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olst, ko] ol B %71 f13te] TAH L WA & AN S, 5]
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[154]
[155]
[156]

[157]
[158]

[159]

[160]

[161]
[162]

[163]

[164]

Aoz B W & o Al sk A BB kg o] WH 9 7L 8] A Al del] g E =
Z-& o}t

38t 119 &4

Z7HAN e A4

Q)
- “ .O . ﬁ”i 0 >
OO BOH, ———— O O O E— O O O

[I1-19] $4d]

St uFE & 2F 2~ A 9] triphenylen-2-ylboronic acid 8.4g,
2,8-dibromodibenzo[b,d]furan 10.0g-= & 52l 280mlel % ©] 3l K,CO,(2M) 46ml 2}
Pd(PPhy), 1.1g& €& % 37 wdsglth TLCE ¥H&-S glsta 55 H7F &
HhES SAAZAT §715S MCE FE3aL 7§to] ihgt & A4 g sto] F11A
11-18.1g (& 56%)5 LAt

(119 A

*J7] & ZFA| 11-1 8.1g, bis(pinacolato)diboron 5.6g, Pd(dppf)Cl, 0.06g, KOAc
5.04g-S 1,4-Dioxane 200mlel] =<1 ¥ & Rk} Th TLCE W3-8 €2l sfal
F71%5& MCFE3taL A A Alsto] 1A 11 7.0g (58 79%)E DA

F2A129] T4

4!‘!i» B(OH),

12-1
A7 E= 2004 11-1 211 A 9 & v 0 2 2 8-dibromodibenzo[b,d]furan T2
4,6-dibromodibenzo[b,d]furans ©]-&3to] FZHA 28 A 8 A Th(5& 50%)
Z7HA139 T4
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[168]
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[171]

[172]
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[174]

[175]
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134
[13-19] 4]
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4 4
0 3%,
oy —
" 13

13-2

50

Tt eE 2k 2 A of] 2-bromotriphenylene 15.0g, dibenzo[b,d]furan-4-ylboronic
acid 10.5g-2 &<l 380mlol 9] i K,CO5(2M) 75ml2} Pd(PPhy), 1.7g2 Y& &
Sh agksl itk TLCE kg5 elstar 28 H7F 5 vhg-& A Z .
F71%5S MCE &3 Zotol ket T A A A ] S04 13-1 15.2g (78

66%)Z AT
[13-29] §H4]

371 F A 13-1 15.0g2 DMF 150ml1¢l] +¢1 3 DMF 70mlell
S
2]

N-Bromosuccinimide 7.5g =5 <! 842 %131 3]

7Fstat 16 A1 (F kel T,

TLCE W82 Helshn 3742 4 &sta A dgstel $17 132 13.5¢ (58

75%)E At
[13] 9+4]

371 &34 11-1 13.5g, bis(pinacolato)diboron 9.4g, Pd(dppf)Cl, 0.1g, KOAc
B ks itk TLCE 8hg-& 2l star

8.4g-5 1,4-Dioxane 350mll] =<1 &

7158 MCFZ3HaL A A sl 5304 13 10.8g (78 73%)E E ATt

Z7HA149 FA

oo OF 10
= O R h

44

142 14

71 F A 13-1 WA 13 344 9 -2 WH © 2 2-bromotriphenylene T 21

2-chloro-4,6-diphenyl-1,3,5-triazine
47%)
ZA15¢ FA

[e)

=

°]-&

she] FhA 142 B ATh (R
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[176] O
D.O 0\B>§L

Ba®

I5
[177] A7 S A 11-1 2 1134 3 -2 HE © 2 2 8-dibromodibenzo[b,d]furan THA1
2,8-dibromodibenzo[b,d]thiophene-2- ©]-&5Fo] F kA 155 A 8} Th.(55 53%)
[178]  FHAT169 4
[179]

[180] A7 S04 11-1 D 113 3 e W © 2 2 8 dibromodibenzo[b,d]furan tH 4]
4,6-dibromodibenzo[b,d]thiophene-2- ©] -85} F kA 165 4 3} Th.(55 48%)
[181] Z7HA179] A4

[182] Q

17 °7€<

[183] 71 F A 13-1 WA 13 344 9 & W H © 2 dibenzo[b,d]furan-4-ylboronic
acid 4] dibenzo[b,d]thiophen-4-ylboronic acid & ©]-83}o] F A 17+
FAsATH(FE 51%)

[184]  FHAIBSY 4
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[185]

Q\{‘/N
S
-0
IB—O
18 °7€<

[186] A7 FZHA 13-1 WA 13 3140 7 22 W © = 2-bromotriphenylene 2
dibenzo[b,d]furan-4-ylboronic acid T4l 2-chloro-4,6-diphenyl-1,3,5-triazine 2
dibenzol[b,d]thiophen-4-ylboronic acid & ©|-&3}] F7HA 18- A ot th.(+&

45%)
[187]
[188]  [334] 119 §4
[189] 33HE 11
|

[190 O Q
Qa0
el
O
[191] T utE =gk~ 0l 4371 F7EA) 11 5.0g, 2-chloro-4,6-diphenyl-1,3,5-triazine
2.8gS & 74l 120mlell lDo] Il K,CO5(2M) 15m12} Pd(PPh;), 0.33gS ¥ & & H57
WHEA T TLCE HE-g-& 21813l 28 HA7F F HEgS T AA A f7]5 &
MCE FE3tal 7k 7 gt = Al a4 ste] 313E 1-14.0g (& 67%) 5 LA
[192] m/z: 625.22 (100.0%), 626.22 (49.0%), 627.22 (12.3%), 628.23 (1.8%), 626.21
(1.1%)

[193]
[194] 313E 1-2

[195] OOO Q

[196] A7 &3HE 1-13) Z;L% HWHH O = 2-chloro-4,6-diphenyl-1,3,5-triazine T 4]
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[197
[198
[199
[200

— e e

[201]

[202
[203
[204
[205

—t e e

[206]
[207]
[208]

[209]
[210]

[211]

[212]

4-chloro-2,6-diphenylpyrimidine& ©|-& 3} 33H& 125 A8 A Th(F8 62%)
m/z: 624.22 (100.0%), 625.22 (50.5%), 626.23 (12.3%), 627.23 (2.1%)

33 E 1-3

7] &3HE 113 22 W S = 2-chloro-4,6-diphenyl-1,3,5-triazine T 4]
2-chloro-4,6-diphenylpyrimidine& ©]-&3}o] 3}¢t& 1-3& 43 A TH(F5 65%)
m/z: 624.22 (100.0%), 625.22 (50.5%), 626.23 (12.3%), 627.23 (2.1%)

313 E 1-4

A7 e 1-13 g2 o 2 A 11 A T RE o] §-81] 3 E
1-45 43S o (& 59%)

m/z: 625.22 (100.0%), 626.22 (49.0%), 627.22 (12.3%), 628.23 (1.8%), 626.21
(1.1%)

338 1-59] A

71 3= 11 g2 e R kAN 3
2-chloro-4,6-diphenyl-1,3,5-triazine ™2 F-{HA 12 2
4-chloro-2,6-diphenylpyrimidine& ©|-& 3} 33H& 1-55 A8 A Th(F8 63%)

m/z: 624.22 (100.0%), 625.22 (50.5%), 626.23 (12.3%), 627.23 (2.1%)
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[213]

[214] 3= 1-69 FA4

[215]

[216] 7] = -1 A2 WHoE SN
2-chloro-4,6-diphenyl-1,3,5-triazine ™2 F-{HA 12 2
2-chloro-4,6-diphenylpyrimidine <= ©|-&3t] 3}3t= 1-62 T4 3R (78 60%)

[217] m/z: 624.22 (100.0%), 625.22 (50.5%), 626.23 (12.3%), 627.23 (2.1%)

[218]

2191 &= 17

[220]

[221] A7) e 117 FevhH o 2 =704 11 Al =714 13E o] £3589 313 E
1-78 A 8 T (& 64%)
[222] m/z: 625.22 (100.0%), 626.22 (49.0%), 627.22 (12.3%), 628.23 (1.8%), 626.21

(1.1%)

[223]

[224] SI3E 1-8
[225]

[226] 71 st E 119 22 W o 2 S HA| 11 2 2-bromotriphenylene T Al = JFA]
14 2 2-chloro-4,6-diphenyl-1,3,5-triazine & ©]-&3}o] 3}3=1-8<

ST (& 60%)

[227] m/z: 625.22 (100.0%), 626.22 (49.0%), 627.22 (12.3%), 628.23 (1.8%), 626.21
(1.1%)

[228]
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[229]
[230]

[231]
[232]
[233]

[234]
[235]

[236]

[237]

[238]
[239]
[240]

[241]

[242]

3}3HE 19

P 9,
O S

&7 e - 1JJr gedyor SAA I A FHA 155 o)&ste] 33t E
1-9= A48 A Th.(-8 60%)

m/z: 641.19 (100.0%), 642.20 (49.0%), 643.20 (12.1%), 643.19 (5.1%), 644.19
(2.3%), 644.20 (2.0%), 642.19 (1.9%)

0‘ Q
OO

A}7] 3eE - 1JJF e v o g =714 11 2
2-chloro-4,6-diphenyl-1,3,5-triazine ™2 F- A 15 2
4-chloro-2,6-diphenylpyrimidine& ©|-& 38} 33H& 1-10= A A th (&
65%)

m/z: 640.20 (100.0%), 641.20 (50.9%), 642.20 (12.9%), 642.19 (4.5%), 643.20
(2.5%), 643.21 (2.0%)

Ay7] 81k E -1 g vk o 2 =71A 11 2
2-chloro-4,6-diphenyl-1,3,5-triazine ™2 F- A 15 2
2-chloro-4,6-diphenylpyrimidine& ©|-& 38} 33t& 1-11= A A Th (&
62%)

m/z: 640.20 (100.0%), 641.20 (50.9%), 642.20 (12.9%), 642.19 (4.5%), 643.20
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[243]
[244]
[245]

[246]
[247]
[248]

[249]
[250]

[251]

[252]
[253]

[254]
[255]

[256]

(2.5%), 643.21 (2.0%)

3FE1-12
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A7 & gE 113 g2 Hoe
1-125 A8 (& 65%)

=

=)

2HA) 11 T Al S71A) 162 o] £510] 33 &=

m/z: 641.19 (100.0%), 642.20 (49.0%), 643.20 (12.1%), 643.19 (5.1%), 644.19

(2.3%), 644.20 (2.0%), 642.19 (1.9%)

3}EE1-13

371 SRtE 119 g2 o FA 11 R
2-chloro-4,6-diphenyl-1,3,5-triazine T2 5 7FA] 16 2
4-chloro-2,6-diphenylpyrimidine2- ©]-&3}o] 33t & 1-13-8 A I th. (&

60%)

m/z: 640.20 (100.0%), 641.20 (50.9%), 642.20 (12.9%), 642.19 (4.5%), 643.20

(2.5%), 643.21 (2.0%)

3}FE1-14

=i

PZaN
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[257]

[258]
[259]
[260]

[261]

[262
[263
[264
[265

—t e e

[266]

[272]
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2-chloro-4,6-diphenyl-1,3,5-triazine ™2 F-3HA] 16 2
2-chloro-4,6-diphenylpyrimidine& ©|-& 3} 33t& 1-145 A Atk (&
62%)

m/z: 640.20 (100.0%), 641.20 (50.9%), 642.20 (12.9%), 642.19 (4.5%), 643.20
(2.5%), 643.21 (2.0%)

3= 1-15

471 8 113 A2 R o2 S 1Lt A 17E o) &8tk B eh=
1-155 34 H’iv}.(?ﬂ% 65%)
2.4-diphenyl-6-(6-(triphenylen-2-yl)dibenzo[b,d]thiophen-2-yl1)-1,3,5-triazine

3}FE1-16

A7 &3E 113 22 H o 2 F7HA 11 2 2-bromotriphenylene T2 F 3k
8‘:” 2-chloro-4,6-diphenyl-1,3,5-triazine 2 ©] 83} &3t &= 1-162
ARt (7 8 66%)

m/z: 641.19 (100.0%), 642.20 (49.0%), 643.20 (12.1%), 643.19 (5.1%), 644.19
(2.3%), 644.20 (2.0%), 642.19 (1.9%)

(3}t 219 A
3} E 2-1

v

|
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[273
[274
[275
[276

[277]

[278
[279
[280
[281

—t e e

[282]

[283]
[284]
[285]

3.21g, t-BuONa 2.96g, Pd,(dba); 0.75g, (t-Bu);P 0.5mlE EF<l 100mlel] =91 &
3H kst TLCE ¥hg-& Felstal & A7 & wbg-& S48t
F715& MCE FE&5taL skl #h gk = Al A A D APAAshe] 3135 2-1
8.64g (& 66%)5 AT}

m/z: 636.26 (100.0%), 637.26 (52.3%), 638.26 (13.6%), 639.27 (2.2%)

O

313 E 2-2

o

~ O~ 0

T e g~ A ol 9-([1,1':3',1"-terphenyl]-5'-yl)-3-bromo-9H-carbazole 8.0g,
(4-(9H-carbazol-9-yl)phenyl)boronic acid 4.85g< & <l 200mlol] =] AL K,CO,
(2M) 25ml®} Pd(PPhy), 0.6gS ¥ > ¢ 3t wlqbel ity TLCE vh-8-& 2lstar
E& A7 F RS AN f715& MCE FEstaL kol 73t &

Al 2R3t SR 2-27.62g (& T1%)E AT

m/z: 636.26 (100.0%), 637.26 (52.3%), 638.26 (13.6%), 639.27 (2.2%)

3}3HE 2-3

Tt vbebE 22~ A of] 9H,9'H-3,3'-bicarbazole 10.0g, 3-bromo-1,1"-biphenyl 14.1g,
t-BuONa 4.4g, Pd,(dba), 1.1g, (t-Bu);P 2.5mlE =5 <l 200mlel =<1 F &5
ket TLCE ¥hg-& Eletal &8 7 5 vh3-& F2353 v 77158
MCE F&38ar 7heto] hek & A g4 2 AP a4 sto] 13hE 2-3 14.2g (F&
13%)E A AT

m/z: 636.26 (100.0%), 637.26 (52.3%), 638.26 (13.6%), 639.27 (2.2%)

313 E 24
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[286]

[287] Tt eE 2k 2~ A o)) 9-phenyl-9H,9'H-3,3"-bicarbazole 5.0g, 3-bromo-1,1'-biphenyl
4.0g, t-BuONa 1.8g, Pdx(dba); 0.5g, (t-Bu);P 0.5mI=Z 5 F<ll 70mlol =291 3 37
Wb TE TLCE BE-g-& 815t &8 #H7F 3 vhe-& Fasgith 77158
MCZE FZ3)a1 gt gt = ARG A 2 A A4gste] &35 2-4533g (&
67%)E ANt

[288]  m/z: 649.25 (100.0%), 650.26 (52.3%), 651.26 (13.4%), 652.26 (2.4%), 650.25
(1.1%)

[289]

[290]  3}&E2-5

o R
O C

[292] S U= 22~ A ol 9-([1,1'-biphenyl]-3-y1)-3,6-dibromo-9H-carbazole 5.0g,
9H-carbazole 3.7g, t-BuONa 1.5g, Pd,(dba), 0.4g, (t-Bu);P 0.9mlE =<l 70mle]|
Q1 & 3 WRFEFQITE TLCE ¥h3-& gletal &5 A7F F vk
AR 7158 MCR FE35kaL 7okl 8k = A A A 2 A2 6o
3}3HE 2-54.22¢ (58 62%)5 LA}

[293] m/z: 649.25 (100.0%), 650.26 (52.3%), 651.26 (13.4%), 652.26 (2.4%), 650.25
(1.1%)

[294]

[295]  f71EFAaRe Az

[296] %= 1°] Z1A1E 2ol whet o EE AR S Al ze v /7 g A=
o}t =¥
AFFATFIAATUDARTFAS12/A T
15)/==(AAFA A =(16) 22 455

2971  AAd 2 H|ae o FEFA5(12), 8

AAFET(15)2 ob e &2 =25 Al

oL

FESU LGS AT E S
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298
2981 O

[299]1  F7IEFA Aol b A e 2ol o8 FAdE AN X7} <13
U] Hol& E&A R a7 A TAE 1 R T2E 29 2313 ol Ry
A& Fe] 7T SAEYZAE2 (1:DE X 38lo] dAZax 9 4-&
SAstglen, 1 435 5] & 1o YEri Tt

[300] 1



WO 2016/108596

38

PCT/KR2015/014444

[3%1]
ZRE] TAED TEELSAE
2
FFE TIEV) |BFE |TIEV) |G Zd2(nm)
Z%d1 |11 2.54 2-1 2.87 460
Z¥d2 |11 2.54 2-2 2.81 467
243 11 2.54 2-3 2.76 483
Z¥d4 |11 2.54 2-4 2.76 491
Z%95 |11 2.54 2-5 2.84 468
Zz¥de 12 2.57 2-3 2.76 473
2447 |13 2.57 2-3 2.76 472
Z¥d8 (14 2.55 2-3 2.76 480
29 |15 2.57 2-3 2.76 472
Z%d10  |1-6 2.57 2-3 2.76 470
Z¥dn |17 2.55 2-3 2.76 481
Z¥d12  1-8 2.52 2-3 2.76 489
213 (19 2.54 2-3 2.76 482
Z%d14  [1-10 2.56 2-3 2.76 473
Z¥d15  |1-11 2.56 2-3 2.76 473
Zgd16  |1-12 2.56 2-3 2.76 480
Z%d17  |1-13 2.58 2-3 2.76 470
218 |1-14 2.57 2-3 2.76 470
219 |1-15 2.59 2-3 2.76 481
Z%d20 (116 2.52 2-3 2.76 488
Zgvl o |CBP 2.64 2-3 2.76 X
1
23l o] [Ref.l 253 2-3 2.76 X
2
23l ao] [Ret2 2.54 2-3 2.76 X
3
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Z3v| Lo |Ref.3 2.43 2-3 2.76 512
4

[301]

[302
[303
[304
[305

—t e e

[306]
[307]
[308]

[309]
[310]
[311]

[312]
[313]
[314]

[315]
[316]
[317]

[318]
[319]

7] 1ol A R vle) o) gt ael WA 2 g ale)3L

A Z 2 20 o 3 o] WEF A Ggron], z ] ie]4e] S 5100m
o)l Al FprFo] T MGt o)z H A 9] QIFmFE O] FHIFH 5
%mmwmm%ﬁaujﬁbmﬂﬁﬂﬁﬂﬂﬂﬁ%&gi“ﬂqﬂbﬂ°
% %= gl

7R Az

AAld 1

AFE L AL E(ITO)7F 1500A F717F vt 2@ fr-2) 7| 9& T/ 5
R A H s S Al A o] v o]z RE &

=
o) g% 2 gk AR S s AT F Fekzoh A

U

=
o
A ZefEnEE o] &8t 7] 73S sE-IF AP S S ITO 7] 3 Ao
218 Z27] (thermal evaporator) Z ©]-&3}o] A &2 HIOI 600A,
AE545 02 NPB 250AS A&t tps-02 47 wgZo
32 1-1/Ir(ppy); 10% 2 =3 51o] 300A A W3ttt bS8 AAsEEoR
ETO1:Lig(1:1) 300A A =3F 5 LiF 10A, 2511 5 (Al) 1000A A 2Ha}ar, o] A&
=28 dk2o A W B(Encapsulation) 3 S 2 4] = A {71 Hk33 A2 S A 25 T

AR 2

A7 AT 19 HaEE S AER SRHE -1 U] 3R 1258 A8 A s
Aol U WH o2 mA {73 A 25 A2 sl

Al 3

A7 AA ol 19] W3S SAER 3I5HE 1-1 t)2] 33HE 145 AF8-8 Al &
A Qlstali= T U o7 A {1k A2 S A 2 el T

A A 4

A7 AT 19 HaEE S AER SR 1-1 U] 3R 188 A8 g A s
Aelstals FUSHH O S {r| G AE xﬂl}o}i’ib},

A Al 5

=

A7) AA o 19 H3E T AER 31EE -1 A FEE 1-11S AR A
(o]

=
A Sl 8haiz AT PP 02 A §71 YA S A 2SR,
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[320] Q1 FEl2 AL o] =(TO) 7} 1500A F717}F vtet = el ¥ fe] 73S S5

Ze0E AHE R TR AFHo] U ol AT R E dFE oA E, W E e
59 BARE 259 A A S st AZ2A 7] F Hepzxal A7 & o] AZ] ok
At EehzalE o] g5t A7) 71 3E 5EZF Al & F1TO 7] gl &
218 Z27] (thermal evaporator) Z ©]-&3}o] A &2 HIOI 600A,

QL 4E5 O NPB 250AE A8 ) v o & Av] dhegzo 2 313 &

1-1:3} 5 2-3(6:4w%)-Z 3 =/Ir(ppy); 10% 2 =33 8] 300A A 238} o).

8- 0 2 AAF4%F 0 2 ET0L:Liq(1:1) 300A A 23k 3 LiF 10A, 2 F1] (Al
1000A A 9F&}ar, o] 2215 F2 8 Hh o) A 8 2 (Encapsulation) 3F 0 24 541
Fr7] g2 S A 2kl

[321]

[322] ﬁﬂﬂ74ﬂ‘lﬂ2

[323]  AA e ZFeHoR IFF S AER SEE 1-1:33HE 2.3 oA A4
Qﬂﬁ12mﬂ1mﬂ%%2wﬂwmiﬂ%%}£4ﬂﬂmﬂ%ﬁ
71 A E A sl

[324]

[325] W& 1

[326] 7] Al 19 H3F SAER CBPE AFE S A S AllshalE TA%
o g S frg S A2kl

[327]

[328]  WlaEd2

[320] 7] AAel 19 H3F S AER Ref 1AM 31 Al Q)3 FUE
o g S frg S A2kl

[330]

[331] Wl 3

[332] 7] AAel19 BEF TAER Ref25 AMEE A A9l ataE FAE
WY R A fr A E Al A ek .

[333]

[334] ¥l 4

[335] V] el dEF S AER Ref3E AR S A A9l ataE FAE
g A {1 dd A E A2l

[336]

[337] 71 dF 429 AT H 7t

[338] 714 2] 2400 A2~ WA H E #-Y (Kiethley 2400 source measurement unit) & 2
12 ol7hsto] A W S F2) a1 F1]7} 1] 3 El(Konica Minolta)
%/\} A|(CS-2000)E O]”Q“O}Oq ol Wtz wjo] 3| =& A3 o2 NH,

of R vl o] Frdgd el AsS I7bAS e g A E e W

2 7] oF 2 A8kl =48] Wkt o, 1 ARE ¥ 20 e

O

—

o iz Hoo
l-ﬂ > oo
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%2

[3%2]
Op.V  |QE(%) |Cd/A  |lm/w CIEx |CIEy |[FH@]10
000nit

AAd 1 (431 1731  |44.68  |3531  |0.301  |0.621 |55
AN 2 (450 17.19  |43.21  |3503  |0.301  |0.619 |52
AN 3 (431 17.30  |44.88 3522|0300  |0.620 |50
AN ¢ 4 (432 1733|4481  [3551  |0.300  |0.622 |55
AN 5 (430 17.35  |4421  |3599  |0.299  |0.620 |54
AAld 6 [3.98 1820  [54.02  [4324 (0300 [0.619 |83
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