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1) fedoldl 10 g (59 mmoD) ¥ R 2R EHEEH 2 8.04 ml (88.6 mmol)S HE#dto] =2 F & 100 mldl] &3iA) %]
H, Egelgoldl 12.4 ml (88.6 mmolS H7Feb3ith A A7] 73l Al 5AIZF wlnkgk H = E—’F% = wﬂ%% —ir%é}
°ﬂE‘r %?ﬂ 715 2 d-d/H Egste| =2 Fe = 1512 AP R e 7, WA xste] 33kolul 12 g (58 90%

2) A7) DA A ol 313E (12.0 g, 56.3 mmol) S AA = THF 100 mlel] 391

o] & -78 C= ¥Z13k & n-Buli
(2.5M #2Hg-4, 22.5 ml, 56.3 mmol < 3] A7lst . &Y &% A 30 #1F ket £ 3t 2-F R 2-9-5F
285z (12.1 g, 56.3 mmoD= 7Htith. & 1=l A 40 24k ﬂ&‘& T JeoR evs &9 3 A7 Y ankslglth
Frg FRe|E AR NFE TR F AN FESH 72T ORTH PR algo R &5
AAG F 7] Sl AASATE oA LA E o el BAEAIA sE e ket & o star W F Axste] F3F
222 100 mle] oA EAbS] HakA1 7] F [ G2k 10§ 7}6 ] Atk Aol mAE of 35t

4
ABLE NI - A5 A% 20 g (97 % 9] o112 DLk, MS: [M+

w
(o))
(o))

KAz 2> 38k bR FA Y= SUEA A F
3}3sh2] a (8.23 g, 22.5 mmol) exuy=etdl (11.4 g, 45 mmol), 84F ZHE (6.22 g, 45 mmol), 2 L =3}+8](214
mg, 1.13 mmol) 2 AL (25 )% A B 7] sl WAl 715t Aoz Y3k & A ES o g oAl o]
ER F&ota F3Avay 2 FEE AAG 5 28t Sl A SulE AASS T 4t &ul & AREShe] A gbA
AYL EHAA SFFES FL F = 72 stoll A AAS L AF A2AA 3= b (5.2 g, 47% 78)S AT M:
[M+H]" =493.

Hi>o—ﬁ9
105

<A o 1> 3}8h2] 3-256% FA|H = 3= A%

1) 8}8h2] 3-2562 ®AIE = e S Alxst7] 9lg ofd ofvl 4 (4-(NN-tj#dopn| o) -v] g d-N-# do}l): 4-
S22 ]‘é N,N-t#doldl 4.00g (11.2 mmoD ¢} o}d & 1.13 ml (12.4 mmol)& EF<l 100 mlol &A1 7], YE
F-HAY-FEAo|= 2.70 g (28.1 mmol), H] =t @l A g dlopA| EZ2E(0) 0.13 g (0.23 mmol), 50wt% E& -] A ¢
~HE A~y Eq &9 0,17 ml (0.34 mmoD)S H 713k &, 5 A|F Fot A4 7R/ sholl A SFsiT vhs SN S/
WSS T8A7]A f7] T8 FEF T m2g-ai/HEgslo| =2 % = 10/1 = A5 F2% $, 4

=

ko] o} opil A A7) (3.8 g, & 81%)= AUt MS: [M+H]* =413.

o~ =
_,__41/:1—11
o
G

2) 832 b 4.369 g (8.88 mmol) <t 4-(N,N-t] 5 do}n] :2)-1] 5 d - N-s Do}l 4.414 g (10.7 mmoD)S Sl 120
ml o §3A17]5L, HEF-HAM g -F-5A}o]= 2.90 g (30.2 mmol), vl =t d g dlopAlEZ25(0) 0.12 g (0.21

mmol) 50wt% EE] BAg-FEd ¥~ EF4d 84 0.16 ml (0.32 mmol)S H7}3 &, 2 A7+ 52 A A 75 kol A
FoATh WS S THTE QL HHES TEAVIL 77] T& FESIAUC 20— 6“4/E11Ea‘ro}°1ﬁivﬂ =9/
1 2 A9 3§ Afole 2ol ukek 5 g x5k 318k 3-256 (5.2 g, & 65%)5 AT MS:

[M+H]"= 869.
<AA o] 2> 88t 3-2598 FA W= 3= A%
1) 8}8h2] 3-259% BAIHE 3HE-S A x3H7] 998 ofd ofvl A (4-(N,N-t]Hdo}u] o) -u] # Jd-N-n] #| J o} 1):

4-F2 20 Hd-N,N-t] g d o}l 8.80g (24.7 mmoD) <} 4-oFr]:=H]#Hd 6.28 g (37.1 mmol)S &< 200 mlel £-3)
A 713, YEE-HAME -F-5A0| = 5,94 g (61.8 mmol), ¥ 2=t @ 2] dlopA &2 (0) 0.43 g (0.74 mmol), 50wt%

Eg- EV%E] FEx Ay EFe 84 0.61 ml (1.24 mmoD= H7FsE 3 5 A|ZF <k A4 7157 sholl A skF-sF T vhs
fdlo] Z2{HFE Y Jh8S £3 A7) 7] T F=59 Y. =28 dlxk/EJ]Ea}o}o]tgva} =10/1 €= Ay &
23k T, Aol e 2ol wRke 5 2F AZ5ke] o} ofvl AA 7] (7.0 g, & 58%)F AUtk MS: [M+H]™ = 489.

2) 3}82] b 4.37 g (8.88 mmol)g]r 4=(N,N-t# dopn| i) -H] ] d -N-#v] # d o} 71 5.23 g (10.7 mmoD) < =<l 120 ml

o gaA7] 1L, YEF-HA I -F-EAo]= 2.90 g (30.2 mmol), H]*Tﬂ ‘?ié]ﬂ dlotbAl &2 25(0) 0.12 g (0.21 mmol),

50wt% EEl-EHA g -FE ¥ 28 EF4d 89 0.16 ml (0.32 mmol)= H7}38F 5 2 AIF Fot A4 715 Ffoll A &7

o Qg &) FHTE YA IS TEAVIA FU] S5 zxo}oﬂ‘jr rad-d/HEDGsto| E 25 =9/1 iR
3

[e}
Ay B3 5 Afole 2ol wikdl ¥ AF Az 34814 3-259 (5.4 g, & 64%)2 AATH MS: [M+H] =943,



==

s =53] 10-0642996

<AA o] 3> 8eta] 3-276% T HE 3= A%

1) 848t 3-276% FAH = stES Alxst7] g ofd ofdl 4 (4-(N-#d-N-tpz g oln| 1) -H| | d -N-H| H|
oftl): 4-S 2 2H| A -N-dd-N-1}Z2€o}7 4,08 g (10.1 mmol) <} 4o} =n]#Hd 2.55 g (15.1 mmoD)S &F<l
100 mlol &34A17) 22, VEF EV%E] REAlo]= 2.90 g (30.2 mmol), v] ATl d gl dlopA| EZ215(0) 0.17 g (0.30
mmol) 50wt% EE - EW\%E] Helx~d 5249 €9 0.26 ml (0.53 mmoD& 713 3 7 A|7F 5o A4 757 3ol A

Folglth vbS & o] T/FITE YA WSS TEAVAL 7] T& F=5I3T. “E“L AL Egfetol R e =
10/1 = A 2 5, Aol 2ol wRkek ] 13 7 xske] o} ofwl AA7] (3.8 g, & 7T0%)E AATEH MS:
[M+H]" = 539.

2) 3}34] b 4.369 g (8.88 mmoD) 9} 4-(N-3d-N-1}Z g obn] ) -u] #d -N-H] # d o} 5.76 g (10.7 mmol)S EF4l
120 ml o] 817122, YEFE-HA 2 -F-EA}o]= 2,90 g (30.2 mmol), Bl &=t ¥l A g dlob A E22H45(0) 0.12 g (0.21
mmoD 50wt% EFJ EWFJ Bexzay 57 & 0.16 ml (0.32 mmoDS H7F8H 5, 2 A7k FoF A4 7157 sholl A
HeS TRAZIAL #7] S5 T3 iém @W/EﬂEa}é}owi%a} =9/
1 %UHE Ziﬂ“é Lﬂ??l -, "4 I OﬂEﬂioﬂ ek 5 g Azt 884 3-276 (4.9 g, & 56%)E AJth MS:
[M+H]"= 995.

<A 4> f77] g Aape] Al x

ITO (indium tin oxide)7} 1000 A 2] T2 vtat I8 F2] 7] (corning 7059 glass) & AAIE 590 SHTol ¥l
ZS 32 A F3sF3 ). o] u AlA| 2+ Fischer Co. 9| A &S AFE3F¥ o S/<9=2+= Millipore Co. A%< Z¥ (Filter)
2 22t% A2 SRTE ARESAT ITOE 30 &3 Al A e 5, /2 2 3] WHasto] 253 A13& 10 &3 218 s}
ST S AE o] B F o] R ZRAAF, oA, vl SO SAIR 2E I A St A=A Fept A
7= Ol’“/\]*‘ﬁ} T3k A E et =ntE o] &-31o ’%71 7195 57 A4 AT T A SRV 7S o] FAI AT

719} o]l R E ITO £ A= 9o 517 3}e4] 9 3d&
hexaazatriphenylene: ©] 8} HATZ} 3H)2 500 A9 FA= &
Bk =

-
g ’;‘io}ﬁ 11O R ‘32 NG f71=& 7HHe F5&

[HAT]
CN
' /%/C:N
NC:/“\N\ LN
NG N N
Ne# CN
CN

A7) & 9ol A7) ek 3-2569] 3EtE (400 A)% AEFsaeto] A3T-E55S 3
Alg3E 300 A9 FA=Z AF "ﬂo}ﬂ e ] 3171
o] FAR F&s AAFETS A o}Oﬂlﬂr

za
ox
>,
2
o
>
N

of
ofji

[ =41
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HESF2go|=+= 0.3 Afsec,

, o=
1~3X 1072 %4

1

g

719l AR ANA F71ES] FAEEE 0.3~0.8 A/sec®E FA 33T

Foict.

S
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e
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18k A FUE 100 mA/cm2ol A 4.54 Vo] A A

BEE QL) o) 9} o] A7) 4]
A7) 3hek2] 3-2569] 35t

g

&
%

AZH Aoz
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o
Eavs
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X+= C E+= Siolal,

z1 72 73
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)
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S ZHE Ay
Ad77], dF A7) D opn| V]2 o

SYH0E 27 WBS Biea UER, UED, B2, 927, $547] @ obr) s 2 o] Fol 7l
7 Wk gkl 27 SlH 2 sl B YER YES S22,
= 1) ol 49 A §7) 2 A g4 27} el 3¢ 7)ol
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lo
o
o
M
-{mtff
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&A1 7] O}Hliﬂ WS gspea o EﬂEﬂi Lﬂ 7li o] o1l %liif'rﬂ A=
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21U 245 A2 SUAOE S WAl 17200 AWF WAL 4HT B fa Y, Umd, B2, 9
1 )
7]

6]—1 %ﬂ' ’ H 6 h ==
WEFS ©ahaea B EH R 7|2 o] Fof3l ?OETH **E”—ﬂ = 17H gl A= A de ]Eﬂii’ﬂﬂ g
B 6-209 BHE ST ADE E AV B BIF Bs ABE H2]0lw

{

R1 A R4 9 R6 UIA] R13E 27t B4 02 54, A8 £ 0208 $27), A8 Ex w88 2247, A8
= AEE g7], A8 EE H A8 o}dy), A8 i A8 ofd ojwly], A8 wi v A8 dE = 1],
shrer], JEDY), YERY], &2a], ohv=7], o 2H 272 o 2ol7 2ol A AeEu, o7]4 o5& A= dxe
o) AnE wE de e $3 wgE 948 5 A,

R5E 42, A9 B w] A2k 227, A9 mi= 0] X GhEl Alo] F2 7], A $ i u xSk U], 23w )

A3 obe 7], i A e 0] A8 e 1] 7] 2 o] o] xl el 4 AElH

o] 7|4, R57F o} 7] B dlH 2 318]7]9] A%, o} = sl & a18] 7] 9] 2 24 (ortho) $1A19] 49} R4 B+= R6+:=
0, S, NR, PR, C=0, CRR' SIRR'Z o] Fo]x Fol|A] AelE = 7|9} 34 2318 E JAHET = 9dor, of7]4 R L R'E
Zp7y S PA O R Fa, X F s X $E G T], A3 e XS G, A3 Ee Hlxl@lﬂ AAD7], A3 &
= v A3k }3‘71 1§JBEE H X 35 o}d o}Hl 7], X3 = H| x| 3He &|H| = 11 7], YEZHY], ofn|=7], o ~H =
712 o] Fol 3l el A M EaL, o714 R¥Y R'= F3HaelE FAste] 292 s5tEs 3 *é% T Atk
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A1l Lol A, 7] gtekA] 1 5 RE7F o 7] B SlEl 2 are] 7]l ARl 718 d a4

T 3.

9 2)9] EFA9F R4 == R6E 0, S, NR, PR, C=0, CRR!, SiRR' (63714, R @ R'= 3134
Foi7l oAl A= 7)ok A Sl E st A Frrldg Atk

A2l Aol A, 7] 518k 1 5 Ro7F ok 7] = EllEH & argf 7]l 7] obd = S H 2 a12] 7] 2 24 (ortho)
1ol A o) gh upe} Aeh = o]

AT 4.
A1l Lol A, 7] gteka] 19] 8tet&o] ab7] 3hsh4 2 WA 318h4 119 T o = shuel A 77 Ed 24}

(5812 2 14 81814 119)
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