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Synthesis, Characterization and Properties of
N,N'-Bi(2-pyridyl)-1,6,7,12-terta(4-tert-butylphenoxy)-perylene-
3,4:9,10-tetracarboxylic Diimide

WANG, Hong-Yu PENG, Bo WEI, Wei*
(State Key Laboratory for Advanced Photonic Materials & Devices, Department of Optical Science and Engineering,
Fudan University, Shanghai 200433)

Abstract The synthetic methods of N,N'-bi(2-pyridyl)-1,6,7,12-terta(4-tert-butylphenoxy)-perylene-3,4:
9,10-tetracarboxylic diimide were optimized. A simple and effective synthetic method to substitute at both
imide and bay positions was gained. The structure was investigated. And its optical and electrochemical
properties were studied in both solution and thin films. And the theoretical calculations were also carried out
regarding the energy levels and electron distribution.
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1.1 YEFFRF

FT A A R AZ G S Y i Varian Mercury Plus
400 AU RZRESLIRA (400 MHZ) WA 4R Ah—1] W BOG i
F1 Shimadzu UV-3150PC A1 5 4h—1] WG A, 2
RIHGHEH Shimadzu RF-5300PC 2 %€ )it % A i 45
ZEROI TR 2347 43 1) i Shimadzu DSC-60A 28443
HHXFT Shimadzu DTG-60H #E 3 HT A INAF, FHifid
¥ 10 °C/min, K AT NE HAR 2 h 2l
Eco-chemie AUTOLAB.PGSTAT30 4 H 4k, 2% 43 #r A3 ]
13; JCEHTH Vario EL 1HI(CHNOS) 7G40 HH i £
AL AR 2T AN E 7E Shimadzu TR prestige-21
LA G AT, BT R AR L35 35 ok 2 dr 2l
RS
1.2 ERRE%—

121 NN-=3RT#-1,6,7,12-v9 R.-3,4:9,10- ¢ Bt L fiz(2)
7£ 250 mL XEUEH A 1,6,7,12-PU5(-3,4:9,10-3E
T PRET 1 (5.0 g, 9.45 mmol), # Cf%(10.8 mL, 95 mmol)
M (100 mL), fERVRS TN 8 h, v213
i, B 200 mL K, HiEdE 1 oh, AL EaE AT,
&, ARSI G, T8, HEET 5 Eita
(Si0,, CH.Cly) 13 | #5 k) K, /3% 70%. 'H NMR
(CDCl3, 400 MHz) §: 8.62 (s, 4H), 4.98~5.08 (m, 2H),
2.4~2.6 (m, 4H), 1.70~1.75 (m, 8H), 1.3~1.6 (m, 8H);
IR (KBr) v: 1702, 1660 (C=0) cm ™.
122 NN-=3f & 4 -16712- (4R T £ X &
#)-3,4:9,10- it BL I Sz (3)

7 150 mL X N NN'- 38 0L 3-1,6,7,12- DY
#-3,4:9,10- LBV % 2 (5.3 g, 7.6 mmol), KR LA}
(9.75 g, 65 mmol) 1 9 g Jo7K K,COs, #RJi5 FH A N-F
HERE eI (NMP) (80 mL), &GRSR, In#d] 130 C
N8 h, AHIB =, AR5 58 4%15] \ 500 mL 10% (p) 1)
R, vk, JEOREG R T, TR, R
BEHR4(SIO, CHLCly) 73 B 40 (k) K, 7= % 75%. 'H
NMR (CDCl;, 400 MHzZ) &: 8.18 (s, 4H), 7.18 (d, J=8.8
Hz, 8H), 6.82 (d, J=8.4 Hz, 8H), 490~5.02 (m, 2H),
2.4~2.6 (m, 4H), 1.82~1.87 (m, 6H), 1.3~1.6 (m, 6H);
IR (KBr) v: 1702, 1660 (C=0) cm . Anal. cacd for
CreH7N,Og: C 79.55, H 6.85, N 2.44, O 11.15; found C
79.61, H 6.95, N 2.37, 0 11.04.
123 1,6,7,12-m9(4-8 T AR AK)-3,4:9,10- 1t —BLEF(4)

£ 500 mL XU In A NN'-—3F £&.3E-1,6,7,12-PU
(4-BUT FEIRAAHE)-3,4:9,10- 461 % 3 (5 g, 4.4 mmol),
KOH (30 @), 4&J5 FinA 15 mL 7K Al 350 mL 5 N RE, &

AP PR 3 d, KOV A A Ry gk, ¥
HIF =0, BN 400 mL 10% (o) ER RIS, SR )5
A 80 CHLFE 30 min, VHIFRE, Uk, KR E,
T4, RN B H4(SI0,, CHLCly A7 i)/ 2R 20
R, 77% 50%. '"H NMR (CDCls, 400 MHz) 6: 8.23 (s,
4H), 7.29 (d, J=8.8 Hz, 8H), 6.85 (d, J=8.8 Hz, 8H), 1.32
(s, 36H); IR (KBr) v: 1780, 1740 (C=0) cm *. Anal. calcd
for CeyHss010: C 78.03, H 5.73, O 16.24; found C 78.09, H
5.72, 0 16.19.

124 NN-=(2-vt72 3£)-1,6,7,12- W (4-8 T KL K &
#)-3,4:9,10- it Bt I 2 (5)

#£ 100 mL XUFURH A 1,6,7,12-DU (4-50 T FeoR 4,
3£)-3,4:9,10-FE FRET 4 (1 g, 1 mmol), 2-ZFLnttnE (376
mg, 4 mmol) Al Zn(OAc), (100 mg), X J& A 30 mL i
Wbk, 7RV R InFAE] 180 TRV 8 h, N ZE WG
AHIB S, BN 100 mL # bRy, b ug, 43 FH KR
LR PEIEDE, T, FEENT 73 25(Si0,, CHLCl) TS
FILLEH A, 2% 85%. 'H NMR (CDCls, 400 MHz) §:
8.65 (d, J=1.6 Hz, 2H), 8.23 (s, 4H), 7.9 (dd, J=2.8, 7.2
Hz, 2H), 7.4 (dd, J=2.6, 5.2 Hz, 2H), 7.35 (d, J=7.6 Hz,
2H), 7.29 (d, J=8.0 Hz, 8H), 6.85 (d, J=8.4 Hz, 8H), 1.32
(s, 36H); *C NMR (CDCls, 400 MHz) ¢: 163.69, 156.33,
153.06, 150.20, 149.51, 147.59, 138.71, 133.39, 126.87,
124.36, 124.33, 122.66, 121.14, 120.44, 120.11, 119.58,
34.57, 31.05; IR (KBr) v: 1710, 1671 (C=0), 1589, 1504,
1435 cm *. Anal. calcd for Cy;HesN,Og: C 78.15, H 5.67,
N 4.93, 0 11.25; found C 78.17, H 5.64, N 4.90, O 11.29.
1.3 EE{EZ
131 NN-=-(2-vk72 3)-1,6,7,12-v9 #.-3,4:9,10- it Bk
I JE(6)

£ 100 mL XS A U523 ERT (2.65 g, 5 mmol),
2-5 KLk IE (3.76 g, 40 mmol), Zn(OAc), (0.92 g, 5 mmol)
150 mL HEMEK, 7EEVTORYT T IN#E] 180 C W 24 h,
SN EER G B =W, BN 100 mL FdhEd, g,
I3 /KA O S S e g E, T, 73 2 SRk
Y. KPP PIANEE T8 WA WL A, A A PR Bt
175 i e A,

132 NN-=(2-#t72 2£)-1,6,7,12- W (44 T KL K &
#£)-3,4:9,10- ¢ Bt I 2 (5)

& 250 mL XSO o N NN = -(2- it g
%£)-1,6,7,12-PU%-3,4:9,10- JE W W i kL =4 6 (3 g, 4.4
mmol), 4-§ T IEZE/Y(7.2 g, 48 mmol), K,CO; (4.6 g, 33
mmol) Al 120 mL N-FFIEREIELEmd, 75 &SRS Nk
£ 100 C MY 24 h, [NV 25 G4 EI B0 S0, B R
b, kg, o B KFD 20 R S e s, T, kR
JEFTAr B5(SIO,, CHCl) R4tk K, 7% 60%. H
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NMR (CDCl3, 400 MHz) §: 8.65 (d, J=1.6 Hz, 2H), 8.23
(s, 4H), 7.9 (dd, J=2.8, 7.2 Hz, 2H), 7.4 (dd, J=2.6, 5.2
Hz, 2H), 7.35 (d, J=7.6 Hz, 2H), 7.29 (d, J=8.0 Hz, 8H),
6.85 (d, J=8.4 Hz, 8H), 1.32 (s, 36H); *C NMR (CDCl;,
400 MHz) &: 163.69, 156.33, 153.06, 150.21, 149.51,
147.59, 138.71, 133.39, 126.87, 124.35, 124.33, 122.66
121.14, 120.44, 120.12, 119.58, 34.58, 31.05; IR (KBIr) v:
1710, 1671 (C=0), 1588, 1504, 1434 cm *. Anal. calcd
for C7sHeN4Og: C 78.15, H 5.67, N 4.93, O 11.25; found
C 78.18,H 5.61, N 4.89, 0 11.32.

2 HR5IR

2.1 ERSFME
I3 IR FH P ROR R 5 ik 46 T BARME A 5.

9, KH TG IOV i 2 — (LK 1), ILI%QE@WH_
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N,N'- - -(2- ik g 3)-1,6,7,12- DY 52-3,4:9,10- £ 1 V. fi% (6)
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A LA 4B T IR A bay {7 5 & N A3 E] H AR
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UFIHERRE. B LR S N IR A PR R, i i P
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7.9, 7.4, 7.35 Kb g T JE T e S EA AT R, 40
HMGTHE R AL B 1710, 1671 om 1@ T AEFR AU
1589, 1504, 1435 cm SRy F-nibme AR ol T8 R v
S HT(TGA)FI ZE 83 M (DSCYIF 9 T AL &4 5 W fE
(N U, H83% 10 C/min). TGA it 4s R £,
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LI oA 5 W I B BB AR, Rz
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Figurel Thefirst synthetic route of compound 5
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Figure2 The second synthetic route of compound 5

2.2 FEFME

BF AL T AW 5 AR E — ST e
R AN T ORI TE A I L 3 R,
&) 54 = AMEREN % 454, 541 A1 586 nm, 435115
NTF Sy Sy Al Sy S, IITRBNERES. L3RI M 5%
10 " mol/L 34 m%| 7X107° mol/L I, Wt gE sk, JIf
HWR e kA T LA KN RS, SEmASAHE,
AW TR 8, 1K B T[S R SRS WL Pu 4 i B
FERER KT 5 R Y, NE 4 el LLE H, BEEWRIE
B, AW 5 MO ERREE SRS B, JFH R4
IR, I TR B K R B TR, fEEA
SERARN DG, £ 1072 mol/L W &E R, M1k
HW) 5 B9 RN 0.85.
2.3 HUF4HEFMHE

TR MR TAEY 5 KIEARAERL.
b 2 AR 2 7E 0.1 mol/L (19 DU T KL N R W R Bk
(N-BUsNPFo)- £ i (SE 598 i 28 iy 2B TR AL 30 min)
BEAT I, HHEE RN 20 mVis. 4122 il B R,
AQ/AGNOs AR R ZLE R, A 5 3R B Al ok T AR
W (Bt FR AR BRI A 6, 233 1 um R 0.5 um 1] AlLO3
Wk fESIAT EIOC R BRI, At % ).
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Figure 3 The UV-Vis absorption spectra of compound 5 in
CH,CI, at different concentrations (mol/L)
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Figure 4 The EL spectra of compound 5 in CH,Cl, at different

concentrations (mol/L)
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Figure5 Cyclic voltammetry of compound 5
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Figure 6 The electron densities distribution of HOMO and
LUMO of compound 5
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