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1. 2-bromo-dihydrobenzol1,2]carbazole?] A

i)
)
S

%
oot
o
e

2-bromo-dihydrobenzo[1,2]carbazoled o}e] &} #2& wh-&-2l10] 9

HE-S- 217

0
Br
+ QNHNHZ . Hol  AcOH/EtOH  ZnCly/AcOH
Br

TAFRoR 27 T 2823 (2-round flask)ol a-teralone(25g, 0.17mol), 3-bromophenylhydrazinuim
chloride(38.2g, 0.17mol)¢} acetic acidZ® ethanole] 21 1A E<¢F SHFA AT, 52 A-2(room
temperature) 2.2 & S, oAFG(filtering)dtxr {WE  Z(evaporating)AZITh.  o7]dl  zinc
chloride(58g, 0.42mol)¢} acetic acidE& i, 309 IAFANT. 255 F2oz Ud v &5 5
WA)7)3L, MC/PEE A& (precipitation)d}le] 2-bromo-dihydrobenzol[1,1]carbazole (35.5g, yield:70%) S 2%
o},

2. 2-bromobenzol1,2]carbazole®] A

2-bromobenzol1,2]carbazole o}z ¢} 2 w220 2]3)] 3Hd ).
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1 O)
DDQ/benzene Br | N O

FAHoR, 294 T ZTk23Fol 2-bromodihydrobenzoll,2]carbazole(20g, 0.07mol), 2,3-dichloro-5,6-
dicyanobenzoquinone(19. 8g, 0.09mol)$} benzenes Wil AFLoA 3A7F =k wWHk(stirring)dtch. Ethyl
acetate® FZ(extraction)dlil, &ujE ZAZl & silica gel colum®Z AA(purification)ste] 2-
bromobenzo[1,2]carbazole (15.9g, yield:80%) S <L Ut}.

3. 2-bromo—9-phenylbenzol1,2]carbazole?] $HA
2-bromo-9-phenylbenzol1,2]carbazole> o}&l9} 72 Hk-g-2130) <& A Hr).

HE-S- 213

1 ) >
Br N . Br@ Pdy(dba)s, P(tBu); ! ‘
| NaOBu, toluene ‘ O

TAHoR, 29 T ZF2~F9] 2-bromobenzol1,2]carbazole(5g, 0.017mol), bromobenzene(4g, 0.025mol),
Pd2(dba)3 (0.42g, 0.046mol%), P(t-Bu)3(0.14g, 0.069mol%), NaOBu(2.4g, 0.025mol)%} toluenes ¥il 130T
ol A 6A17F Bt BFAIZT. 255 Ao 2 WZE t}S, methylene chloride® F&3}il &ujE A7)
T silica gel colum® =2 AAs}o] 2-bromo-9-phenylbenzol1,2]carbazole(bg, yield :80%)<2 Lict.

4. 9-phenybenzol1,2]carbazole-2-boronic acid®] &4

d
oX,
)
vl

9-phenybenzo[1,2]carbazole-2-boronic acid¥ o}ej ¢} 7S w2 Al40] 2] 3

HE-S- 214

=0 T
Br N ‘ 2.5M n-BulLi / ether (HO),B N ‘
Ty RS U

FAHoR, 29 T ZEF2~3o] 2-bromo-9-phenylbenzol1,2]carbazole (10g, 0.026mol)¥} 100mL2] etherE
En AN A]?lu} Dry-ice bath® &%% -78CE W& g, 2.5M n-BuLi(11.8mL, 0.03mol)E HH3] Hojr=
il 2ol 1ARE Bk wWkAZIYE. YAl dry-ice  bath®  2EE -T2 YE v
tri ethylborate(lO lg, 0.05mol)E 3] "Wojrmg|al oA 4A17F F<et wWREAIZITE, 100mLe] 2N HCIE ¥
i quenching®t v, &WlE FUAC. AAHE ZAAE AFAsL, FFT hexaneS®E  3-43] A
(washing)®}o] 9-phenylbenzo[1,2]carbazole-2-boronic acid acid(6.1g, yleld 70%) S AUt

)

5. RH-001¢] 34

shebA40] A RH-001% FAIE AA g S2E 542 ofgfloh & whg-250] oa Hdent
HO A5

Br N ‘ , (HO-B N ‘ __Pd(PPhg),, KoCO3 O
\ O | O THF / H,0 O i

TA Ao 7, o]+ T ZgT9 2-bromo-9-phenylbenzo[1,2]carbazole(2g, 5.4mmol), 9-
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phenylbenzo[1,2]carbazole-2-boronic acid (1.8g, 5.4mmol), Pd(PPh3)4Z THF/H20(20mL/20mL)el] ¥ i 8A]Zt
¢ #F A7ty TLC(Thin-Layer Chromatography)® WHe &l & = Aoz YH S methylene
chloride® F&3l1 €& Z=EAIZl & silica gel colum 2 A A3}l RH-001(2.2¢g, yield :70%)S 4

olal, A7]ek ® wbmgo] A 1 AAdd wWE HA AP ZTAE EAS o] &t FIAALF LS AZEE
Aol YA Agd5S Fal, & Ao o3 A F T2E EA U o5 o] &3 fr|dAALFLA] A
TS Hlu Ayt

Aslo1

712 Aol AEF-E-LAlo|=(1T0)Z 2] &d WA o] 3mn X 3mm 277 HE2 Helde & AT, A7)
ITOZ CuPC (650A), NPD(400A), A7) 3}8F2140] A RH-003% ZA|E 24 ol S A~E EHo| 47| 38-41-
42 RD-12 BAE ZHEEZ 5% H7Fek @33 (200A), Alg3(350A), LiF(5A), AI(1000A)9] A= Ads}
At

0.9mAol Al 1899cd/m2(6.7V)E WENGISH old CIE x = 0.651, y = 0.3425 YERNSIT.

A8 of| 2

=

71 el JE-"H-SA| E(1T0)5 9 d WA o] 3mm X 3mm Z7]7F HES iy dst & A4l 47
ITOZ CuPC (650A), NPD(400A), A7) 3taral4o] A RH-0060.2 TAE HA o1F 52E ZAd A7) 3}82
142 RD-12 FAE ZHEEE 5% H7hs =
=

0.9mAo Al 1777cd/m2(6.4V)E YERNIGI S ™ old CIE x = 0.655, y = 0.3395 YERNSIT.

A8 of| 3

=

713 Ao AF-u-2x}0|=(1T0)=2] 33 AAo] 3um X 3mm Z7]7F I =2 JEds & AAs9T. 47
ITOZ CuPC (650A), NPD(400A), A7) 38244 RH-0130.2 BAE HA 0% s~E EHd A7) 3182
1-42 RD-12 FANY =HEZS 5% H7Fe 2332 (200A), Alq3(350A), LiF(5A), AI(1000A)9] =M= At
=

0.9mAo| Al 1630cd/m2(6.2V)E YEFNIZI S ™ old CIE x = 0.655, y = 0.3405 YERNSIT.

A4

712 Aol AEFE-E-LAlo|=(1T0)Z 2] &d WA o] 3mn X 3mm 277 HE2 Helds T AT, A7)
IT0Z CuPC (650A), NPD(400A), 7] 3}3t2l40) 4] RH-019%2 BA|E AA Y S ~E EHo| 47| 3}84]1-
42 RD-12 BEAE ZHEEZ 5% H7Fek @33 (200A), Alg3(350A), LiF(5A), AI(1000A)9] A= Ads}
At

0.9mA°l A 1667cd/m2(6.5V)& YEFN 2™ ofuf CIE x = 0.657, y = 0.3375 YERSATH.

A8 o5

=

71 ol AF-"-FAI=(1T0)F B3 WA o] 3m X 3m 277 H=F fEEdd & AFaict. 47
ITOZ: PEDOT:PSS (800A, spin coating : 3000 rpm, baking condition : 120 C for lhr), 7] 3}82]400A
RH-0030.2 ZAE A o1y s2E ZAo A7 38H41-42 RD-12 BAE EFHEES 24 Arje wg=
(250 A, 3000 rpm, baking condition : 100 C for 30min)Z A=Y 3k v}, Alq3(350A), LiF(5A)
AI(1000A)9] &4 = Autslgt),
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0.9mA° A 1553cd/m2(7.6V)E LEFNI o™ ol CIE x = 0.651, y = 0.3425 YERHAT.

v a1

718 el AF-E-SAL]=(1T0)5 <] ¥4 "ol 3mm X 3mm Z7|7F H=F dfEyds & AAsT. 4]
[T0% CuPC (650A), NPD(400A), 7] dg21-32.2 #A|E (BPAl 7] 3821-42 RD-12 ¥A|H =HE
= 5% F7Fsk W= (200A), Alg3(350A), LiF(5A), AI(1000A)9 A& Aaatsdct.

0.9mA°l A 780cd/m2(7.5V) & YERNS e o]uf CIE x = 0.651, y = 0.329% YER .

dEd Al WA A5} nlae1e] vuAddE off Flol WERAT. o7IA Ao de= Vv, AR
e} i

o Il mA, $1=9 W= cd/m2, AFEES] Fe= cd/A, AHEES] I9= In/Woltt.

¥ 1

At A5 3= Aegad |HA¥as&  [CIEX CIE(Y)
A A o1 6.7 0.9 1899 18.9 8.8 0.651 0.342
A A] o2 6.4 0.9 1777 17.8 8.7 1.655 0.339
A A o3 6.2 0.9 1630 16.3 8.2 0.655 0.340
A A o4 6.5 0.9 1667 16.7 8.1 0.657 0.337
A A5 7.6 0.9 1553 15.5 6.4 0.651 0.342
H] 3 o 7.5 0.9 730 7.8 3.3 0.659 0.329

2 Y Ao, TF AY, AE Sl Uo) 94 &
B e webd B owgel 44 Qg sae gAe md whgel od dud axbe) Azt ekl

-Al 2 A=

®oure] A 2 AAee] we HA
3

S| 013 TAE EAHL 1.2 benzo carbazolo] 6 X oA A,
carbazol® Ao WEH I8 oy IF &
s}

TE AWE agonve Ay Bdo] ARPoEM, £F

-
24 542 2t Aol SAolH, a7

g‘l:z‘:ﬂ—/\] 5

oA71H, Al % A2 Z7he A% EE ] g% 2% 24, A £ WD
A e uASE 99E 2% 204 At Al 27 2L A4S 9
A1} A27h the A4S v A

dZE 5o, A7) ®wWEE aOF EFL Hd(phenyl), YEH(naphthyl), wv}o]#d(biphenyl), Edd
(terphenyl), ¥|~#Yd (phenanthrenyl)S E3Fsl= Aol EAo|t}).

T3, A7) olday aF B2 Igdd(pyridinyl), ¥F AL (bipyridinyl), F =AY (quinolinyl), ©]
FHEH A (isoquinolinyl), A=AAY (quinoxalinyl), By g d U (terpyridinyl), Ad2E59d

o
(phenanthrolinyl)& X33t& Ao & o|t},

B~
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g, A AWE aF 248 C1-0209 olH(aryl), C1~C209) & (alkyl)S E3slE= zlo] EAo|t}.
w3, A7) WES OF BE, Y] oday aF 2d 2 AV BHES OF Bd 47 A3A= C1-0209]

ol (aryl), C1~C209] < (alkyl), C1~C209] &= A|(alkoxy) eE7(halogen), Alolx=(cyano), A (silyl)
Zol A MeEE Aol EAoltk, oE 5o, A7) A&A= W= (methyl), o€ (ethyl), 2" (propyl), ©I
2 (isopropyl), HE(t-butyl), wIHA(methoxy), ©ll5A](ethoxy), H-5Al(butoxy), EZwEAZ
ez
=

(trimethylsilyl), B4, 94 = o= sy 4 A},

SR S Fhu}=(carbazol)® 1,2 benzo carbazolo] 6¥ x|olA Ag=
carbazol9 Aae] W3 I, oYy IF EE AWS IFo2EEH dYgs Edo] XEgozy
Z =

R aage] Fie 2 "

;
2~ =
, =T

& 5°l, 47 Al R A2 722 ot FeA6er RAHE v sdTeRsE A9

Slek,

&

Q0 O C
o o 3
CO CO oLl o0

o CC

2 A29] A®o| wal, Av] 3}E2l5e] HM QP TAE EAHL 7] FehA7d FAE v 237
stUrE "o, o7|A, Aol HelE fd ZF 24 sfekel RHO01~RH3099] 7155 F-o3815iH.

o oy
Ir =
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olgloll M=, & wro] A 2 Ao g U] AALFLAE AN JF T2E BF F, A7) 34k 700 A
RH-0012 %7]¥ A4 Q13 s2E 534S 04]?& 5o oS Ay,
‘c‘ﬂ—/Hoq

1. 3-bromo-dihydrobenzo[1,2]carbazole?] ¥4
3-bromo-dihydrobenzol1,2]carbazole- o}z <} 22 w260 23] 3d ).

HE-S- 215

=0 7Y
O
N
+ BFONHNHQ . Hcl AcOH/EtOH ZnCl,/AcOH [ |
Br

TAHoR, 294 T ZT~To] a-teralone(25g, 0.17mol), 4-bromophenylhydrazinuim chloride(38.2g,
0.17mo1) 9} acetic acidE& ethanolel Wil 1A1ZF &< SFAIZITH, 2285 202 Y& t&, st &
|2 Z2A) 71T, o 7)o zine chloride(58g, 0.42mol)9} acetic acid® 911, 30ET¢ FFAZL, L2
Aeog Yy tre gujE FwA)7)aL, NMC/PEE A%38}9 3-bromo-dihydrobenzo[l,2]carbazole (35.5g,
yield:70%) & AU,

2. 3-bromobenzol1,2]carbazole®] A

(

3-bromobenzol1,2]carbazole o} ¢} 2 w270 23| 3d ).

hin

HE-2- 217

i 0
‘ N | DDQ/benzene ‘ O
Br Br

TAHoR, 27 T2 ZT~3o] 3-bromodihydrobenzoll,2]carbazole(20g, 0.07mol), 2,3-dichloro-5,6-
dicyanobenzoquinone(19.8g, 0.09mol) %} benzeneS i1 AFL-o A 3A17F =<t wHkst}h. Ethyl acetate®
Z3la, €dwE =2X7 3 silica gel colume® AASF]  3-bromobenzo[l,2]carbazole (15.9g,
yield:80%) & ATH.

3. 3-bromo—9-phenylbenzol1,2]carbazole?] $HA
3-bromo-9-phenylbenzo[1,2]carbazole o}&l9} 72 Hk-g-218<) <& FAdHr).

HE-2- 218

e >
N . Br@ Pd,(dba)s, P(t-Bu)s ) ‘
‘ NaOBu, toluene | O
Br

Br

TAHoR, 29 T ZF2~F9] 3-bromobenzol1,2]carbazole(5g, 0.017mol), bromobenzene(4g, 0.025mol),
Pd2(dba)3 (0.42g, 0.046mol%), P(t-Bu)3(0.14g, 0.069mol%), NaOBu(2.4g, 0.025mol)%} toluenes ¥il 130T
oAl 6AIZF HoF BFAZIY, 52 Aoz W7tk UL pethylene chloride® &3l |uE ZuA7
T silica gel colum® 2 AA}o] 3-bromo-9-phenylbenzol1,2]carbazole(bg, yield :80%)< Lict.

4. 9-phenybenzol1,2]carbazole-3-boronic acid®] &4

9-phenybenzol1,2]carbazole-3-boronic acid: o}z &} & wH-3-2]90] o3|

%
oX,
(i
vl
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N ‘ 2.5M n-Buli / ether N ‘
Oy TR O
Br (HO)B

FAHoR, 29 T ZEF2~3o] 3-bromo-9-phenylbenzol1,2]carbazole (10g, 0.026mol)¥} 100mL2] etherE
gﬂiwAVW}Dwﬂwbmﬁé%E%—%CELﬁiﬂ%,ZWnﬁmNH8m 0.03mol)E 3| "ojm
i g2oA 1A ' wwWkAZIYE,  tA] dry-ice  bath® 2%& -78CE W¥ U
triethylborate(10.1g, 0.05mol)& ZZ3s] Hojrme] il Ao A 4A1ZF &<t WWHAIZITE, 100mLe] 2N HClE ¥
3l quenchingdt v}, £0jE SubA 71, @HH?mmlﬂﬂﬂj,zekﬂhwméﬁi&ﬁqﬂ@ﬂﬂ9—

O

phenylbenzo[1,2]carbazole-3-boronic acid acid(6.1g, yield :70%)S AUC}.

5. RH-001¢] 34

33FA 70 Al RH-0012 ZAE A 34 $2E 23

rlo
o
o
)
Lo
i
rlo
rlI
olo
1>
=
o
=
Lo
o
i
oX
)
Au)

4-g 2110

@ @ O
N ‘ . N ‘ Pd(PPh;)s, K,CO; O O
Ol O O ‘ O THF / H,0
Br (HO),B N

TA Ao 7, o]+ T =g T9 3-bromo-9-phenylbenzo[1,2]carbazole(2g, 5.4mmol), 9-
phenylbenzo[1,2]carbazole-3-boronic acid (1.8g, 5.4mmol), Pd(PPh3)4Z THF/H20(20mL/20mL)ell ¥ i 8A]%t
¢ #F A7ty TLC(Thin-Layer Chromatography)® WHe &l & = Aoz YA t}S | methylene
chloride® F&3l1 &ujE Z=EUAIZl & silica gel colum 2 AHA 3] RH-001(2.2¢g, yield :70%)S 4

=

o5, 4718 ¥ Wl Al 2 AN W HA A BAE B
AFel6 WA AAA0E B3, B w9 K4 AF FAE
q

712 Ak ﬂ%ﬁk%ﬂowxnméﬂ s WAo] 3mm X 3mm A7)7F HEE dEHYs T A ASAT. A7)
IT0OZ CuPC (650A), NPD(4004 ), lﬂ@ﬂ%%ﬂmowg-mhlﬁﬂ?h*§¢E §§qQﬁ]ﬂﬂﬂk
@;mﬂigpwﬂgﬂEeE%%Uh}%%%(mmn Alg3(350A), LiF(5A), AI(1000A)9 &A= Auts}t
PEa=

0.9mA°l A 1734cd/m2(5.5V) & YeERR o ol CIE x = 0.658, y = 0.3395 YEFATT.

O

28 o7

718 el AF-E-SAL]=(1T0)5 9] ¥4 "ol 3mm X 3mm Z7|7F H=F AEyds & AAsT. 4]
IT0Z CuPC (650A), NPD(400A), A7) 3}8FA70) A RH-003S.2 TA|E AA Q3 A2E EAd 47| 3}3h2
1-4% RD-12 ZAE EHEE 5% HF7 s 2332 (200A), Alg3(350A), LiF(5A), AI(1000A)Y &A= A=
=

0.9mA° A 1826cd/m2(5.4V)E EFNA o™ ol CIE x = 0.659, y = 0.338% L ERHAT.
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718 el AF-E-SAL]=(1T0)5 9] ¥4 "ol 3mm X 3mm Z7|7F H=F dfEyds & AAsT. 4]
IT0Z CuPC (650A), NPD(400A), 2F7] 3}8FA70) 4 RH-0062.2 BA|® A 0% s AE Edo| 47| 3}8kal
1-42 RD-12 ZANYE E=HEZS 5% H7Fs 233 (200A), Alq3(350A), LiF(5A), AI(10004)9] +=A1=
=

0.9mAol Al 1766¢d/m2(5.3V) & YEFIZl S ™ old CIE x = 0.657, y = 0.3405 YERNSIT.

218 of|9

=

712 Aol AEF-E-LALo|=(1T0)Z 2] &d WA o] 3mn X 3mm 277 HE2 Helde T AT, A7)
ITOZ CuPC (650A), NPD(400A), A7) 3+g-2)70lA RH-019% JAE HA A% 52 Zdd A7) 384 1-
42 RD-12 ¥AE =HEE 5% H7ke w3335 (2004), Alq3(350A), LiF(5A), AI(1000A)2] A2 Adts}t
At

0.9mA°l Al 1720cd/m2(5.5V) & YEFHI 2™ ofuf CIE x = 0.658, y = 0.338% YEFHSATH.

2310

7 el AE-T-SAL =(1T0)% 9] 34 WHo] 3m X 3m 7|7t HE2 Hede F AT 2]
[T0% PEDOT:PSS (800A, spin coating : 3000 rpm, baking condition : 120 C for lhr), 7] 8}8h2 70l A
RH-0032.2 #AlEl A4 <1 sxE &4 47] g3h1-42 R-12 FA® =HEES 260 37t B33
(250 A, 3000 rpm, baking condition : 100 C for 30min)= 2~ =¥ 3+ t}LS, Alg3(350A), LiF(5A)
AL(1000A)9] &4 = Autslgdt),

0.9mAo A 1640cd/m2(6.3V)E YEFNIZISH old CIE x = 0.659, y = 0.3385 YERNRIT.

H] o] 2

713 Aol QFE-81-2A}o]=(1T0)Z9 % WA o] 3m X 3m Z7)7F H%2 dfEyds 5 AAs0T. A7)
ITOZ CuPC (650A), NPD(400A), 47| 3}e+41-302 JA|E (BPYl 7] 3}8t2]1-42 RD-12 BAH EHE
= 5% FH7Fe @333 (2004), Alg3(350A), LiF(5A), AL(1000A)9] == Auatdct.

0.9mAo| Al 780cd/m2(7.5V) & YERNI 2™ o]uf CIE x = 0.651, vy = 0.3295 YEAUTE.

=3 A6 A APA103} nlae29] v AE ofef F20] YT, o7IA Heke] dej= Vv, A
of &9= md, =] FH= cd/m2, AFEES] D= cd/A, AHEES @9= In/WolH.

o

X2
At A 3= Aegad |HA88s&  [CIEX CIE(Y)
A A 5.5 0.9 1734 17.3 9.9 0.658 0.339
A A2 5.4 0.9 1826 18.6 10.8 0.659 0.338
A A o3 5.3 0.9 1766 17.7 10.5 0.657 0.340
A A4 5.5 0.9 1720 17.2 9.8 0.658 0.338
A A5 6.3 0.9 1640 16.4 8.2 0.659 0.338
H] 3 o 7.5 0.9 730 7.8 3.3 0.659 0.329
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[0322]

[0323]

[0324]

[0325]

[0326]

[0327]

[0328]

[0329]

[0330]
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e

oh.
EAIR vhek gol, FA1AARFAAE AR HFRE A 1R A 2 AREIEADD, 37 A 1R A 2 8
(M=A) Aolol gH ol Sl §7]u o] o E(B)E ¥,

rot

b A QY 52E BHS

b

Fatel ool fIAARFaA N A AANE = 20 HAFHY

sk Al 1 A=(110), &5 95 dk= Al 2 A=5(130) B 7] Al

47 YT LEBE FF qTS 5
1% Al 2 AF(110, 130) Atolo] FAHE F718Y3(120) 0.2 o] Foj )
A7) A1 ASFU0S AFSE ghol Mad Fe BA, dF Fol, AF-U-SA| (102 ol FolAu], 4

71 Al 2 AF(130)2 43 gho] vy w3 B4, d&5 5o, ¢FvgEAl) Ev 4FvE FEAIND=
ol FolZth, Ed, A7) f71UPF(1200 A4, %4, P FolugHEon ool

7] 7135 (1200 dEEES Fdststy] 8, tvesd 7F 5, A 1 A5(110) 225 E x40 =
T+YS(hole injection layer; HTL) (121), A ¥4%5%(hole transporting layer; HIL) (122), &334
Z(emitting material layer; EML) (123), HA<4Z(electron transporting layer)(124) % Ax}FUZ=
(electron injection layer)(125)¢0 2 o]Fo]zlt},

oz

ofr ot

714, A7) HHEBAF123)S 4] SN2 e Y] Sesr EAE A4 QY S2E BAg wge

o o]Fofzltk. 7] AA Q1 T2E EHo] of 1~10wthE &v, & 5o AW (xylene)ol &3l

AETE oF 1-10wth H7bele] 2EE=dS ool Az, 47 2dEds &

(123)& @At dArk. 53] 2 2w A4 Q1 325 542 v=A(non-polar) &fel wh3t &
sttt. Wk =4 &rlE ol&ste] =™ FAe] AW s Zeo]E(hot plate) &

of ddeo= A& 4 3 " 2y H=A SHlE o8 A olHR

7} S v, Ay WrgEAZ(123)8 A4 HA dh BB =8 69 3 5 Qi)

[‘

M2 o\ Ho
2
>,
N
rr
oM
o
o~
2 ©
N
o
r
ol

A E B owge] mhgA g A g Fxstel W
EH YT 717 y
| 54 % WP

=<

b

A

REo] 4

110: Al 1 A=
120: H71933%
123: HFEAZ

130: A 2 A=
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