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Synthesis and Characterization of New Indeno[1,2-b]fluorene-
6,12-dione Derivatives

Wang, Jing* Wu, Linlin Wang, Qian
(Department of Chemistry Chemical Engineering, Shangqiu Normal University, Shangqiu, Henan 476000)

Abstract Indeno fluorene-6,12-dione derivatives 5 modified by different alkyl substitutions were designed and synthesized
from 2,5-dibromo-p-xylene and phenylboronic acid derivatives through oxidation, esterification, Suzuki coupling, saponi-
fication and cyclization reactions. Alkyl chains of different lengths were introduced into molecules to improve the solubility of
the compounds and investigate the effects of systematic substitution variation on their properties. It was found that the
solubility, thermal and optical stability of the new compounds were better than those of pentacene. Compounds 5 have in-
creased electronegativities because of the low lowest unoccupied molecular orbital (LUMO) energies (< —3.4 eV). 2,8-
Diisopropylindeno[1,2-b]fluorene-6,12-dione (5b) and 2,8-dibutylindeno[1,2-b]fluorene-6,12-dione (Sc¢) have rigid molecular
frameworks and pack into slipped face-to-face m-stacks, the layer spacings are 0.3457 and 0.3423 nm, respectively. The
molecular packing could facilitate carrier transport. The properties of these new materials indicate that they are good candi-
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dates for applications in organic optoelectronics.
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A R IT R B, PR e, AFT R RERR, N
PRSI AR T AT RE. RGHE R T A T RISE
SRR, NENLIhRE S PRI ITHEME— @ 1TE S,
[ Hsf S L3 350 Al A S AT () AL SR TR
1 #R5i1t8
=3
LAY Sa~5d & BN, Scheme 1. HR4 SCiik
JyikRs61 0 Pl 2,5- RN T IR A R 4 AR IR A A
1, 5 R AR B ORAS B 2,5- TR R R
HIE2). ¥ HA M5 3,5-— R EIER(1a)f1 4-% 52
WER(b~1d) K4 Suzuki BN, =R ME LA
Y 3a~3d. LAY 3a~3d 7 514 BAR SR A SO ()

1.1

R2
R1 R? MeOOC
K,CO
+ Br roo—228
Pd(PPhs),
B(OH), COOMe
1a~1d 2
R! COOH R!
O~
R' HOOC R

4a:74.9%, 4b: 72.5%
4c: 73.4%, 4d: 72.8%

R2

R1

(0] R1
H,SO, R?
e e OG0
RN
1 1 R1
R (0]

% d4a~dd, H5HRKNGE HirST Sa~5d. (e
Y 5a~Sd AL G E A, BARL R, REusvm
TEAH B & DUSERRIRSEH 1A HLATH,
Talith, ZEMBLRAE =2, HIEHE, RN7ER
m, ARTREAK, AHLEYIEIRN T4 Tl
HE.
1.2 RiEM/R

AL B Sa~5d 75 S B 71 0 SR -1 DL
PO (B D AT L, D9 A IFE 295 nm PRI AR
B — AR ARSI, SR> TR SR - ERAE, 1
430~600 nm il P H B — MR 55 1 R A1 A S I AU,
HIHE AN T m-n BRI, (59 Sb~5d H
A AFALIR 28 A —m] DL A i, 356 B AN [ ) e i e Xof
T m AR R BNRLR9 FRATTHEIE STk 700,
S AT LR T T fe R I AT 06 P a0 5 S Ve LA B T
BRI R R 1). LAY Sb~5d I BRAR L BN T
AW 5a (R,

1.00 H

0.75 A

0.50 A

Normalized absorbance/a.u.

—=— b5a
0254 1 —e— 5b

+—5¢c

—— 5d

0.00

) ) )
400 500 600
Wavelength/nm

300

Bl1 &% 5a~5d (10 pmol/L)7E — 4 B FE(DCM)A Tt )

A -a] TR
Figure 1 Normalized UV-Vis absorption spectra in dichloro-
methane (DCM) of 5a~5d (10 pmol /L)
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Scheme 1 Synthetic route to compounds Sa~5d
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Table 1 Optical data, decomposition temperatures and electrochemical properties for compounds Sa~5d

TG Rl P2 AR A 2 B

Compound Aabs/NM

Ef/eV dem/mm T/ 'C Ex/N E/N  EL/V

Ex/V  Ex'/N  Enomo’/eV  Ewwmo‘/eV  E;/eV

S5a
5b
5¢
5d

495, 315, 293
508, 335, 295
509, 335, 295
505, 335, 295

2.25
2.12
2.13
2.14

590
610
625
617

390
345
385
400

1.69
1.70
1.69

1.51
1.53
1.52

—1.13 —1.54
—1.12 —1.53
—1.13 —1.54

—0.98
—0.95
—0.98

—5.91
—5.93
—5.92

—3.42
—3.45
—3.42

2.49
2.48
2.50

“Band gap was calculated by UV spectrum. ? Eyopo= —En™ —4.4; ¢ ELymo= — Eo’
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Figure 2 Normalized fluorescence spectra of 5a~5d (10 pmol/
L) recorded in DCM
Excitation wavelength of 5a: 400 nm, excitation wavelength of Sb~5d:
450 nm, slit width 5 nm
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Figure 3 Cyclic voltammograms of Sb~5d (0.001 mol /L)
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Figure 4 Thermogravimetric analysis (TGA) plots of Sa~5d
with a heating rate of 10 ‘C *min ' under Nz
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Figure 5 X-ray crystal structures of compounds (a) 5b and (b)
Sc
Red spheres depict O atoms and gray spheres C. Alkyl groups and hy-
drogen atoms have been omitted for clarity in packing.
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13C NMR f# Ff CDCl; (6 77.00)8 DMSO-ds (6 39.52)1E
#; ¥ 7E KER 3100-08S FE#HiRAE G LE; &
AT WL IS Agilent Cary 300 45 4h-W ISt
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2L AN REAE FH Bruker V70 8 37 2T 4G54 5B f4
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B, EE AR NI AT PA(PPhs)s (139 mg
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BN NHLCL 3, =& EE(10 mLX3)ZHY,
HIFANE I TKEREREE TR, I8, W4dd, H A
ik Al 1R 2 BE TR A VATV - V=60 : 1~40 : DIFEEE
FE BRI A 2 B4 at, 193] 900.9 mg A [ {4 3a.
A 3b~3d 38 AR ) S B i FE ) %

2,5-7(3,5- BRI X 2R T R — R (3a): 7
£ 74.7%. m.p. 174~176 ‘C;'HNMR (CDCls;, 400 MHz)
5: 2.36 (s, 12H), 3.68 (s, 6H), 6.97 (s, 4H), 7.01 (s, 2H),
7.77 (s, 2H); 3C NMR (CDCls, 100 MHz) : 21.3, 52.2,
126.1, 129.4, 131.7, 133.1, 137.7, 139.7, 141.0, 168.6; IR
(KBr) v: 3017, 2921, 1695, 1611, 1590, 1375 cm™!; MS
m/z (%): 402. Anal. calcd for CsH2604: C 77.59, H 6.51;
found C 77.61, H 6.50.

2,5-Z(4-S N EIR I R R —HBE3b): At
[k, 2% 72.5%. m.p. 150~152 ‘C; 'H NMR (CDCl;,
400 MHz) 6: 1.30 (d, J=4 Hz, 12H), 2.91~3.02 (m, 2H),
3.67 (s, 6H), 7.29~7.31 (m, 8H), 7.81 (s, 2H); '*C NMR
(CDCls, 100 MHz) 8: 23.9, 33.8, 52.2, 126.3, 128.3, 132.0,
133.0, 137.2, 140.8, 148.3, 168.5; IR (KBr) v: 3028, 2960,
2870, 1725, 1612, 1516, 1430, 1290, 1235 cm ™ '; MS m/z
(%): 430. Anal. caled for CysH3004 C 78.11, H 7.02; found
C 78.13, H 7.05.

2,5-Z(4-1E T R E) M R R W R(3e): H
il 44, P23 73.6%. m.p. 102~103 C; '"H NMR (CDCl;,
400 MHz) 6: 0.95 (t, J=8 Hz, 6H), 1.34~1.43 (m, 4H),
1.61~1.68 (m, 4H), 2.66 (t, J=8 Hz, 4H), 3.67 (s, 6H),
7.23 (d, J=8 Hz, 4H), 7.27 (d, J=8 Hz, 4H), 7.80 (s, 2H);
13C NMR (CDCl;, 100 MHz) J: 14.0, 22.4, 33.5, 35.4,
52.2, 128.2, 128.3, 131.9, 133.1, 137.1, 140.8, 142.4,
168.5; IR (KBr) v: 3031, 2960, 2865, 1732, 1713, 1610,
1485, 1437, 1278, 1232 cm '} MS m/z (%): 458. Anal.
caled for C;0H3404 C 78.57, H 7.47; found C 78.55, H
7.50.

2,5- (4B T BOR BN R R —HE(3d):
4K, 2% 71.8%. m.p. 233~235 ‘C; 'H NMR (CDCl;,
400 MHz) &: 1.37 (s, 18H), 3.68 (s, 6H), 7.31 (d, J=8 Hz,
4H), 7.44 (d, J=8 Hz, 4H), 7.81 (s, 2H); 3C NMR
(CDCls, 100 MHz) 8: 31.3, 34.6, 52.2, 125.1, 128.0, 132.0,
133.0, 136.8, 140.7, 150.6, 168.5; IR (KBr) v: 3024, 2960,
2860, 1724, 1713, 1522, 1430, 1385, 1275, 1220 cm '; MS
m/z (%): 458. Anal. calcd for C3H3404 C 78.57, H 7.47;
found C 78.59, H 7.45.

322 tubdh 4 d9hm

£ 100 mL 5 H B JEFEHHIMANEY) 3a (643.2

mg, 1.6 mmol), NaOH (256 mg, 6.4 mmol), 40 mL Z /Al
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4 mL K, INFAERIE R, I 75 25— 205 JE IR £
BRRA, AERCA AR, fhiE, TR, 193] 4484 mg H
7 da. (LAY db~4d JEI FRAHBA S5 R
%

2,5- (3,5- Z H R R )X K W R (4a): 7R
74.9%. m.p. 335~336 C; 'H NMR (DMSO-ds, 400
MHz) ¢: 2.31 (s, 12H), 7.00 (s, 4H), 7.02 (s, 2H), 7.60 (s,
2H); *C NMR (DMSO-ds, 100 MHz) ¢: 21.1, 126.2,
129.2, 130.7, 134.3, 137.4, 139.5, 139.6, 169.2; IR (KBr)
v: 3006, 2920, 2860, 2650, 1708, 1685, 1602, 1436, 1301,
1282, 1220 cm ™ '; MS m/z (%): 374. Anal. calcd for
C24H2,04: C 76.99, H 5.92; found C 77.02, H 5.93.

2,5- Z(4- S N B IR ER ) 0P R T HTER (4b): H A,
PR 72.5%. m.p. 297~298 C; 'H NMR (DMSO-ds, 400
MHz) §: 13.09 (s, 2H), 7.64 (s, 2H), 7.34 (m, 8H), 2.95 (m,
2H), 1.26 (d, J=4 Hz, 12H); *C NMR (DMSO-ds, 100
MHz) ¢: 169.1, 147.8, 139.1, 137.0, 134.3, 130.8, 128.3,
126.4, 33.2, 23.9; IR (KBr) v: 3023, 2965, 2865, 2625,
1701, 1680, 1600, 1484, 1430, 1283, 1244 cm™'; MS m/z
(%): 402. Anal. calcd for Cy6H2604 C 77.59, H 6.51; found
C 77.61,H 6.50.

2,5- Z(4-1E T ER N IR TR (4e): B K,
FEE 73.4%. m.p. 256~257 “C; 'H NMR (DMSO-ds, 400
MHz) §: 0.92 (t, J=8 Hz, 6H), 1.32~1.37 (m, 4H),
1.58~1.62 (m, 4H), 2.63 (t, /=8 Hz, 4H), 7.26 (d, J=38
Hz, 4H), 7.32 (d, /=8 Hz, 4H), 7.63 (s, 2H), 13.07 (s, 2H);
13C NMR (DMSO-ds, 100 MHz) 6: 13.9, 21.9, 33.1, 34.6,
128.2, 128.4, 130.8, 134.3, 136.9, 139.2, 141.9, 169.1; IR
(KBr) v: 3018, 2963, 2861, 2637, 1705, 1608, 1486, 1411,
1284, 1240 cm™ !y MS m/z (%): 430. Anal. calcd for
CsH3004 C 78.11, H 7.02; found C 78.08, H 7.05.

2,5- (440 T A~ HRR@d): AR,
FEER 72.8%. m.p.>300 C; 'H NMR (DMSO-ds, 400
MHz) ¢: 1.33 (s, 18H), 7.35 (d, /=8 Hz, 4H), 7.47 (d, J=
8 Hz, 4H), 7.63 (s, 2H); '3C NMR (DMSO-ds, 100 MHz)
0: 31.2, 34.4, 125.2, 128.0, 130.7, 134.4, 136.6, 139.0,
150.0, 169.1; IR (KBr) v: 30031, 2962, 2865, 26536, 1701,
1680, 1631, 1489, 1435, 1298, 1247 cm '; MS m/z (%):
430. Anal. calcd for CsH3004 C 78.11, H 7.02; found C
78.12, H 7.04.

3.2.3 Abdn 5 a9 R

1E 50 mL 2 LR FHEH A A ) 4a (411.4 mg,
1.1 mmol)# 15 mL KB, 7EZ M FHiFE 3 h JFEIAIK
KA, S I KB, AR5 K T A (RN Bk I 0 i
TFEHU NI, 08, FKBE R A IF 2 TR TR,
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33 311.8 mg £ (A& Ak Sa. 1bA4) Sb~5d K AL
S Ik PR ) 2%

1,3,7,9- V0 L B 3277 -6,12- i (5a): % 83.9%.
m.p. 395~396 ‘C; 'H NMR (CDCls, 400 MHz) 6: 2.40 (s,
6H), 2.59 (s, 6H), 6.89 (s, 2H), 7.21 (s, 2H), 7.71 (s, 2H);
IR (KBr) v: 3026, 2953, 2848, 1693, 1612, 1591, 1421,
1375, 1280 cm '; MS m/z (%): 339. Anal. calcd for Cps-
Hi50, C 85.18, H 5.36; found C 85.15, H 5.33.

2,8- SRR 25-6,12- i (5b): 4L (A 44k, 7
2 82.5%. m.p. 230~231 ‘C; 'H NMR (CDCls, 400 MHz)
d:1.28 (d, J=8 Hz, 12H), 2.92~2.99 (m, 2H) 7.38 (d, J=
8 Hz, 2H), 7.45 (d, J=8 Hz, 2H), 7.57 (s, 2H), 7.73 (s,
2H); 3C NMR (CDCls, 100 MHz) d: 23.7, 34.1, 115.6,
120.5, 122.6, 133.6, 134.3, 139.5, 141.4, 145.7, 150.9,
193.4; IR (KBr) v: 3055, 2953, 2866, 1705, 1615, 1458,
1381, 1362, 1248, 1224 cm '; MS m/z (%): 367. Anal.
caled for CysH2O, C 85.22, H 6.05; found C 85.19, H
6.02.

2,8- IE T 3B 3145 -6,12- W (5¢): 4004k, =
# 83.6%. m.p. 219~220 ‘C; 'H NMR (CDCls, 400 MHz)
5: 0.94 (t, J=8 Hz, 6H), 1.32~1.41 (m, 4H), 1.58~1.66
(m, 4H), 2.64 (t, J=8 Hz, 4H), 7.31 (d, J=8 Hz, 2H), 7.42
(d, J=8 Hz, 2H), 7.49 (s, 2H), 7.70 (s, 2H); 3C NMR
(CDCls, 100 MHz) 6: 13.9, 22.2, 33.3, 35.5, 115.6, 120.4,
124.6, 134.2, 135.3, 139.4, 141.2, 144.9, 145.7, 193.3; IR
(KBr) v: 3053, 2965, 2865, 1714, 1608, 1454, 1364, 1257
cm '; MS m/z (%): 395. Anal. calcd for CosHy602 C 85.25,
H 6.64; found C 85.27, H 6.60.

2,8- RUT LRI F 47 -6,12- i (5d): 4Lt [ 4k
FEE 81.8%. m.p. 328~329 C; 'H NMR (CDCls, 400
MHz) §: 1.35 (s, 18H), 7.46 (d, J=8 Hz, 2H) 7.57 (d, J=8
Hz, 2H), 7.73 (s, 2H), 7.74 (s, 2H); '*C NMR (CDCls, 100
MHz) 6: 31.1, 35.1, 115.7, 120.3, 121.8, 132.2, 134.1,
139.6, 141.0, 145.6, 153.3, 193.5; IR (KBr) v: 3026, 2953,
2918, 2848, 1732, 1600, 1432 cm'; MS m/z (%): 395.
Anal. calcd for CsH60, C 85.25, H 6.64; found C 85.26,
H 6.65.

HBh# RL(Supporting Information) {454 3~5 [
HEEI T . 5b Al S BB A B LUK Sa~5d BTl X
Sl AT DL A B MAS T X 33 (http://sioc-journal.cn/) b R
.
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