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oM s ol MARA §24F | we] TEE A UL o 5] AW 5 Ak olsh pe AR YL Y
714 wotel % elA Qi Welm, FAAE 47 Ax Pl 2 WAl 7] B3t 19 RFRS AT 5
ek FAH Az P e Fshs Azdol 7 Asten.

Lo {7 g Ao )5S G R o] Fojd Fk Qo 23 oY fUlESe] AsE vT 2R
o]Fold Utk o, & Ao F7] F e fUIEFoEA BEFUS, AeTET, AT, AAFES A
AFYE B TP TS b S Ak T, 7] 0 29 FRE ol gEA gu Y AL o 718
=90 3 3}3F 2= o)
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ol & o] &3 7] ATF Ao Alx= o]ste] Al R H]ale]
Aol 2 A S dAE] 93 AolA] E dw o] j9fTE ol gl
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b 4 Ak

<Alze] 1> 3tk az A H = SR do A=

F}8}Z (carbazole, 1.672 g, 10 mmol), 1- B 2% -2-8 ¢ =l Al(1-bromo-2-iodobenzene, 1.5 mL, 12 mmol), B}
ZHE (K,CO4, 2.7646 g, 20 mmol), 8 2 =3k (Cul, 95 mg, 0.5 mmoD) B AU 25 mLS A £917] atoll A &7

(reflux) sttt 202 W23t & YA =5 deotAlHo| ER FEstal Tkl (MgS0) o= /5 Al A
Sk & 7k sloll A Bul & A AT A4 Sl E AFESle] ARl AE S SHAIA FFES E2 F SulE 39§
oM AATAL AE AZAA Yk I w49 7] 3% (800 mg, 25% F8)S AJtk. MS: [M+H]* = 323.

_29_



==

s =53] 10-0645032

3184 a2 FAHE SUE4E (6.96 g, 21.6 mmol)S BAE THF 300 mld] 52 3 -78 °C& W¥2}+3k & n-Buli (2.5M
in hexane, 8.64 ml, 21.6 mmolD)S A 3] & 718A . T == A 30 &3F wvsk & 2 7-dibromo-9-fluorenone,

1 fu. T
(6.08 g, 18.0 mmoD)& 7}al3ith FY 2ol A 40 &3 wnkglh & o8 25 o 3 A7 o] wyksielth. SRy
F2ehol= (NH,CD 8 Ao ihe-S FR3 F oldoN 2 330t #7525 Faidvt v«
(MgSOp ez =& AAT F 7] &= AAG AT dojxl AA S Tl BAMAA st wukeh & of abar 1
& Axsto] 10.12 g (96.7% 8) 9 T3 242 Atk € A E 10 mlo] opA| EA4bell E4EAIZ1 5 218 4 10
W2 Theke] 4 A7 Bk BR A & o] 35}aL ol Bh& 2 Aol % A% NHaFo] 9.49 g (96.8% +8)

o] g}3h4 bE A ATh MS: [M+H]™ =56
<Alze 3> 3tk c2 FAH = e dY Az

3}8ka] bR FAEE 2424 (10.0 g, 17.8 mmol)S THF 200 mloll 3] 350] 31, 4-chloro-phenylboronic acid
(8.30 g, 53.3 mmol), potassmm carbonate 2M solution, tetrakis(triphenylphosphine)palladium(0) (0.62 g, 0.53
mmol), A1 S 10 ml ¥ 3L 244 750 Skt Hh-g-o] 1 S0 2o g %]7“\] 7] 011?%5}‘3}. &3} ethanol® o 2]

H AlojEn A& R Addstela g st 83 (9.5 g, 85% &)E ARUTh MS: [M+ H]"= 625.
<AAA 1> B 2-18 BA = She e Al

1) 88t 2-12 FAIE = SFFES AZs7] 93 obE ol &4 U-(N-3ld-N-sldopr ) d-1-Hdo}rl): 4-H
Et’iﬂ‘é N-#d-N-#do}wl 13.5 g (41.6 mmoD ¢} o9& 3.98 ml (43.7 mmol)S EF4l 120 mlel &) 7], ot

F-EMF-FEA}o]= 10.00 g (104.1 mmol), Bl ATl A gl dlo} A E2Z2H5(0) 0.48 g (0.83 mmol), 50wt% Eal 2]

/\%FJ FEHEZAA E5<0 &9 0.58 ml (1.25 mmol)& H7Fg 3, 2 A7 &<F A4 7]/ shollA] gHF-algleh. kg &9 o
El: BAZIL F7] & FEEUY. w2w-dA/H Egso]lm 2 e = 10/1 EvjE Ay 23

= =
F AfrolE| 2ol wukek ] A g Axse] ofF olnl A7) (9.6 g, F& 69%)2 AATH MS: [M+H] = 336.

2) 31312 b 3.0 g (5.3 mmoD) 9} 4-(N-#'d-N-gdojv| =) d-1-s dofnl 4,12 g (12.3 mmoD)<& &<l 80 ml o
LA 3, YEF Eﬁ/ﬂv‘ﬂ FEApOI= 1. 54 g (16.0 mmol), H] =]l 2] :41ow1 Z2HE(0) 0.06 g (0.11 mmol),

50wt% EE] HAMg-FEExA E5<0 &9 0.06 ml (0. 16 mmol)& H7FeE 5, 2 A3t 51k A& V)5 stoll A &5t
A ol S R S SN A S8 FE AR, oY el 0 41 Gl
A9 @ 5, A folze) wuke 5] AFAxzste]l H14 2-1 HAF (2.7 g, & 470)F ATk MS: [M+H]* =

1074.
<A 2> 3}sha] 2-28 FAIEE s A%

1) 3t32 2-22 A& SFES A7) fg ofd ofil 3 4-(N-#d-N-sdopn| )sd-1-1}2 e opyl): 4-
BErdd-N-#dd-N-#dldo}d 15.0 g (46.3 mmol) ¢} 1-v}ZEoldl 7.29 g (50.9 mmol)S 52l 200 mlo] &304
713, JEF-EA g -FEA}o] & 13.34 g (138.8 mmol), 2=t ¥l A g dlo} N EZe+5(0) 0.53 g (0.93 mmol), 50wt%
E-gAME-FEEa 2720 &9 0.56 ml (1.39 mmoD)= H7hsk %, 2 A|ZF &3F A4 7] st A gFstglvt. w5
LHo FHFTE LA NS TRAVA 7] S5 FEUTh w2d-IdHEGSto| =255 = 10/1 §ul= A9 &

[e)
23 5 Afol e 2ol wwkek 5 g Axsle] o} opwl AA7] (13 g, & 73%)= AUt MS: [M+ H] "= 386.

2) 382 b 5.00 g (8.88 mmol) &} 4-(N-#Hd-N-d ol =)Hd-1-v4ZEo}d 7.90 g (20.4 mmol)S EF 120
ml ol &3 A17]3, YEF-HAM g -F-5A}0] = 5.89 g (61.3 mmol), Eg] vl g dlopA Er] Z2H5(0) 0.24 g (0.41
mmol) 50wt% Ed]l-EM g -FE ¥ ad EFo 89 0.25 ml (0.61 mmoD)S H7Fs 3 2 A|7F Bt A& 7] 5F 3ol A

Ttk Whg &N FRHFE WAL 9ES TRV F7] & FEIUT m2E-d i Egelo| 25T = 4/
1 %UHE A e 5, Aol Hl 2ol ankel 7 X E 138k 5}51“—1 2-2 3}3E (5.2 g, 78 50%)E LA} MS:
[M+H] = 1174,

<AA G 3> 8182 2-42 FAEE 35E ] A%
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1) 3}t 2-42 FAHE S3ES A 28] Y% o} ofwl I (A-(N-#Hd-N-ddolu )Hd -1-v] g do}ql): 4-
BErdAd-N-#dd-N-ddo}dl 17.4g (53.7 mmol) ¢} 4-o}n =8 Hd 9.99 ¢ (59.0 mmol)& EF<l 250 mlel] &3f A
713, YEF-HAM g -F-EAlo]= 17.02 g (177.1 mmol), H]’\E] W g dlol Al =225 (0) 0.68 g (1.2 mmol), 50wt%

Ef-gMg-SLE ¥y 524 89 0.72 ml (1.8 mmoD)S H713E 3, 2 A|7F 5ok A4 7] 57 dloll A 73kt v
ENo THFE G S TRAYL {7 TS Tao}oﬂdr waE-dilHEgsto] =2 Fe = 10/1 = A9 &
21g & A fol e 2ol wke 5 WF AF5He] ofd oyl 1A 7] (16 g, & 73%)E AATh MS: [M+H] =412

2) 3154 b 4.7 g (8.3 mmoD ¢} 4-(N-#Hd-N-s do}r] i) d-1-0]#F Ho}¥l 7.9 g (19.2 mmoDS E5F41 150 ml
LA 73, YEF-HAMZ-FEALo]= 5,53 g (57.5 mmol), H] 2] Hﬂélﬂl dlolAl EZ2kF(0) 0.22 g (0.38 mmol),

50wt% ET]-EA g - LA B¢l €9 0.23 ml (0.58 mmol) & H7}ek &, 2 A7t F¢t A4 75 sl A 7313
th Rhg gelle] FRFE YA VES TRAVIAL 77 S 126}@1’% Eag-dl/ Y Egste| R F = 4/1 §r®
A B &, A folel 2o wnksh 7 g xste] 5h8ha] 2-4 3 (4.9 g, T 48%)F AT MS: [M+H] =

1225.
<A A 4> 8382 2-18F BAHE 329 A%
1) 3}sha] 2-18% FA & 3ES A Z35H7] 9138 ofd ol Al (4-(N-Hd-N-vpx o] o) d -1-v do}yl):

4 HEZ R Hd-N- Jﬂé N-ut=Zgo}wl 7.00g (18.7 mmol) ¢} o} ¥ 2.56 ml (28.1 mmol)S EF 2l 100 mloll &3A]7]
A, YEF-HAE-FEEAe]= 5.40 g (56.1 mmol), H]’\ﬂ‘ﬂ | 2 2] dlo} A E2Z2}5(0) 0.22 g (0.37 mmol), 50wt% E &

—EWﬂ FEy a9 E5¢0 €9 0.28 ml (0.37 mmoD)S H7Fe 5, 2 A|ZF <t A 7] shell Al g3ttt vhe &
ol THFE YL NS TEAI| A 7] & FEIGL 2 -/ EGS | =2 H e = 10/1 = A7 &3
35 Aol El 2ol wukek § 2 fzske] ofd obul A7) (5.1 g, & T0%)E AU MS: [M+H] = 386.

2) 3134 b 2.5 g (4.4 mmoD ¢} 4-(N-#d-N-vpzZ &opn| =) # d-1-g do}nl 3.86 g (10.0 mmol)<& =<1 50 ml ]l
LA 7, YEF-HAg-FEAlolE 1.26 g (13.2 mmol), E& 2T Hﬂ"a‘ﬂlﬁ O}HIEV%-LLE}H(O) 0.08 g (0.08 mmol),
50wt% Efﬂ B -FE Xy S5 &4 0.04 ml (0. 13 mmol)& H7Fst 3 2 A7t F2F A A& 7| Sholl A 7319
o} HES g FHFE Y HJP—% TEAIL F7] S5 FESSY = E“‘ G‘W/EﬂEE‘r stol =gk =4/1 &=
A B2k & Aol 2 u A-gAz3te] 882 2-18 315HE (2.5 g, 8 49%)E AATE MS: [M+H] =
1173.

<A 5> 318 2-192 BAH = g9 Al

1) 35H4 2-19% FAIH ShaHES A2a] 919 of2 ol B4 (4-(N-si d-N-1} S lofu] xo)s -1 -1} e of )
4—EEEﬁ]‘é—N—fﬂ]‘é—N—‘/}# Holwl 14.0 g (37.4 mmoD ¢ 1-YUZeolwl 6.43g (44.9 mmol)S& EF <l 200mlol &3}
AN H, =gl A g globAl EZel5E(0) 0.645 g (1.12 mmol), 50wt% E-HAM 2 -FE X239 53¢ &9 0.74 ml
(1.5 mmoD Z} HEF-HAM gl -F-EAe] = 8.99 g (93.5 mmoD& 7183t 2411 ¢ A 47| Fatel| A ghek 5, vh-&
Qo) ZFHFE Uy e S ZAXNHT $712 S =25t m2d-dAA/g Egsto| a2 e = 10/1 ALz AH

welatar, A froll 2o awkel ) WF A zske] ol olnl AA7] (8.53 g, T & 52.2%)5 AATH MS: [M+H]" =437,

m[o

2) 3}sk2] b 5.00 g (8.88 mmoD) I} 4-(N-#Hd-N-t}ZEolnm)Hd-1-1}ZEo}ul 8§ 53 g (19.5 mmol)S &

50mloll &A1 H, vlaguld g deolAl EZ2HE(0) 0.204 g (0.360 mmol), 50wt% Eg]-ElA g -FEx 23 534l
€9 0.31 ml (0.62mmol) ¥} Y E F-EM 2] -F-EAFo] = 4.69 g (48.8 mmol)S A7} th. 241759k A 4 7] 573}l A
B 5, RESE N SR E YA vheS TAAAY. 7715 S FESY =2 9‘—‘1’&/31‘53}0}0]‘:%%% =8/1#
Meum 2 AP EE s, AFol a2 wikst H AF 7238 3182 2-19 3= (5.60 g, & 49.5%)E AT} MS:

[M+H]* =1227.
<A 6> 38 2-217 B H = 3FgHE o A%
1) 8844 2-212 HAHE F3ES Axal] 918 ok ofvl $H4 (4-(N-3 J-N-1k g op] o) #] J -1 -1 5 J o} )

4-8 2 EHAI-N-9d-N-t}z&o}rl 14.0 g (37.4 mmol) <} 4-o}r]=H]=d 6.96g (41.2 mmol)< &5 200mlel &
A 71, v At g dol A EZ 2 5(0) 0.47 g (0.82 mmol), 50wt% ET]-Blg-FE A~ EFq &9 0.50 ml
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(1.2 mmoD) @} Y EF-HAM g -FEA}o

HES-g o) SHFTE Yl J%% @*]ﬁlﬂr.
AP 2] skar, Aol gl 2ol wuksl

462.

g(1284mm01) A7VsEA T 2/ st AT el A R F
V& FESY 2 E-GA/HESto| 25 = 10/1 A& =

F 5 AEAxste] ol ofyl AAY)] (7.5 g, 8 43%)E YAk MS: [M+H]*

:{ocn

nl

2) 382 b 3.3 g (5.8 mmoD) T} (4-(N-¥Hd-N-yxEolu|)dd-1-H]#do}ql) 5.90 g (12.8 mmol) S EF 4 70ml
o &A1 7 F, vlAagud g dolA EZe}5(0) 0.15 g (0.26 mmol), 50wt% E-EH g -Re L A3 EZo gH

0.16 ml (0.38 mmol)¥} YEF-E Mg -F-EAlo] = 3.68 g (38.3 mmol)S A 713t 24 1H5<F 7“/\7] Slol| A 35
g & HEE 8N SHFE Y WS TAANFL A5 S FEGY] na2Y- 6“4/Eﬂ€a‘ro}°1‘:ivﬂ— 8/1 AN&
vl 2 2’42‘35 shar, A frol g 2o wukek § JF-d xzske] 8keka] 2-21 813E (3.9 g, 78 51%)E AU MS:
[M+H]" =1227.

<A G 7> 84814 2-256% FA|HE SHEE ] A%

1) 8}8h2] 2-2562 FA == SRHES Al xst7] 93k ofd ofvl 34 (4-(N,N-t o dojr|)-vgld-o}dJ): 4-F 2

ZeHd-N,N-tJ#do}7l 4.00g (11.2 mmoD) 2} oFd® 1.13 ml (12.4 mmoDS EF < 100mlol] &3 A1715, vt Hl

ﬂalﬁ oFAEZ2H5(0) 0.129 g (0.225mmol), 50wt% Eg-HA g-Fex 23 ZF<¢l &4 0.17ml (0.34mmol) 2} U E
F-EHAME-F5AFel = 2.70g (28. 1mmol)<S H7FekSlth 5A1 st A A7 Faloll A gt 9 w38 T/HTE €

ﬂ W8-S STAAZY. 77158 FE8te] =2d-d/H Egstol =25 = 10/1 A7lgul=2 AH 2 shar, Aol El
2o wHkgl ¥ AFAZEe] oflF-=A) o} ol A7) (3.77 g, & 81.3%)= AATH MS: [M+H]" =413.

2) 3}k b 2.30g (4.08 mmol) 3} 4-(N,N-t] s do}r] w)-H|dld-o}d & 3.70 g (8.97mmol)S EF<l 30mlel &3 A
71 5, v Ao g gl O}AHEJLF/}H(O) 0.094g (0.16 mmol), 50wt% E-EAH g -FE T A3 EF 84 (0.14ml
(0.29 mmol) @ YEF-EHA g -F-EALO]= 2,16 g (22.4 mmoD)S A7}l Tl 2A1 75 A A7) Fald A 53 3 ut
S&d THTE i TS TEAANAY. 775S FESY w2 - EH Egstol E 255 = 8/1 AAEME AR
s, Aol 2o ket 5 21F Axste] 318H2 2-256 3HEE (2.7g, T8 54%)E AJTh MS: [M+H]T =
1227.

<A 8> 318ha] 3-2= FAEH = SHEHE Az

1) sheka] 3-2% A H
441 2-25] o141 op1l 91271 454 .0

i‘l
o 1
m{n
mlo
HJ
ol
N
i
~
o
i)
o
2
o
ox
&
2
5
mL
Z
é
¥
o
e
=)
£
i)
mL
r—t
L
I
u)
o
=
-‘.‘i

2) 382 ¢ 5.00 g (7.98 mmoD <} 4-(N-#Hd-N-#H do}r| )Hd-1-} = Eo}7l 7.09 g (18 4 mmol)E &5l 120

ml o &7 3, YEF EV\%FJ FEALo]= 5.29 g (55.0 mmol), H]=gWl A g dlol Al EZ215(0) 0.21 g (0.37

mmol) 50wt% EE] B A g -5 23 EF £ 0.22 ml (0.55 mmoD)& A7F3E 3 2 A|7F Bt A4 7] dfoll A
TR W SN FFHRTE %*—57— TEAZIA F§7] T& FEST w2 g-dll/HEgSto| =255 = 4/

T=

[e)
1_'6‘2
1%uH?L 44 283§, **T"roﬂEﬂEoﬂ WRES F A3 xste ek 2-2 39tE (5.6 g, & 53%)E AATE MS:
[M+H]"=1174.

H~l

<Al 9> 7] B AApe] Al

ITO (indium tin oxide)”} 1000 A 2] FA = vt4t T8 H §-2] 7]F (corning 7059 glass)= AAE =2 SHF ¥
ZS92 A A3t} o] w] A A| E+ Fischer Co.9) A ZFE AFR-519 o Z=HF 42 = Millipore Co. A& ¥ (Filter)
Z 222 AW THFE AFSE T ITOZ 30 B3 AlH 3 5, SHSR 2 3] whEslo] 229} AlH S 10 £3F 133}
Atk SR MAH o] ll‘)r $-, ol AR AL ofHE, HEE 5o EAE 250 Al FHS Stal AXRAIT § k=t A
712 o] FA AT ok A AaFeRutE o] 8351o] Y] 7||E 5 B3 A A - JF SV E 78S o] S A H T

d71ek ol =H)E ITO £ A= ol 817] shah2 9] sh3tEQl AAMEY SAlolxtE g #d @l (hexanitrile
hexaazatriphenylene: ©|a} HAT®#} $h)& 80 AA FAZ G R 52 0}04 whuhS 3 Ad kGt o] vhutel] ofsto] 7]t
AETHT Aol AW A4S FEAD 5 o) 4], A7) ubut Aol s17] 8hEhA] o] SFehE 2-14 800 A ] FAE
S5 ITO =45 2 NE F7188 7}X1L S ARG
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Fof 1A

£ 300 A9
A2 F 2

g3k 7, of #lell Ala3
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=

A
(o)
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SEe
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CHEEEEERSED
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AzE 224 o3 AFLE 100 mA/cm?oll A 8.75 Vel AAZ BHglom, 2,01 Im/Wel ¥ &85 HolEs ~HE]
2= Sl

<AA A 11> F7] W A9 Alx

A7 A 9ol A AE FUT2E ARG S E 2-19] BHS 2-49] SFER A 8% S AQstae AT AAE
Al =5 AT

AzE 22 S0 AFLE 100 mA/em?ol A 7.36 Vel AAE BAon, 2,12 Im/Wel 3 585 Holi= 23 =7 o)

B71 AAlel 9ol By FUT O R AR 3hgHE 2-19] BE S 2-189] ¥R A AS AlQstas wLR A

AzE 2248 o3 AFUE 100 mA/cm?oll A 8.58 Vel AAZ BHylom, 1.97 Im/Wel ¥ &8-S Hols ~HEH]

47 AR 9o BF FUFOE AT BE 2-19) AL 2-109] HPTE AR AL A ehni A LA
& A,

AzE 224 o3 AFLE 100 mA/em?oll A 9.20 Vel AAZ Hglom, 236 Im/Wel % &85 HolEs 2~ E]
2 ¢l

<A 14> F-7] &F AAFe] A ZE

B71 AAlel 9ol e FUT O R AR 3HgHE 2-19] BE S 2-219] e R A S AlQetas wde A
A

Azd AR S AFEE 100 mA/em?ol A 8.18 Vel AAIE Bylor, 2.67 Im/We| 3 E&& Kol ~FEYo]

O

&7 Al 9ol M e FUST o= AHEE ShehE 2-19] B8-S 2-2569] StEE A8 AL Al ejstas A oAt

AzE 224 o AFUE 100 mA/em?oll A 6.79 Vel AAZ BHglom, 1.831m/Wel ¥ &85 Hole 2~ E]

B7] A 9ol e FAT R AHEE SR 2-19] 28 3-29] SRHEE AW AL Adetas TEY 2A4E
A #et 3T

AzE 2245 o3 AFLE 100 mA/em?oll A 8.91 Vel AAZ Hglom, 2.081m/Wel ¥ &85 Hole 2~ E]
#2 Ql .
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Z1 WA 78+ 747t H Ao 747, ?i, T 1-209] A0S @3heh BES gk YER JEY, g2, &
A7], d=A), opuler], WS walea H S EH R e ]2 o Foixl il_o—i%ﬂﬂ Ae = 1 o] o] A7) = 22
| RS gt ES gelras 21 S A2l SR UER, UER, S22, 7], A7), ofv]
7], B Wakea 2 AHR 2712 o) ol FoaiE MHEi- 1) oo AR/ 2 A9A e zna ) w
2 1-209] @8hra Be B 6-200] B @ehraR A g Hedr] e NS g an A9k g4
o] 3L

R1 WA R112 242} 592 o7 =4, X8 = vl $he] 7], 28 = v X 8k G5PA)7], 28 B v ) 8k &
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