6 Sub 2(28)

[280] N-([1,1'-biphenyl]-4-y1)-N-(4'-bromo-[1,1'-biphenyl]-2-yl)naphthalen-2-amine
(10.5g, 20mmol)S = Etherol] ¥ o] i, 9h-3 &9 &% & -78°CE SH311, n-BuLi
(2.5M in hexane) (1.4g, 22mmol)& 31 3] 4 7}stal o &, ¥h-5-5-& 307 &<t
WHAI AT, 21 3 A BEEE o] 255 -78°CE SE3=31 Triisopropyl borate (5.6g,
30mmol)E 4] 7}8F At} Ab2-o A nHbeE 5 &8 Yol 34 A 7] A1 2N HClS
ol ) Hh-g-o] 941 E W ethyl acetate?} =2 FE3 T §-7]1532 MgSO.Z
AZ8 AL 553 T YA EH F-7] 52 silicagel column 2 A2 A 5Fo] Sub2(28)S
5.4g (78 55%)S DAL

[281]  (7) Sub 2(32) ¥4

[276




WO 2015/072729 PCT/KR2014/010821

Br l (HO),B i
O Triisopropyl borate O
—_—

OO OO OO OO

Sub 2-3-7 Sub 2(32)

[283] N,N-di([1,1"-biphenyl]-4-yI)-4'-bromo-[1,1'-biphenyl]-3-amine (11.1g, 20mmol)--
4= Etherel] ¥0] a1, Wh-3-&E-9] & & & -78°C& 331, n-BuLi (2.5M in hexane)
(1.4g, 22mmol) S A 3] X 7}s}ar v T, Hh-§ 59 30% o wwkA| oy o1 &
CA] HE-S- &9 255 -78°CE 311 Triisopropyl borate (5.6g, 30mmol) &
2 7}ak ol oh, Ao A wHkEE 5] 28 o 3|4 A] 7] a1 2N HCl= Yo+t

HE-§-o] 9+ ¥ ethyl acetate 2} = 2 FE3 T §-7]52 MgSO,& 7123141

5% T A H F-7] =2 silicagel column 2 A2 A 8] Sub2(32)% 6.2¢ (&
60%)<= A 3Tt

[284]  ¥HH, Sub29] o A[5= of & FF o1} ool A E] = A& o, o] 59
FD-MS== 38171 % 29 ¢t}

[285] (Ho)z
(HO)z%—@ (HO)B N @ * (HO),B N’b

[282]

Sub 2(1) Sub2(2)  Sub 2(3) Sub 2(4)
[286] (HO),B
@_ (HO)ZB—Q Q\I S
: N—Q ) (HO)ZB—Q
-39 8,
O
Sub 2(5) Sub 2(6) Sub 2(7) Sub 2(8)
[287]
&ymomz (HO)E & ? j
(Ho) ’ B(OH)z

Sub 2(9) Sub 2(10) Sub 2(11) Sub 2(12)
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[288]
B(OH)2:‘ f
(‘ o 6.1 & ‘QB(OH,Z ‘:
O B(OH)z

{HO),B

Sub 2(13) Sub 2(14)  Sub 2(15) Sub 2(16)

.
B(OH)2 O B(OH), B(OH)z ‘B(OH)Z

Sub 2(17) Sub 2(18) Sub 2(19) Sub 2(20)

290] . ” ' (HO)B ‘\,
PO 08 oy LU0

(OH),

[289]

Sub 2(21)  Sub 2(22) Sub 2(23) Sub 2(24)

Q B(OH),

Sub 2(25) Sub 2(26)  Sub 2(27) Sub 2(28)

’if. : o,

B(OH).
Sub 2(29) Sub 2(30) Sub 2(31) Sub 2(32)

[292]



44

WO 2015/072729 PCT/KR2014/010821

B(OH);

[293] (HOLE O O (HO)ZB O

Sub 2(33) Sub 2(34) Sub 2(35)

[294] [3% 2]

[295] stz FD-MS sl e FD-MS
Sub 2(1) | m/z=289.13(C15H16BNO; =289.14) Sub 2(2) | M/z=339.14(Cz,H1sBNO, =339.19)
Sub 2(3) | m/z=339.14(CxH1BNO, =339.19) Sub 2(4) | M/z=365.16(Co4HxBNO, =365.23)
Sub 2(5) | M/z=365.16(C24H20BNO, =365.23) Sub 2(6) | M/z=365.16(CosH2BNO, =365.23)
Sub 2(7) | m/z=441.19(CsoH24BNO, =441.33) Sub 2(8) | m/z=441.19(CsoH»4BNO, =441.33)
Sub 2(9) | M/z=441.19(CsH24BNO, =441.33) Sub 2(10) | M/z=441.19(CsH24BNO, =441.33)
Sub 2(11) | M/z=517.22 (CagHBNO, =517.42) | Sub 2(12) | m/z=517.22 (CagH26BNO; =517.42)
Sub 2(13) | M/z=517.22 (CsH2BNO, =517.42) | Sub 2(14) | m/z=517.22 (CsgH,sBNO, =517.42)
Sub 2(15) | m/z=517.22 (C3sH2sBNO; =517.42) Sub 2(16) | m/z=517.22 (C3H2sBNO, =517.42)
Sub 2(17) | M/z=51722 (C3HBNO;, =517.42) | Sub 2(18) | m/z=481.22(C33H»sBNO, =481.39)
Sub 2(19) | m/z=605.25(C4sH3:BNO, =605.53 Sub 2(20) | m/z=603.24(C43H2BNO; =603.51)
Sub 2(21) | M/z=46519(CsH24BNO, =465.35) Sub 2(22) | M/z=465.19(Cs,H»4BNO, =465.35)
Sub 2(23) | M/z=491.21(C34H,6BNO, =491.39) Sub 2(24) | m/z=531.24(Cs;H3BNO, =531.45)
Sub 2(25) | M/z=65527(Ca7H3BNO; =655.59) Sub 2(26) | M/z=653.25(C47H3,BNO, =653.57)
Sub 2(27) | M/z=465.19(C3,;H24BNO, =465.35) Sub 2(28) | M/z=491.21(C34HBNO, =491.39)
Sub 2(29) | m/z=53124(C3;H30BNO, =531.45) Sub 2(30) | M/z=655.27(C47H24BNO, =655.59)
Sub 2(31) | M/z=653.25(C47H3,BNO, =653.57) Sub 2(32) | M/z=517.22(CssH2BNO, =517.42)
Sub 2(33) | m/z=557.25(C3oH3,BNO, =557.49) Sub 2(34) | m/z=681.28(C4sH3sBNO, =681.63)
Sub 2(35) | M/z=679.27(C4gH3BNO, =679.61)

[296]

[297] II. &% A A & (Final Product)e] &4

298] FEubebEekzazel Sub 1 (19%), Sub 2 (135, PA(PPh,), (0.03F %), NaOH
(3% %), THF 3mL/1mmol), & (1.5mL/Immol)& ¥ =t} 18 -l 80°C~90°C
Aol A 71 B HA 71 BES o] kR EW AL =HSE Y
s A7) A2 2 elo] = e} B2 FEFTE F7]158 MgS0,2 13t

A A H 8352 silicagel column 2 A A A Slo] HE YA ES

n2 of
32

gk 5
k=3
[299] 11134
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[300] S0, O Q

O O Q é@ Pd{(PPhg), O Q’N

N + b THF / NaOH O

. J

Sub1(1) Sub2(1) 11

[301] Tt uPE = gk~ Aol 9-([1,1%:3,1"-terphenyl]-5'"-yl)-3-bromo-9H-carbazole (9.5g,
20mmol)<- % 37, (2-(diphenylamino)phenyl)boronic acid (5.8g, 20mmol), Pd(PPh,),
(0.7g, 0.6mmol), NaOH (2.4g, 60mmol), THF (60mL), = (30mL)S ¥ +=t}. 1+
ol 80°C~90°C el A 7FE Al ZIth BEg-o] AR HW ALolA S/HTE
Yol A7 WA F 2ol e}t BZ FE) 7752 MgSO,&2
Azxshe] 5353 T YA H 3F3HE S silicagel column 2 A A 5] AAE5.0g
(7 68%)= LAt

[302]  2.2-6 &4

[303] - O@
O OOQ (HOLB @ Pd(FPh,), O
+ o ON — N

i THF / NaOH O O @
o
Sub1(2) ) Sub2(3) 2.6

[304] L eE 2f 2 A o)) 3-bromo-9-(5-(naphthalen- 1-y1)-[ 1,1'-biphenyl]-3-y1)-9H-carb
azole (10.5g, 20mmol)S- ¥ 31, (3-(naphthalen-1-yl(phenyl)amino)phenyl)boronic acid
(6.8g, 20mmol), Pd(PPhs), (0.7g, 0.6mmol), NaOH (2.4g, 60mmol), THF (60mL), &
(30mL)S @i=t} 138 Fof 80°C~90°C A Efjoll A 71 sk A1 71t} HEL-0)
SR FLoM SHTE Hol A 7L MEdERge|net =2
FEZIU F715S MgSO,= A x28ko] 553 5 YA E 33E-2 silicagel
column A2 7435t YA E 10.5g (58: 71%)= AT}

[305]  3.3-11 84

[306]
o

Q Q (HO)z
" Pd(PPh;), @ O
s PR Wy
Br O @ THF / NaOH O N@

Sub1(3) Sub2(11) 3411
[307] SdnteEg A~ H o
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3—br0m0—9—(5—(naphthalen—2—y1)—[1, 1'-biphenyl]-3-yl)-9H-carbazole (10.5g,
20mmol)S % a1,
(2'-([1,1:2',1"-terphenyl]-2-yl(phenyl)amino)-[ 1,1'-biphenyl]-2-yl)boronic acid (10.3g,
20mmol), Pd(PPh;), (0.7g, 0.6mmol), NaOH (2.4g, 60mmol), THF (60mL), &
(30mL)< 9=tk 17 Fof) 80°C~90°C A E el A 7+ BHFA| 21T, HE-g-o]
FREY FeolH FH4E Hol FAAY| I P AZ R o|uo} B
FZ3) F7] 52 MgSO,2 A Z28he] 533 3 A A E 31352 silicagel
column E A 275t A= 11.4g (F5: 62%)= AT

[308] 4.4-14 34

[309]
O O O O _ PP

O N O (oY THF / NaOH O D O @
Br O O
Sub1(4) Sub2(15) 414

[310] R A et s K|
9-([1,1':3',1":4",1"-quaterphenyl]-5'-yl)-3-bromo-9H-carbazole (11.0g, 20mmol)-S-
a1, (3'-([1,1:2',1"-terphenyl]-3-yl(phenyl)amino)-[ 1,1'-biphenyl]-2-yl)boronic acid
(10.3g, 20mmol), Pd(PPhs), (0.7g, 0.6mmol), NaOH (2.4g, 60mmol), THF (60mL), =
(30mL) & =t} 217 Fo) 80°C~90°C A Hfell A 7hA F Al 71 T). wE-E-o]
A BL A T ol AN Aol m g 22
FE3H) f-7]1 52 MgS0,2 7128} o T A A ¥ 3}3HE2 silicagel
column Z A2 A5}l YA E 12.1g (—rg 64%)= AT}

[311] 551984

[312] ®
> ®
O (HO),B O - % O " O O
g Br + o —= o
& 00 o0

[313] R A et s K|
3-bromo-9-(5 —(naphthalen— 1-yD)-[1,1%4',1"-terphenyl]-3-yl)-9H-carbazole (12.0g,
20mmol)S % a1,
(4'-([1,1:4',1"-terphenyl]-4-yl(phenyl)amino)-[ 1,1'-biphenyl]-2-yl)boronic acid (10.3g,
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[314]
[315]

[316]

[317]
[318]

[319]

20mmol), Pd(PPh;), (0.7g, 0.6mmol), NaOH (2.4g, 60mmol), THF (60mL), &
(30mL)S ¥i=t} 1% Foll 80°C~90°C el A 71 EF A 71T}, Hh-g-0]
SRHA HF2olH FRFE Yol S 7L MEdER o] =9 &7
FE3) f-7]152 MgS0O,2 28 ] F3e T YA H 3}13HE 2 silicagel
column 2 A2 3sto] YA E 12.9g (T5:65%)S A3}

6. 6-22 FA
)
O ); Pd(PPh3)4
O N O Br THF / NaOH O O
@ O (HO)z
Sub1(8) Sub2(18) 6-22

bl Eet ]
3-bromo-9-(5-(naphthalen-2-yl)-[1,1":4',1"-terphenyl]-3-y1)-9H-carbazole (12.0g,
20mmol)& ¥ 3L,
(2'-((9,9-dimethyl-9H-fluoren-2-yl)(phenyl)amino)-[ 1, 1'-biphenyl]-4-yl)boronic acid
(9.6g, 20mmol), Pd(PPhs), (0.7g, 0.6mmol), NaOH (2.4g, 60mmol), THF (60mL), &
(30mL)S ¥i=t} 1% Foll 80°C~90°C el A 71 EF A 71T}, Hh-g-0]
SR FLoM SHTE Hol A 7L MEdERge|net =2
FE3) f-7]152 MgS0O,2 28 ] F3e T YA H 3}13HE 2 silicagel
column Z A2 A5l WA E 12.3g (55: 64%)S AT}

7.7-25 A
- O
s &
aady N + 2 T, OO N o
SN SEaser

ToutEE T
9-([1,1:4,1":3",1":4",1""-quinquephenyl]-5"-yl)-3-bromo-9H-carbazole (12.5g,
20mmol)S- ¥ 37, (3'-(di(naphthalen-1-yl)amino)-[1,1'-biphenyl]-4-yl)boronic acid
(9.3g, 20mmol), Pd(PPhs), (0.7g, 0.6mmol), NaOH (2.4g, 60mmol), THF (60mL), &
(30mL)S =T} L' Fof 80°C~90°C “El 011 A 7FE FF A 7T w0l
=Ll *J%Oﬂﬁ THTE ol AT Ed S retolug R
FE3 7158 MeSO,2 A 231 5% 'J T A ¥ 3}3HE S silicagel
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column 2 A 27g3te] A& 13.2¢ (58 68%)= AAT].

[320] S, A7) o 2 Al o o) uhet Al 2 E By o] 3151 E 1-1 WA 7-409]
FD-MS %k &b~ 35 33 &}

[321]  [% 3]



49

WO 2015/072729 PCT/KR2014/010821
[322] a5t FD-MS st e FD-MS

1-1 m/z=638.27(C4sH34N,=638.80) 1-2 m/z=638.29(Cs;H3sN,=688.86)
1-3 m/z=638.29(Cs;H3sN,=688.86) 1-4 m/z=714.30(Cs4H3sN,=714.89)
1-5 m/z=688.29(Cs;HzsN,=688.86) 1-6 m/z=738.30(CsgH3sN,=738.91)
1-7 m/z=738.30(CssH3sN,=738.91) 1-8 m/z=764.32(CssHN,=764.95)
1-9 m/z=764.32(CssHoN,=764.95) 1-10 | m/z=764.32(CsgHaoN,=764.95)
1-11 m/z=840.35(Ce4H4sN,=841.05) 1-12 | m/z=840.35(CgsHasN,=841.05)
1-13 m/z=866.37(CssHasN,=867.08) 1-14 | m/z=866.37(CeeHaeN,=867.08)
1-15 m/z=866.37(CosHusN,=867.08) 1-16 | m/z=866.37(CesHasN,=867.08)
1-17 m/z=890.37(CysHasN,=891.11) 1-18 | m/z=890.37(CesHaeN,=891.11)
1-19 m/z=890.37(CoHasN,=891.11) 1-20 | m/z=890.37(CegHaN,=891.11)
1-21 m/z=890.37(CysHasN,=891.11) 1-22 | m/z=880.38(Ce;HasN,=881.11)
1-23 m/z=1004.41(C,,Hs,N,=1005.25) | 1-24 | m/z=1002.40(C;,HsoN,=1003.23)
1-25 m/z=890.37(CesHusN,=891.11) 1-26 | m/z=890.37(CssHasN,=891.11)
1-27 m/z=916.38(CoHsN,=917.14) 1-28 | m/z=956.41(Cy3Hs,N,=957.21)
1-29 m/z=1080.44(CezHssN,=1081.35) | 1-30 | m/z=1078.43(CeaHs4N,=1079.33)
1-31 m/z=890.37(CgsHasN,=891.11) 1-32 | m/z=890.37(CegHaeN,=891.11)
1-33 m/z=764.32(CssHN,=764.95) 1-34 | m/z=804.35(C¢;HasN,=805.02)
1-35 m/z=928.38(C-;HasN,=929.15) 1-36 | m/2=926.37(Cy1HaeN,=927.14)
1-37 m/z=790.33(CsoH:N,=790.99) 1-38 | m/z=830.37(CesHaeN,=831.05)
1-39 m/z=954.40(C-3HsoN,=955.19) 1-40 | m/z=952.38(Cy3HssN,=953.18)
2-1 m/z=638.27(C5H34N,=638.80) 2-2 m/z=638.29(Cs,H35N,=688.86)
2-3 m/z=638.29(Cs;HzsN,=688.86) 2-4 m/z=714.30(Cs4H3sN,=714.89)
2-5 m/z=688.29(Cs;HssN,=688.86) 2-6 m/z=738.30(CsgHssN,=738.91)
2-7 m/z=738.30(CssH3sN,=738.91) 2-8 m/z=764.32(CssHN,=764.95)
2-9 m/z=764.32(CsgHoN,=764.95) 2-10 | m/z=764.32(CsgHaoN,=764.95)
2-11 m/z=840.35(CgsH4aN,=841.05) 2-12 | m/z=840.35(Cg,HasN,=841.05)
2-13 m/z=866.37(CssHusN,=867.08) 2-14 | m/z=866.37(CesHasN,=867.08)
2-15 m/z=866.37(CosHasN,=867.08) 2-16 | m/z=866.37(CeHacN,=867.08)
2-17 m/z=890.37(CesHusN,=891.11) 2-18 | m/z=890.37(CesHasN,=891.11)
2-19 m/z=890.37(CoHasN,=891.11) 2-20 | m/z=890.37(CegHaN,=891.11)
2-21 m/z=890.37(CysHasN,=891.11) 2-22 | m/z=880.38(CesHasN,=881.11)
2-23 m/z=1004.41(C77Hs2N,=1005.25) | 2-24 | m/z=1002.40(C7HsoN;=1003.23)
2-25 m/z=890.37(CosHasN,=891.11) 2-26 | m/z=890.37(CesHacN,=891.11)
2-27 m/z=916.38(C7oHsN,=917.14) 2-28 | m/z=956.41(CysHs;N,=957.21)
2-29 m/z=1080.44(CgsHssN,=1081.35) | 2-30 | m/z=1078.43(Cg3Hs4N,=1079.33)
2-31 m/z=890.37(CssHasN,=891.11) 2-32 | m/z=890.37(CeeHasN,=891.11)
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[323] 2-33 m/z=764.32(CssHN,=764.95) 2-34 | m/z=804.35(C¢;HasN,=805.02)
2-35 m/z=928.38(C7:1HusN,=929.15) 2-36 | m/z=926.37(Cy1H4N,=927.14)
2-37 m/z=790.33(CsoH22N,=790.99) 2-38 | m/z=830.37(CesHaeN,=831.05)
2-39 m/z=954.40(C3HsoN,=955.19) 2-40 | m/z=952.38(Cy3H4sN,=953.18)
3-1 m/z=714.30(Cs4H3sN,=714.89) 3-2 m/z=764.32(CssHN,=764.95)
3-3 m/z=764.32(CssHoN,=764.95) 3-4 m/z=790.33(CoH2N,=790.99)
3-5 m/z=764.32(CssHaoN,=764.95) 3-6 m/z=814.33(Ce2H42N,=815.01)
3-7 m/z=814.33(Cs;H:N,=815.01) 3-8 m/z=840.35(Cs4H4sN,=841.05)
3-9 m/z=840.35(Ce4H4sN,=841.05) 3-10 | m/z=840.35(CesHasN,=841.05)
3-11 m/z=916.38(C-oHasN,=917.14) 3-12 | m/z=916.38(CyoHasN,=917.14)
3-13 m/z=942.40(C-,HsoN,=943.18) 3-14 | m/z=942.40(C5,HsoN,=943.18)
3-15 m/z=942.40(C-,HsoN,=943.18) 3-16 | m/z=942.40(C5,HsoN,=943.18)
3-17 m/z=966.40(C-4HsoN,=967.20) 3-18 | m/z=966.40(Cs,HsoN,=967.20)
3-19 m/z=966.40(C-4HsoN,=967.20) 3-20 | m/z=966.40(C74HsoN,=967.20)
3-21 m/z=966.40(C-4HsoN,=967.20) 3-22 | m/z=956.41(Cy3Hs,N,=957.21)
3-23 m/z=1080.44(CezHssN,=1081.35) | 3-24 | m/z=1078.43(CeaHs4N,=1079.33)
3-25 m/z=966.40(C-4HsoN,=967.20) 3-26 | m/z=966.40(Cs4HsoN,=967.20)
3-27 m/z=992.41(C-Hs;N,=993.24) 3-28 | m/z=1032.44(C,HssN,=1033.30)
3-29 m/z=1156.48(CgsHeoN,=1157.44) | 3-30 | m/z=1154.46(CgoHssN,=1155.43)
3-31 m/z=966.40(C-4HsoN,=967.20) 3-32 | m/z=966.40(C74HsoN,=967.20)
3-33 m/z=840.35(Ce4H4sN,=841.05) 3-34 | m/z=880.38(C¢;H4sN,=881.11)
3-35 m/z=1004.41(C,,Hs,N,=1005.25) | 3-36 | m/z=1002.40(C;,HsoN,=1003.23)
3-37 m/z=866.37(CosHusN,=867.08) 3-38 | m/z=906.40(CgsHsoN,=907.15)
3-39 m/z=1030.43(CssHssN,=1031.29) | 3-40 | m/z=1028.41(C7sHs,N,=1029.27)
4-1 m/z=714.30(Cs4H3sN,=714.89) 4-2 m/z=764.32(CssHN,=764.95)
4-3 m/z=764.32(CsgHoN,=764.95) 4-4 m/z=790.33(CeoH2N,=790.99)
4-5 m/z=764.32(CssHN,=764.95) 4-6 m/z=814.33(Cs;H4:N,=815.01)
4-7 m/z=814.33(Cs2H42N,=815.01) 4-8 m/z=840.35(Ce4H4sN,=841.05)
4-9 m/z=840.35(CgsH4aN,=841.05) 4-10 | m/z=840.35(Cs4H4sN,=841.05)
4-11 m/z=916.38(C-oH4sN,=917.14) 4-12 | m/z=916.38(C7oHusN,=917.14)
4-13 m/z=942.40(C-,HsoN,=943.18) 4-14 | m/z=942.40(C;,HsoN,=943.18)
4-15 m/z=942.40(C-,HsoN,=943.18) 4-16 | m/z=942.40(C,,HsoN,=943.18)
4-17 m/z=966.40(C74HsoN,=967.20) 4-18 | m/z=966.40(C74HsoN,=967.20)
4-19 m/z=966.40(C-4HsoN,=967.20) 4-20 | m/z=966.40(C,4HsoN,=967.20)
4-21 m/z=966.40(C4HsoN,=967.20) 4-22 | m/z=956.41(C73Hs;N,=957.21)
4-23 m/z=1080.44(CgsHssN,=1081.35) | 4-24 | m/z=1078.43(Cg3Hs4N,=1079.33)
4-25 m/z=966.40(C4HsoN,=967.20) 4-26 | m/z=966.40(C74HsoN,=967.20)
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[324] 4-27 m/z=992.41(C-Hs;N,=993.24) 4-28 | m/z=1032.44(CssHseN,=1033.30)
4-29 m/z=1156.48(CgsHeoN,=1157.44) | 4-30 | m/z=1154.46(CsoHssN,=1155.43)
4-31 m/z=966.40(C-4HsoN,=967.20) 4-32 | m/z=966.40(C,4HsoN,=967.20)
4-33 m/z=840.35(Cs4HasN,=841.05) 4-34 | m/z=880.38(Cs7HusN,=881.11)
4-35 m/z=1004.41(C,,Hs,N,=1005.25) | 4-36 | m/z=1002.40(C,,HsoN,=1003.23)
4-37 m/z=866.37(CesHasN,=867.08) 4-38 | m/z=906.40(CeoHsoN,=907.15)
4-39 m/z=1030.43(CrsHssN,=1031.29) | 4-40 | m/z=1028.41(C7oHs,N,=1029.27)
5-1 m/z=714.30(Cs4H3sN,=714.89) 5-2 m/z=764.32(CssHoN,=764.95)
5-3 m/z=764.32(CssHaoN,=764.95) 5-4 m/z=790.33(CeoH42N,=790.99)
5-5 m/z=764.32(CssHaoN,=764.95) 5-6 m/z=814.33(Cs;H:N,=815.01)
5-7 m/z=814.33(Cs;Hs2N,=815.01) 5-8 m/z=840.35(Cs4HaaN,=841.05)
5-9 m/z=840.35(CgsH2sN,=841.05) 5-10 | m/z=840.35(CesHasN,=841.05)
5-11 m/z=916.38(CoHasN,=917.14) 5-12 | m/z=916.38(CsoHagN,=917.14)
5-13 m/z=942.40(C7;HsoN,=943.18) 5-14 | m/z=942.40(C5,HsoN,=943.18)
5-15 m/z=942.40(C-;HsoN,=943.18) 5-16 | m/z=942.40(Cy,HsoN,=943.18)
5-17 m/z=966.40(C-4HsoN,=967.20) 5-18 | m/z=966.40(Cs4HsoN,=967.20)
5-19 m/z=966.40(C-4HsoN,=967.20) 5-20 | m/z=966.40(Cy4HsoN,=967.20)
5-25 m/z=966.40(C-4HsoN,=967.20) 5-26 | m/z=956.41(Cy3Hs,N,=957.21)
5-27 m/z=1080.44(CgsHssN,=1081.35) | 5-28 | m/z=1078.43(CgsHsaN,=1079.33)
5-29 m/z=966.40(C-4HsoN,=967.20) 5-30 | m/z=966.40(Cs4HsoN,=967.20)
5-31 m/z=992.41(C7sHs2N,=993.24) 5-32 | m/z=1032.44(CssHssN,=1033.30)
5-33 m/z=1156.48(CgsHeoN,=1157.44) | 5-34 | m/z=1154.46(CgoHsgN,=1155.43)
5-35 m/z=966.40(C-4HsoN,=967.20) 5-36 | m/z=966.40(Cs4HsoN,=967.20)
5-37 m/z=840.35(Cg4HasN,=841.05) 5-38 | m/z=880.38(CesHasN,=881.11)
5-39 m/z=1004.41(C,,Hs,N,=1005.25) | 5-40 | m/z=1002.40(C,,HsoN,=1003.23)
5-41 m/z=866.37(CesHasN,=867.08) 5-42 | m/z=906.40(CgsHsoN,=907.15)
5-43 m/z=1030.43(CsgHsaN,=1031.29) | 5-44 | m/z=1028.41(C,oHs,N,=1029.27)
6-1 m/z=714.30(Cs4H2sN,=714.89) 6-2 m/z=764.32(CssHaoN,=764.95)
6-3 m/z=764.32(CssHN,=764.95) 6-4 m/z=790.33(CsoH2:N,=790.99)
6-5 m/z=764.32(CssHaoN,=764.95) 6-6 m/z=814.33(Ce2H42N,=815.01)
6-7 m/z=814.33(Cs;Hs2N,=815.01) 6-8 m/z=840.35(Cs4HaaN,=841.05)
6-9 m/z=840.35(CgsH4aN,=841.05) 6-10 | m/z=840.35(Ce,HasN,=841.05)
6-11 m/z=916.38(C7oHssN,=917.14) 6-12 | m/z=916.38(CsoHssN,=917.14)
6-13 m/z=942.40(C-,HsoN,=943.18) 6-14 | m/z=942.40(C;,HsoN,=943.18)
6-15 m/z=942.40(C7;HsoN,=943.18) 6-16 | m/z=942.40(Cs,HsoN,=943.18)
6-17 m/z=966.40(C-4HsoN,=967.20) 6-18 | m/z=966.40(Cs4HsoN,=967.20)
6-19 m/z=966.40(C4HsoN,=967.20) 6-20 | m/z=966.40(Cs4HsoN,=967.20)
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[325] 6-21 m/z=966.40(C-4HsoN,=967.20) 6-22 | m/z=956.41(C;3Hs,N,=957.21)
6-23 m/z=1080.44(CgsHssN,=1081.35) | 6-24 | m/z=1078.43(Ca3Hs4N,=1079.33)
6-25 m/z=966.40(C-4HsoN,=967.20) 6-26 | m/z=966.40(Cs4HsoN,=967.20)
6-27 m/z=992.41(CsHs;N,=993.24) 6-28 | m/z=1032.44(C7oHssN,=1033.30)
6-29 m/z=1156.48(CgsHeoN>=1157.44) | 6-30 | m/z=1154.46(CgoHssN,=1155.43)
6-31 m/z=966.40(C-4HsoN,=967.20) 6-32 | m/z=966.40(Cs4HsoN,=967.20)
6-33 m/z=840.35(Ce4H4sN,=841.05) 6-34 | m/z=880.38(CesHssN,=881.11)
6-35 m/z=1004.41(C5Hs,N,=1005.25) | 6-36 | m/z=1002.40(C5,HsoN,=1003.23)
6-37 m/z=866.37(CosHusN,=867.08) 6-38 | m/z=906.40(CgsHsoN,=907.15)
6-39 m/z=1030.43(CsgHssN,=1031.29) | 6-40 | m/z=1028.41(C,oHs,N,=1029.27)
7-1 m/z=714.30(Cs4H35N,=714.89) 7-2 m/z=764.32(CssHaoN,=764.95)
7-3 m/z=764.32(CssHN,=764.95) 7-4 m/z=790.33(CsoH2:N,=790.99)
7-5 m/z=764.32(CssHN,=764.95) 7-6 m/z=814.33(Cs;H,N,=815.01)
7-7 m/z=814.33(Co2H42N,=815.01) 7-8 m/z=840.35(Ce4H4sN,=841.05)
7-9 m/z=840.35(Cg4HsN,=841.05) 7-10 | m/z=840.35(Cs4HsN,=841.05)
7-11 m/z=916.38(CoH4sN,=917.14) 7-12 | m/z=916.38(C7oH4sN,=917.14)
7-13 m/z=942.40(C-;HsoN,=943.18) 7-14 | m/z=942.40(C;,HsoN,=943.18)
7-15 m/z=942.40(C-,HsoN,=943.18) 7-16 | m/z=942.40(C;,HsoN,=943.18)
7-17 m/z=966.40(C-4HsoN,=967.20) 7-18 | m/z=966.40(C;4HsoN,=967.20)
7-19 m/z=966.40(C-4HsoN,=967.20) 7-20 | m/z=966.40(C;4HsoN,=967.20)
7-21 m/z=966.40(C-4HsoN,=967.20) 7-22 | m/z=956.41(C73Hs;N,=957.21)
7-23 m/z=1080.44(Cg3HssN,=1081.35) | 7-24 | m/z=1078.43(Cg3Hs4N,=1079.33)
7-25 m/z=966.40(C-4HsoN,=967.20) 7-26 | m/z=966.40(C74HsoN,=967.20)
7-27 m/z=992.41(C-Hs;N,=993.24) 7-28 | m/z=1032.44(C7sHssN,=1033.30)
7-29 m/z=1156.48(CgsHeoN,=1157.44) | 7-30 | m/z=1154.46(CgoHssN,=1155.43)
7-31 m/z=966.40(C-4HsoN,=967.20) 7-32 | m/z=966.40(C;4HsoN,=967.20)
7-33 m/z=840.35(CgsH4aN,=841.05) 7-34 | m/z=880.38(Cs;H2sN,=881.11)
7-35 m/z=1004.41(C7Hs,N,=1005.25) | 7-36 | m/z=1002.40(C7HsoN;=1003.23)
7-37 m/z=866.37(CosHasN,=867.08) 7-38 | m/z=906.40(CsoHsoN,=907.15)
7-39 m/z=1030.43(CssHssN,=1031.29) | 7-40 | m/z=1028.41(C7Hs,N,=1029.27)

[326
[327
[328
[329

—t e e

o e 2 e 0 I =

[EAd 11 22771 A7] H‘%’\Z}(Xé TTED)

2o sS4 s = 2R AREske] A S R ol whet
TG A AEEE AT |A, 771 718l G| ITOS (% =) Aol Nt
-(naphthalen-2-y1)-N*N*-bis(4-(naphthalen-2-yl(phenyl)amino)phenyl)-N'-phenylbenz
ene-1,4-diamine (©] 8} "2-TNATA"Z 7] $H& 60nm +7 & %] &5 215} o]

HZF =S B A T A}y AT = Aol B whd o] 33HE 1-332 60nm
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[336]
[337]
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) 2 £33 81 30nm A2 A FFAste] HadES AT o] o] A,
7] 35 gl
(1,1°-8] 2291 d)-4-& 7] 0] 1) H] 2= (21| | -8- 7] 35 & & ] o] o) &7 1]
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[AA]d 2] WA [AA o 551 2AR7 A7 R FEAHA T TS T

AEFEsST AR B0y o 3155 1-33 thal 817] 3 40 71419 B2y o)
3}eHE 1-34 WA 1-40, 2-33 W A 2-40, 3-33 W #] 3-40, 4-33 W A 4-39, 5-33 W] #]
5-40, 6-33 W =] 6-40, 7-33 W A] 7-40& AH-8-3F & A @) star= A A o 13}
TUs o R U A7 LG AAE A2 sl o

°
Ot

}

al
KeN
=

o o\

X



54

WO 2015/072729 PCT/KR2014/010821
A 2} T
[342] <H] 7 8}3H& C>
[343]
@N O @
i!'b N ‘Qi"
[344] Al 1 WA DAL el 55, v aLe] 1 WA B]alef] 30 o] 3f] Az

[345]

=

R E N BEEE EUEREE
I(photoresearch)A}2] PR-650.2. % 7] ¥F3H(EL) 542 =43
2 5000cd/in 7] F A B ARo] 91 oAbl A A28 S 258
1 T955 & =459 o u:] =4 A= 6ty T 49} 2},

N,

rhe
s
=
N, R
1m5£

o
>
N

.t
of i

olt

o o
T
—_ _11
o

kKl
Lol



55

WO 2015/072729 PCT/KR2014/010821
[346] S5 Voltage | Current Density | Brightness Efficiency Lifetime CIE
e W) (mA/am) (cd/m?) (cd/A) T(95) xy)
Hlw ol (1) HIWSSHE A 54 217 5000.0 230 68.7 (031, 0.60)
H| W 0f|(2) HuststE B 51 152 5000.0 329 877 (0.31,0.61)
Hlwa(3) HustetE C 46 132 5000.0 38.0 101.2 (0.31, 0.60)
ALAO(L) HeHE(1-33) 4.0 121 5000.0 415 1341 (0.30, 0.60)
AAA(2) Stet=(1-34) 43 110 5000.0 453 1435 (031, 0.61)
AAIN(3) Stet=E(1-35) 44 10.6 5000.0 47.2 140.9 (031, 0.60)
AAO(4) 315HE(1-36) 43 107 5000.0 46.5 107.4 (0.33,0.61)
AA[O(5) setE(1-37) 41 10.8 5000.0 46.2 142.0 (0.32,0.61)
AAO(6) Stet=(1-38) 4.5 115 5000.0 434 1333 (033, 0.60)
A7) 3tetE(1-39) 41 10.8 5000.0 46.5 1217 (0.32,0.61)
AA[0(8) 2t E(1-40) 43 114 5000.0 437 131.8 (031, 0.60)
AA(9) tet=2-33) 43 104 5000.0 48.2 124.6 (031, 0.61)
AA0(10) StelE2-34) 4.2 116 5000.0 430 917 (031, 0.60)
AAlOI(1D) 3sHE(2-35) 44 119 5000.0 420 128.0 (0.33,0.61)
AA0(12) Stet=(2-36) 43 10.6 5000.0 47.3 147.8 (0.32,0.61)
AA0(13) StetE2-37) 4.2 113 5000.0 442 127.5 (0.33,0.60)
AlLA0(14) 15HE(2-38) 44 102 5000.0 489 108.6 (0.32,0.61)
AA|0](15) tet=2-39) 42 123 5000.0 40.7 1385 (031, 0.60)
AAl0(16) Stet=E(2-40) 44 110 5000.0 45.5 133.0 (031, 0.61)
AA0(17) 315HE(3-33) 4.2 115 5000.0 43.6 148.2 (031, 0.60)
AlA|0(18) Stet=(-34) 41 103 5000.0 48.5 120.2 (0.33,0.61)
AA0(19) Stet=(3-35) 44 101 5000.0 494 1229 (0.32,0.61)
AAI020) 3tetE(3-36) 4.0 122 5000.0 411 1319 (0.33,0.60)
AHAlQIRD 2eEE6-37) 45 113 5000.0 441 1133 (0.31,0.61)
AAI0122) tet=(3-38) 43 111 5000.0 449 96.0 (031, 0.60)
AAI23) tet=E(3-39) 43 112 5000.0 44.5 1174 (0.33,0.61)
AAI0124) 315HE(3-40) 41 101 5000.0 493 1455 (0.32,0.61)
AA01(25) stet=4-33) 41 120 5000.0 41.7 130.0 (031, 0.60)
AAl026) 3tetE@-34) 44 125 5000.0 40.1 101.5 (0.33,0.61)
AAIOIQ27) }5HE(4-35) 45 101 5000.0 49.3 123.6 (030, 0.60)
AAI01(28) stet=4-36) 41 124 5000.0 40.3 118.0 (031, 0.61)
AAI0129) stet=E@d-37) 4.3 10.8 5000.0 46.4 113.8 (031, 0.60)
AA0(30) 315HE4-38) 4.0 119 5000.0 420 141.6 (0.33,0.61)
AAI0I(3D) stet=4-39) 4.5 105 5000.0 47.6 106.4 (0.32,0.61)
AAI01(32) Stet=(5-33) 43 101 5000.0 49.6 100.8 (0.33,0.61)
AAI0(33) 3tetE(5-34) 4.2 118 5000.0 423 107.0 (030, 0.60)
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[347] AAlGIGY | 3EE6-35) 40 104 5000.0 483 119.3 (0.31, 0.61)
AAI9(35) otelE(5-36) 45 124 5000.0 40.2 1342 (0.31, 0.60)
AAlGEe) | FEeE-37) 40 102 5000.0 492 1199 (0.33,0.61)
AANAGET) | #EeE-38) 43 118 5000.0 423 142.6 (0.32,0.61)
AA938) 313t 2(5-39) 41 107 5000.0 46.6 95.5 (0.33, 0.60)
AR | #EeE-40) 41 108 5000.0 46.2 1126 (0.32,0.61)
AA@E0) | E=E6-33) 44 109 5000.0 45.7 1200 (0.31, 0.60)
AAlolEaD | 3EE6-34) 42 101 5000.0 494 144.3 (0.33,0.61)
MAlo@2) | 3EE6-35) 42 108 5000.0 46.5 126.6 (0.32,0.61)
AAlo@3) | FEt=6-36) 45 117 5000.0 49 1387 (0.33, 0.60)
HAl@s) | seeeE-37) 42 118 5000.0 422 1136 (0.32,0.61)
MAlG@E5) | &EtEE-38) 45 106 5000.0 471 106.1 (0.31, 0.60)
AAloj@ae) | Et=6-39 43 118 5000.0 423 1459 (0.31,0.61)
@7 | see6-40 44 106 5000.0 47.1 1154 (0.31, 0.60)
AAlof@8) | 3eEF-33) 44 109 5000.0 457 1334 (0.33,0.61)
AAlolE49) | BBEF-34) 40 111 5000.0 450 1207 (0.32,0.61)
AAG0) | #EEF-35 42 105 5000.0 477 1413 (0.33,0.61)
AAlGD | sEter-36) 42 116 5000.0 432 109.3 (0.30, 0.60)
AAl2) | #Eer-37) 43 108 5000.0 46.3 1206 (0.33,0.61)
AAG3) | sEer-38) 42 114 5000.0 437 1417 (0.30, 0.60)
MAlo4) | sEer-39 40 122 5000.0 410 1208 (0.31,0.61)
MAII(SS) | EE(T-40) 42 122 5000.0 410 1032 (0.31, 0.60)
[348]
(349]  AV] ¥ 4o ATRRE & o], Bl HHEe 4T FEE
A TR ALEST F7 A7 G A= v E g E A WA B E CE
BErss AR AR F7]1A7dg Aol v 8l g a o] P
o] A3 /WA E AT} Z, NPBS! B 3}3E A, o} 7] 7} para- ¢ X] o]l
o145 A8 & ¥l(linear type)2] ¥ 13} g5 B, o} vl 7] 7} v] A

[350]

&

& ¥l (non-linear) & 12 ¥ 31 7k o] A ANyl Y vl o] 2 F

CH.t} o} 1717} H] M & & Bl (non-linear type)= 14 % 7hulE2] A A (N)ol)

87 (bulky) & X 871 7F A3 g o] shghEo] $-42 8 244 3
HERH AT

o}l 7] 7} 8] & & Ell(non-linear type)Z 14 ¥ & 7571 43 & Elj(linear

type) = A E AL 4R} 27 A o] A A o](conjugation length) 7} &ro}#] ¥

fij

o] 2 Qlaf W= 7o) Kloj x| a1 71> HOMO ol #] @83} =& T1 3L 7HA A
ok whebA] 222 HOMO ol W A g2 Q18] g 3o] ddF o= 423
FEE A =S T o ARE B2 s 588 G A dA Eo| W=

Wl A B2 4 A E o] B8 2 o] BEE o w Pk £,
FhubE o] ANl W7 (bulky) @ 571 S 5he] W 2E | BA 149
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o} 7 " & (packing density) & 3 A 3 ©]-5 X (hole mobility)7]- stol A aL, o] 2
olaf] vk o] A8} 77 ¥ (charge balance)S ©] Fo] & F o] gitH
Aoz Akt

[351]

[352]  [AAld 56] =R A7 EFEACLEFRES)

[353] g o ﬂ@i_ IR 2T AR ARGete] B2 Q1 Wi ol uhet
F71 7R AaAE A 2FsE ol oh WA, F 7] 712kl A4 E ITOS (=) )
2-TNATAE 60nm F7| 2 &2kl 4odse AT 5, 47
BETAT ol 4,4-9] 2= [N-(1-1HZ E)-N-#] o} | 2= 18] 9] (] 8} "NPD" =

]
4718 6o FAZ A FFAe ) 4F5EFE FAAAT )04, 7]
Z 2ol ¥k o] 313HE 1-12 20nm FA| 2 A F525ho]
WY 2SS AR o) F, 4] W EE o] CBPE BAER,
bis-(1-phenylisoquinolyl)iridium(I)acetylacetonate (©| &} "(piq).Ir(acac)" =
oF718hE =HE R &lo] 95:5 T #H| 2 =34 6}o] 30nm T 2 X 3525
e ARl ololA, 471w 4ol BAIGE 10nm A =
A7 AF AR Z el AlgsE 40nm
A= AgFAs] A5 E S JABGA o F, SRAS LD FE9
LiFE 0.2nm 77 & S-2sto] A5 S dAds8haL, o] o)A AlS 150nm 9]
T2 A0l &3S FAPoRM £ A7 A E A 250
[354]  [EA1d 571 RA] [ZA e 125] A EF7I AL FEA(EFEET)
[355] IR RET EEE LU e -1 Al 8hy] 350l v A E o
33t E 1-2 WA 1-10, 2-1 WA 2-10, 3-1 WA 3-10, 4-1 W #] 4-10, 5-1 WA 5-10,
6-1 W] 6-10, 7-1 A 7-10& AFE-3F & Al el sfati= A A o] 562 5 A7t
PR f7) Y g aAE AL,
[356] W] 3L 4]

i

3571 WBREZS FASHA B AS A9l saiz 4] A ol 563t BAD
Yoz 7107 E A S .

[358] [M] 2L 5]
[359] HFRET =HE2 L 0E] 3w 1-1 Al Y] v aEgte AE AR
ks

[360] [B] 24 6]
[361] WA Wz BA7 By ol 31315 1-] thal A7) B3 ekE BE A&
s

[362] Y] 2L <] 7]
[363] vy Z2 222 Hodky o] 313HE (-]
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[366] Voltage | Current Density | Brightness Efficiency Lifetime CIE
W) (mA/m) (cd/m?) (cd/A) T95) x,y)
H| 0l (4) 6.0 321 2500.0 7.8 76.1 (0.66,0.32)
H| Gi(5) 6.3 33.8 2500.0 74 88.7 (0.67,032)
H| 1 0l (6) 59 293 2500.0 85 83.8 (0.66,0.32)
H| W 0i(7) 6.6 24.8 2500.0 10.1 93.2 (0.66,0.33)
AA0|(56) 6.5 200 2500.0 12.5 1352 (0.65,0.32)
AA0|(57) 64 215 2500.0 11.6 110.8 (0.66,0.32)
AA0(58) 6.0 219 2500.0 11.4 1351 (0.66, 0.33)
AA(59) 6.0 22.8 2500.0 11.0 1419 (0.66, 0.32)
AA|04|(60) 6.3 19.6 2500.0 12.7 1393 (0.65,0.32)
AA0|(61) 6.2 234 2500.0 10.7 114.8 (0.66,0.32)
AA04|(62) 6.3 17.6 2500.0 14.2 148.0 (0.66, 0.32)
AA0|(63) 6.2 19.6 2500.0 12.8 1182 (0.67,032)
A 04|(64) 59 18.1 2500.0 13.8 118.8 (0.66, 0.32)
AA0|(65) 59 199 2500.0 12.6 99.3 (0.66,0.32)
A 04|(66) 6.1 218 2500.0 11.5 1213 (0.66, 0.33)
ALA0]|(67) 64 18.0 2500.0 13.9 1134 (0.66,0.32)
AA04|(68) 6.3 16.8 2500.0 14.9 1151 (0.65,0.32)
AA04|(69) 6.2 179 2500.0 13.9 116.8 (0.66,0.32)
AA|04(70) 6.1 241 2500.0 10.4 1351 (0.66,0.32)
A7) 64 18.5 2500.0 13.5 1189 (0.67,032)
AA0(72) 6.2 232 2500.0 10.8 102.1 (0.66,0.32)
AA04(73) 6.2 250 2500.0 10.0 102.7 (0.67,032)
AA(74) 6.2 249 2500.0 10.0 126.8 (0.66,0.32)
AAI(75) 6.0 22.6 2500.0 11.0 90.7 (0.66, 0.32)
AA0(76) 64 18.0 2500.0 13.9 1433 (0.66, 0.33)
AT 64 19.7 2500.0 12.7 101.1 (0.66,0.32)
AA0(78) 6.3 17.1 2500.0 14.6 1355 (0.65,0.32)
AA(79) 6.3 231 2500.0 10.8 1013 (0.66,0.32)
AA04|(80) 6.1 17.2 2500.0 14.6 1339 (0.66,0.32)
AA0(81) 6.1 244 2500.0 10.2 1244 (0.67,032)
AA0(82) 6.1 225 2500.0 11.1 1479 (0.66,0.32)
AA04(83) 64 19.6 2500.0 12.8 1202 (0.67,032)
AA04|(84) 6.2 199 2500.0 12.5 137.7 (0.66,0.32)
AA04|(85) 6.1 189 2500.0 13.2 140.8 (0.66,0.32)
AA04|(86) 64 179 2500.0 14.0 106.6 (0.66, 0.33)
AA0(87) 64 17.0 2500.0 147 95.4 (0.66, 0.32)
AA04|(88) 6.3 17.8 2500.0 14.1 1383 (0.65,0.32)
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[367] AAIOI(89) et =4-4) 64 229 2500.0 109 1334 (0.66, 0.32)
AAIGI(90) stet=4-5) 6.3 16.8 2500.0 14.8 104.4 0.66, 0.32)
AAIAIOD Sl2t=(4-6) 6.3 175 2500.0 143 119.7 0.67,0.32)
AAIG1(92) set=4-7) 64 217 2500.0 115 137.4 0.66, 0.32)
A AIG(93) et =4-8) 6.2 19.7 2500.0 12.7 109.0 0.67,0.32)
AAIG(94) set=4-9) 6.0 202 2500.0 124 137.6 0.66, 0.32)
A AIG(95) stetE4-10) 64 219 2500.0 114 106.1 0.67,0.32)
A A|G1(96) stetE(5-1) 6.1 239 2500.0 10.5 144.9 0.66, 0.32)
AAIGI(97) set=(5-2) 6.1 222 2500.0 113 1341 (0.66, 0.33)
AAIGl1(98) SEtE(5-3) 6.1 249 2500.0 10.1 137.5 (0.65,0.32)
ALAIGl1(99) SlEtE(5-4) 6.0 235 2500.0 10.6 143.9 (0.66,0.32)
ALA]0§(100) sletE(5-5) 6.5 177 2500.0 14.1 124.5 (0.66, 0.33)
ALAJ0](101) sl5tE(5-6) 6.3 210 2500.0 119 1335 (0.66,0.32)
ALA04(102) SI8tE(5-7) 64 229 2500.0 10.9 90.2 (0.65,0.32)
ALA]04(103) 318t =(5-8) 6.2 230 2500.0 10.9 99.4 (0.66,0.32)
ALA]04(104) 318t =(5-9) 6.5 190 2500.0 13.2 112.0 (0.66,0.32)
ALAJ04(105) $18hE(5-10) 6.3 225 2500.0 111 1437 (0.67,0.32)
AA[0](106) SHetE(6-1) 6.0 20.2 2500.0 124 1247 (0.66,0.32)
AAI0(107) SHetE(6-2) 6.3 190 2500.0 131 99.8 (0.66,0.32)
AAI0](108) et E(6-3) 6.0 209 2500.0 12.0 1293 (0.66, 0.33)
AAI0](109) et E(6-4) 6.1 237 2500.0 10.6 128.8 (0.66, 0.32)
AAIG(110) 3tetE(6-5) 6.2 224 2500.0 111 138.7 (0.65,0.32)
AAI0(111) et E(6-6) 6.0 192 2500.0 13.0 1399 (0.66,0.32)
AA0(112) stetE(6-7) 6.1 219 2500.0 114 96.4 (0.66,0.32)
AAI0(113) et E(6-8) 64 18.6 2500.0 135 1309 (0.67,032)
AA0(114) 3tetE(6-9) 6.1 221 2500.0 113 1229 (0.66,0.32)
AAIG(115) 3t E(6-10) 6.5 223 2500.0 112 146.2 (0.67,032)
AAJ0](116) siet=(7-1) 6.0 230 2500.0 109 145.0 (0.66, 0.32)
AA0(117) set=(7-2) 6.1 179 2500.0 139 126.1 (0.66, 0.32)
AAJ0](118) stet=(7-3) 64 200 2500.0 125 143.9 0.66, 0.33)
AAL0](119) Set=(7-4) 6.0 241 2500.0 104 1115 0.66, 0.32)
AAL0](120) Set=(7-5) 6.5 185 2500.0 135 108.1 0.65,0.32)
AAL0](121) et =(7-6) 6.1 221 2500.0 113 148.2 0.66, 0.32)
AAJ04(122) stet=(7-7) 6.5 192 2500.0 13.0 134.8 0.66, 0.32)
AAJ04(123) stet=E(7-8) 6.0 227 2500.0 11.0 125.5 0.67,0.32)
AAJ0](124) SEt=E(7-9) 6.5 215 2500.0 11.6 149.0 0.66, 0.32)
ALAJ04(125) stetaE(7-10) 6.3 179 2500.0 14.0 121.2 0.67,0.32)
[368]
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[383] st Voltage | Current Density | Brightness Efficiency Lifetime CIE
e \% (mA/m’) (cd/m’) (cd/A) T(95) x,y)

H| W O(8) - 54 217 5000.0 23.0 68.7 (031, 0.60)

H| W 0{(9) HWsstE A 5.6 l64 5000.0 305 819 (030, 0.60)
H| W 0of[(10) HWstetE B 57 155 5000.0 323 89.3 (0.31,0.61)
Hlmol(11) HuslstE C 5.7 136 5000.0 36.8 919 (0.31, 0.60)
AA|0](126) stetE(1-1) 5.7 122 5000.0 41.0 126.5 (0.33,0.61)
AAI0(127) stEE(1-2) 5.6 106 5000.0 47.2 1350 (0.32,0.61)
AAL0](128) e E(1-3) 53 121 5000.0 413 91.7 (0.33,0.60)
AA0)(129) stetE(1-4) 54 108 5000.0 46.4 1352 (0.32,0.61)
AA|0f(130) st E(1-5) 5.5 103 5000.0 48.6 118.6 (0.32,0.61)
AAL0(131) et E(1-6) 54 118 5000.0 423 1003 (0.33, 0.60)
AA0)(132) stetE(1-7) 54 109 5000.0 45.8 1340 (0.32,0.61)
AAI0)(133) st E(1-8) 5.5 10.8 5000.0 46.2 103.7 (0.31, 0.60)
AAL0](134) 3 E(1-9) 5.7 117 5000.0 428 106.9 (031, 0.61)
AAI0)(135) stetE(1-10) 53 122 5000.0 40.9 1136 (0.31, 0.60)
AA|0](136) st E2-1) 5.6 109 5000.0 45.8 110.1 (0.33,0.61)
AHAIY(137) SHHE2-2) 5.6 109 5000.0 45.8 1222 (0.30, 0.60)
AA0)(138) stetE(2-3) 53 111 5000.0 452 1383 (0.31,0.61)
AAI0(139) St E(2-4) 53 111 5000.0 45.0 1033 (0.31, 0.60)
A0 (140) SheHE(2-5) 55 117 5000.0 42.7 1025 (0.33,0.61)
AA0f(141) stetE(2-6) 5.6 117 5000.0 42.6 1419 (0.32,0.61)
AA|0](142) S E((2-7) 5.5 109 5000.0 45.8 1195 (0.31, 0.60)
A Al01(143) SHeHE(2-8) 54 123 5000.0 40.7 1359 (0.31,0.61)
AA|0f(144) et E(2-9) 55 114 5000.0 43.8 110.2 (0.31, 0.60)
AA|0f(145) 3t E(2-10) 53 107 5000.0 46.5 1110 (0.33,0.61)
A0 (146) SHEHEG-1 5.6 106 5000.0 47.3 1410 (0.30, 0.60)
AA0)(147) st E(3-2) 5.7 103 5000.0 48.5 96.6 (0.31,0.61)
AA|0f(148) 3t E(3-3) 5.5 110 5000.0 45.3 1393 (0.31, 0.60)
A0 (149) SHeHE(3-4) 5.6 108 5000.0 46.5 1271 (0.33,0.61)
AA|0(150) stetE(3-5) 54 102 5000.0 48.8 126.5 (0.32,0.61)
AAI0(151) 3t E(3-6) 5.5 104 5000.0 48.3 1389 (0.33, 0.60)
AAY(152) SHHE(3-7) 5.6 125 5000.0 40.0 103.7 (0.32,0.61)
AA0(153) st E(3-8) 53 103 5000.0 48.8 108.9 (0.31, 0.60)
AAI0)(154) 3t E(3-9) 5.5 121 5000.0 41.2 1319 (0.31,0.61)
A A[0lI(155) 3tetE(3-10) 55 121 5000.0 41.3 99,5 (0.31, 0.60)
AAI0)(156) stetE4-1) 5.6 108 5000.0 46.5 104.6 (0.33,0.61)
AAI0(157) 3t E4-2) 5.7 117 5000.0 42.8 1410 (0.30, 0.60)
AA(158) SHetE(4-3) 54 122 5000.0 40.9 103.9 (0.31,0.61)
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[384] ALA|0](159) ottE(4-4) 54 12.1 5000.0 41.2 103.5 (0.31, 0.60)
ALA|OJ1(160) ot2tE(4-5) 5.6 113 5000.0 44 4 90.8 (0.33,0.61)
AlA|O(161) o}3HE(4-6) 5.7 11.6 5000.0 431 142.4 (0.32,0.61)
AlA|0J1(162) o= 4-7) 55 10.6 5000.0 474 1114 (0.31, 0.60)
ALA|0J1(163) o2tE(4-8) 5.6 11.1 5000.0 45.1 90.7 (0.31, 0.61)
AA|01(164) o2t=(4-9) 5.6 11.1 5000.0 45.2 118.5 (0.31, 0.60)
AA]0J1(165) SIEHE4-10) 54 115 5000.0 433 102.7 (0.33,0.61)
AA]0J1(166) o E(5-1) 5.6 10.5 5000.0 47.6 136.9 (0.30, 0.60)
AA0(167) o2 (5-2) 5.6 10.8 5000.0 46.4 131.2 (0.31, 0.61)
ALA|0J1(168) o= (5-3) 55 10.6 5000.0 469 127.3 (0.31, 0.60)
ALA]01(169) o}t E(5-4) 5.7 11.7 5000.0 429 127.0 (0.33,0.61)
ALAO1(170) o}HE(5-5) 5.6 12.0 5000.0 415 100.3 (0.32, 0.61)
AAO(171) o} =(5-6) 55 11.3 5000.0 441 111.8 (0.33, 0.60)
AA0(172) o}t =(5-7) 5.6 119 5000.0 42.0 120.0 (0.32, 0.61)
ALAION(173) o} =(5-8) 54 10.6 5000.0 47.1 104.2 (0.31, 0.60)
AAO(174) o}t =(5-9) 56 116 50000 430 140.0 (0.31, 0.61)
ALAIO1(175) SISHE(5-10) 57 11.8 50000 423 942 (0.31, 0.60)
AAl0f(176) StetE(6-1) 57 117 50000 427 121.8 (0.33,0.61)
AAON(177) Sl E(6-2) 5.6 116 50000 432 97.7 (0.30, 0.60)
AHAI0(178) SlHE(6-3) 5.6 124 50000 404 135.1 (0.31,0.61)
AA0(179) StehE(6-4) 5.6 115 50000 43.6 144.0 (0.31, 0.60)
ALA]G1(180) S}8HE(6-5) 55 105 50000 477 1229 (0.33,0.61)
AAIG)(181) S}5HE(6-6) 5.6 124 50000 404 125.2 (0.32,0.61)
ALAG]1(182) S}t E(6-7) 5.6 117 50000 42.6 931 (0.31, 0.60)
ALAG]1(183) S}8HE(6-8) 53 10.2 50000 489 136.5 (0.31,0.61)
ALAIGll(184) S}eHE(6-9) 54 10.6 50000 47.0 124.5 (0.31, 0.60)
ALA]G1(185) 3HE(6-10) 54 113 50000 444 1429 (0.33,0.61)
AL 0J1(186) oetE(/-1) 54 11.2 5000.0 445 1179 (0.30, 0.60)
ALAO1(187) otE(7-2) 55 119 5000.0 419 112.6 (0.31, 0.61)
ALAOJ1(188) ottE(7-3) 5.7 10.5 5000.0 47.6 120.3 (0.31, 0.60)
AL 01(189) o= (7-4) 54 11.3 5000.0 441 104.2 (0.33,0.61)
ALA0J1(190) o}3tE(7-5) 5.6 10.3 5000.0 484 138.5 (0.32,0.61)
ALAO1(191) o= (7-6) 55 11.8 5000.0 423 128.0 (0.33, 0.60)
AA01(192) oet=(7-7) 5.6 10.3 5000.0 48.5 1343 (0.32,0.61)
AA01(193) o} E(7-8) 5.7 10.6 5000.0 47.1 134.6 (0.31, 0.60)
AA]01(194) o2 (7-9) 55 104 5000.0 48.1 130.2 (0.31, 0.61)
ALA]0J1(195) 3I3HE(7-10) 54 10.6 5000.0 474 1444 (0.31, 0.60)
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[400] st Voltage | Current Density | Brightness Efficiency Lifetime CIE
W) (mA/m) (cd/m?) (cd/A) T95) x,y)
H| 1w 0]|(12) - 5.1 15.2 500.0 33 584 (0.15,0.16)
H| 1w 0fl(13) HuWsIstE A 54 122 500.0 41 86.0 (0.15,0.14)
H|w 0l(14) HusrstE B 52 114 500.0 44 87.1 (0.15,0.13)
H| W Of|(15) Hlusists C 54 102 500.0 49 85.2 (0.14,0.14)
A0 (196) shetE(1-1) 54 8.8 500.0 5.7 1213 (0.15,0.14)
AA0(197) 3etE(1-2) 54 7.6 500.0 6.6 130.7 (0.15,0.13)
AA|0(198) stetE(1-3) 5.1 8.0 500.0 6.2 148.8 (0.14,0.14)
AA0(199) setE(1-4) 5.0 9.3 500.0 54 106.5 (0.15,0.13)
AA|G(200) stetE(1-5) 54 7.5 500.0 6.7 1181 (0.14,0.14)
AA0(201) stetE(1-6) 5.2 84 500.0 6.0 136.7 (0.14,0.14)
AA0(202) 3tetE(1-7) 5.2 7.2 500.0 6.9 97.9 (0.14,0.14)
AA0(203) stetE(1-8) 5.1 7.7 500.0 6.5 1175 (0.15,0.13)
AA0(204) stetE(1-9) 5.3 7.8 500.0 64 127.7 (0.15,0.14)
AA0(205) 3t E(1-10) 5.0 8.6 500.0 5.8 92.5 (0.15,0.14)
AA|0(206) sEER-1) 53 7.8 500.0 64 1139 (0.15,0.13)
AA0(207) 3EE2-2) 5.3 9.3 500.0 54 1275 (0.14,0.14)
AAI0(208) 3 E2-3) 5.2 9.5 500.0 5.2 1475 (0.15,0.14)
AA0(209) 3EtE2-4) 5.1 8.7 500.0 5.7 95.6 (0.15,0.14)
AAG(210) shetE(2-5) 5.1 8.4 500.0 59 110.2 (0.14,0.14)
AAG(211) 5etE(2-6) 5.1 7.5 500.0 6.7 1474 (0.15,0.13)
AA0(212) setE2-7) 5.2 7.1 500.0 70 105.2 (0.15,0.16)
AAI0(213) sletE(2-8) 5.0 9.3 500.0 54 1340 (0.15,0.14)
AAIG(214) SIetE(2-9) 5.2 7.5 500.0 6.7 109.9 (0.15,0.13)
AAIG(215) 318 E(2-10) 5.2 8.1 500.0 6.2 1235 (0.14,0.14)
AAl0](216) SHEG-D 53 77 500.0 6.5 98.3 (0.15,0.14)
AHAIG(217) SHEtEG-2) 53 8.5 500.0 59 108.6 (0.15,0.13)
AAI0](218) SHetE(3-3) 5.0 9.6 500.0 5.2 96.0 (0.14,0.14)
AA0(219) 3etE(3-4) 5.1 7.3 500.0 69 1490 (0.14,0.14)
AA0(220) 3tetE(3-5) 5.1 9.7 500.0 5.2 1190 (0.15,0.13)
AA0(221) 3tetE(3-6) 54 83 500.0 6.0 1338 (0.15,0.14)
AA0(222) 3etE(3-7) 5.2 9.8 500.0 5.1 1389 (0.14,0.14)
AA0(223) 3etE(3-8) 53 9.0 500.0 55 106.0 (0.15,0.13)
AA0(224) 3etE(3-9) 5.1 79 500.0 64 108.0 (0.14,0.14)
AA0(225) 3+t E(3-10) 53 7.7 500.0 6.5 100.1 (0.15,0.14)

AAJ0](226) siet=@-1) 51 7.2 500.0 7.0 138.2 0.14,0.14

AA0(227) set=4-2) 50 9.5 500.0 53 1347 0.15,0.14

AAole28) | srete@-3) 51 7.7 500.0 6.5 113.0 (0.15, 0.16)
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[401] Al A 61(229) 35t E4-4) 53 8.8 500.0 57 139.2 (0.14, 0.14)
ALAIGl1(230) 515t E(4-5) 53 7.6 500.0 6.6 1374 (0.14, 0.14)
AAIO(231) 3l8hE(4-6) 53 99 500.0 50 137.7 (0.15, 0.14)
A A|G(232) sttt E4-7) 54 7.7 500.0 6.5 116.5 (0.15, 0.13)
ALAG1(233) 515t E(4-8) 52 73 500.0 69 1340 (0.15, 0.16)
AAIO}(234) 3l8hE(4-9) 52 9.7 500.0 52 113.7 (0.15, 0.14)
Al A Gl1(235) Sl E4-10) 53 8.3 500.0 6.1 132.5 (0.15, 0.13)
ALAlGll(236) S5 E(5-1) 54 99 500.0 51 989 (0.14, 0.14)
AAI0(237) 3lehE(5-2) 50 92 500.0 54 1170 (0.15, 0.14)
AlA|Gl1(238) SI3E(5-3) 54 79 500.0 63 949 (0.15, 0.13)
AHA01(239) sl E(5-4) 53 94 500.0 53 109.8 (0.14, 0.14)
ALA]0f(240) 3l8hE(5-5) 54 8.4 500.0 59 96.5 (0.15, 0.13)
A Al G(241) st =(5-6) 5.1 95 500.0 52 124.2 (0.14, 0.14)
A A0(242) et E(5-7) 5.1 9.8 500.0 51 1185 (0.14, 0.14)
ALAI0}(243) 3l8hE(5-8) 52 93 500.0 54 1054 (0.14, 0.14)
AA| Gl (244) 313 E(5-9) 53 93 500.0 54 122.7 (0.15, 0.13)
A A|0](245) 3}5tE(5-10) 53 91 500.0 55 1229 (0.15, 0.14)
ALA|0f|(246) 3lehE(6-1) 53 7.5 500.0 6.7 90.0 (0.15, 0.14)
AA|G1(247) 313 E(6-2) 5.0 9.2 500.0 54 95.0 (0.15, 0.13)
A A0](248) SletE(6-3) 53 7.2 500.0 70 112.4 (0.14, 0.14)
ALA0](249) 3lehE(6-4) 53 7.6 500.0 6.6 147.6 (0.15, 0.14)
AA| Gl1(250) 315 E(6-5) 50 7.7 500.0 6.5 118.0 (0.15, 0.14)
AHA0251) |3t E(6-6) 5.1 74 500.0 6.7 101.3 (0.14, 0.14)
AAI0}(252) 3l8hE(6-7) 5.1 7.8 500.0 64 139.0 (0.15, 0.13)
ALA|Gl1(253) 315 E(6-8) 51 74 500.0 6.7 111.6 (0.15, 0.16)
AHA01(254) I3t E(6-9) 52 9.6 500.0 52 130.5 (0.15, 0.14)
ALAOf|(255) 3= (6-10) 52 93 500.0 54 128.6 (0.15, 0.13)
AlA|Gll(256) 3B E(7-1) 52 9.8 500.0 51 9.1 (0.14, 0.14)
AHA01257) et E(7-2) 52 7.2 500.0 69 104.3 (0.15, 0.14)
ALA0}(258) 3IehE(7-3) 53 74 500.0 6.8 147.0 (0.15, 0.13)
AAO(259) SIS E(7-4) 53 8.2 500.0 6.1 148.6 (0.14, 0.14)
A A|0](260) It E(7-5) 52 8.7 500.0 58 923 (0.14, 0.14)
AAIOf(261) 3l8hE(7-6) 5.1 8.4 500.0 6.0 1119 (0.15, 0.13)
AA0(262) S5t E(7-7) 52 99 500.0 51 1339 (0.15, 0.14)
A A0](263) I3t E(7-8) 53 7.8 500.0 64 105.6 (0.14, 0.14)
ALAOf|(264) 3I8hE(7-9) 5.1 8.0 500.0 6.2 1194 (0.15, 0.13)
Al A Gll(265) St E(7-10) 53 8.1 500.0 6.2 1355 (0.14, 0.14)

[402]

[403] A7 S 6,379 AREEEH & 9o, B dg o 33 E&

W B 250 AR 2 ARE S f-7] A 783 A 2= 8] kol 4 W] <] H]ae] 159]
F71 A 7183g 2o v g g & 2 =g o] ¢l #]3] A AT
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[404]

[405]

[406]
[407]
[408]

o= A Aol 19] % 4ol A AW 5t3lzo] okl 7] 7F vl A & & B (non-linear
type) = 1A E o] 2 & HOMO oA A &3} 38 T1 k& 7HA A Ha o] &

Nl o] FF o R D/ FFHH A AAE ERA e vHE
Gl 58 B ol = 9_;% ey = ThukE el AENe
H 7] (bulky)$t 2371 & E])5te] W3R 25 U =2 7Fe] 3 7] *E X (packing

density)E S A & 0|5 % (hole mob111ty)7]' vol Rl o, o] & Q1 &) HE3 1 ¢
718t 7 % (charge balance)& ©] 7= 215 8ol WbEo] Af# o= 3 &
g g o] A A S TAE Ao -&D}E]E}

o]/\]—/] /\413:]94 H ol o oﬂ

R REEEREL PR R P R Rl
bz 7] e Rokel 4 BAhe] X4 7hH = Aebd B g o] B4l

S Ao A Mlof b o= W ele] M TheFat W go] His @ Hlolch w2
A Aol AR A E L B g e @ eky] 919 glo] ohue e
913k Alo)ar, o) el @ Aol o] o] she] B vk o] A 917k S = AL
ohuirh 1 wrre] B a9l ohule] A7 Aol ol sto] a4 5l ofof shrd, 19}
FEEH ] el Qi BE )% el Ao slel £3shs Aow

sl 5 o of & o]},

[CROSS-REFERENCE TO RELATED APPLICATION]

EE5]EU-22013d 1€ 14Y 0] 2948 B9
A110-2013-01380355 ) thall 1] = 53]} 119(a)% (35 U.S.C § 119(a))°ll whet
SAHE FAY, 1 RE YR AR o H EFEYo] W)
ol-5¢], & 53|52 1= o] &lo) Z7toll e M 5 ot FA o /&

A At I s W2 Fadd o £ 53 et
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