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Design, Synthesis and Properties of Indacenodithiophene Derivatives
End-Capped with Azulene
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(“ College of Chemistry and Materials Science, Shanghai Normal University, Shanghai 200234)
(®Key Laboratory of Synthetic and Self-Assembly Chemistry for Organic Functional Molecules, Shanghai Institute of
Organic Chemistry, Chinese Academy of Sciences, Shanghai 200032)

Abstract Two isomers of azulene and indacenodithiophene (IDT)-based compounds 1 and 2 were designed and synthesized,
according to the different connections of azulene unit with IDT through its electron-rich five-membered ring and the elec-
tron-deficient seven-membered ring, respectively. The UV-Vis spectra, electrochemical properties and proton-responsive prop-
erties of 1 and 2 were studied. Compounds 1 and 2 show obviously different physicochemical properties and device perfor-
mance of organic field-effect transistors (OFET). Both compounds 1 and 2 have reversible proton response characteristics. The
end absorption peaks of these two compounds are between 400 and 600 nm before protonation. With the addition of trifluoro-
acetic acid (TFA), the absorption peaks are red shifted to 550~850 nm. When they are protonated fully (TFA volume ratio is
about 1%), they are red shifted about 200 and 177 nm, respectively. The color of compounds 1 and 2 in dichloromethane solu-
tion before protonation is red after the adequate protonation. It turned to blue and returned to its original color after the addi-
tion of triethylamine. OFET thin film devices of 1 and 2 showed an order of magnitude difference, with hole mobilities of 4.14
X107 and 1.05X107° cm®V 'es™!, respectively. The different connections of IDT and azulene units through the electronic
rich five-membered ring and the electronic deficient seven-membered ring of azulene greatly affect the materials’ device per-
formance as well as their physicochemical properties, providing valuable insights for developing azulene-based novel organic
functional molecules.
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Figure 1 Chemical structures of compounds IDT, 1 and 2
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Figure 2 'H NMR spectra of compounds IDT, 1 and 2
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Scheme 1  Synthetic route of compounds 1 and 2
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Figure 3 Frontier molecular orbital energy levels and electron
cloud distribution of compounds IDT, 1 and 2
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Figure 4 (a) UV-vis absorption spectra of compounds 1, 2 and IDT in dichloromethane and in thin film; (b) cyclic voltammograms of
compounds 1, 2 and IDT in dichloromethane (supporting electrolyte: 0.1 mol/L Bul NPF; , reference electrode: SCE, scan rate: 100

mV/s)
1 B, 2 IDT K6k, A2 A Ee T SR
Table 1 Optical, electrochemical and DFT calculation data for compounds 1, 2 and IDT
Amax/
Compd. T Enomo®/eV Eromol/eV Ef/eV Enomo’/eV Enomo’/eV
Sol. Film
IDT 346, 365 349, 369 —4.71 —1.52 3.19 —4.98 —1.23
1 525 551 —4.66 —2.63 2.03 —4.70 —2.25
2 518 538 —4.77 —2.71 2.06 —5.01 —2.35

“ Calculated from Eyomo (6V)=—4.44— Eq\ ™™ (calibration by ferrocene). ” Estimated from Epymo (eV)=Enomo 1 E,. © Estimated from the onset absorption of the

thin film. ¢ Estimated from DFT calculation.
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Figure 7 XRD patterns of thin films of compounds 1 (a) and 2
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Figure 8 AFM images of thin films of compounds 1 (a) and 2
(b) without annealing treatment
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B ROB ) 100% BEER , SIS RE S THER £
130 C, JXM 20 min. MR E 2 5 HE EIA VKK,
30 mL HIZRAEEL 3 Ik, AHANUE, KA EHEENT
(VA B @ MZBRZED)=10 © 117 BE 4 AR 4K 880
mg, FF 76%. mp. 110~111 C (it mp. 1155~
116.5 “C); '"H NMR (400 MHz, acetone-dg) &: 9.69 (s,
1H), 8.03 (d, J=10.0 Hz, 2H), 7.36 (t, J=9.8 Hz, 1H),
7.15 (dd, J=10.0 Hz, 9.8 Hz, 2H), 6.76 (s, 2H); *C NMR
(100 MHz, acetone-dg) 6: 167.64, 140.61, 131.49, 130.67,
123.98, 103.19.
3.2.4 2-iBAKH(S5)89 4 A%

S CHR[8]. KL A1) S4 (144 mg, 1.0 mmol)iE T
30 mL FZEAR, i\ = IR1LEE(836 mg, 3.0 mmol), AR
WRERE, A SR ERE AT H, SRS 90 C/R2 h,
FeBNRAEI =R, AR RN EK, F 30 mL
HORZEEL 3 Ik, B FFA N, K485 BT [V
BK) @ M(CBR CTR)=20 : 115 SR G 1E 147 mg, 7~
E 71%. mp. 100 ~101 C 1t mp. 1042 ~
104.8 °C); '"H NMR (400 MHz, CDCl) 6: 8.25 (d, J=9.6
Hz, 2H), 7.63 (t, J=9.9 Hz, 1H), 7.35 (s, 2H), 7.23 (dd,
J=9.6, 9.9 Hz, 2H); *C NMR (100 MHz, CDCl;) 6
139.84, 137.27, 135.24, 127.48, 124.55, 118.75.
3.2.5 2-#HA-1,3-F R = TER(S6) 49 4%,

S HR[12¢]. # LBEER(0.972 g, 14.3 mmol)iE T
20 mL oK 4B, IMANEHE L CHE(1.78 g, 1.57 mmol)
T EikEmih. % S2 (1.0 g, 7.14 mmol)iFT 8 mL JE/K
CEEF, VKB NERHINE R BAER T, AR
BEART 5 °C, WinTEaEER FHFERM 4 h. KB
ZEHE I 60 mL 7K, F 40 mL &% 3 Ik, &HFF
MU, 465k ENT[VCATNMER) @ M(CBR BR)=5 @ 1]
SR 1.23 g R A A, 7% 61%. m.p. 91~92 C
(1it.1"** m.p. 93~94 C); 'H NMR (300 MHz, CDCl;) ¢:
9.15 (d, J=10.3 Hz, 2H), 7.80 (s, 2H), 7.56 (dd, J=10.3
Hz, 9.4 Hz, 2H), 7.44 (t, J=9.4 Hz, 1H), 4.47 (q, J=7.1
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Hz, 4H), 1.48 (t, J=7.1 Hz, 6H); *C NMR (100 MHz,
CDCl;) 0: 166.52, 162.41, 146.05,132.83, 132.58, 131.34,
99.68, 59.81, 14.65.

3.2.6 2-@H-6-1%-1,3-F — KR = CTE(ST) 49 & &

2% Hk[12d]. LAY S6 (2.87 g, 10.0 mmol)iE T
50 mL &40, VKEEE TSI T 10 mL &7
Br, (1.61 g, 10.1 mmol) | R+, TREFA R
T0 C. WINgs WG TEVKERE T RBL 20 min, 50K,
HAATHE 2 iR, HEFE R 30 min. J W45 5 5 A
200 mL 7K, H 150 mL S&UGAHL3 X, & FANUHE, W4d
JERE RN VR B @ (LR LHR)=5 © 115 B8R
EAR 3.6 g, 77H 98%. m.p. 158~159 C (lit.!"* m.p.
160~161 ‘C); '"H NMR (400 MHz, CDCLy) J: 8.79 (d,
J=11.7 Hz, 2H), 7.78 (s, 2H), 7.77 (d, J=11.7 Hz, 2H),
4.44 (q, J=7.1 Hz, 4H), 1.45 (t, J=7.1 Hz, 6H); *C NMR
(100 MHz, CDCl;) 6: 166.14, 162.23, 144.14, 135.17,
129.28, 128.27, 100.83, 60.04, 14.59.

3.2.7 6-i%-1,3-3 —# B — TER(S8) 49 & A%

22 Hk[12c]. tb&9 ST (2.0 g, 5.46 mmol)ia T
300 mL 5N HFAH, IMAKRIRER(535 mg, 5.46 mmol)Fll
X Y600 mg, 5.45 mmol). FHEHAE RN, H
AN SR IINVE T 200 mL A ONFR X 2K
(11.20 g, 102 mmol). 55— IMAHET 200 mL —
AN LAY R S TG (12.5 g, 107 mmol). SR 7E %R
T[] R A5 N B R AR R R, TR AR AT
. M 4 hJ&, M 500 mL 1 mol/L EAREREN K,
F1 300 mL IE CheREHL 3 ¥k, A IFE VM, W46 EHENT
(VA @ (& TR =1 17 SR 0K 1.8 g,
P Z 93%. m.p. 199~200 C (lit."*! m.p. 206~207 C);
'H NMR (400 MHz, CDCl;) §: 9.49 (d, J=11.2 Hz, 2H),
8.81 (s, 1H), 8.03 (d, J=11.2 Hz, 2H), 4.42 (q, J=7.1 Hz,
4H), 1.44 (t, J=7.1 Hz, 6H); *C NMR (100 MHz, CDCl5)
J5: 164.64, 143.58, 142.20, 138.51, 137.17, 133.73, 117.70,
60.28, 14.51.

3.2.8 6-iRAKH(S9)49 5 %

ZCHR[9]. ¥ 24 ¢ FAEAL W T 38 mL 85%fi
IR HH 1 100% %R, K51k-&47) S8 (295 mg, 1.0 mmol) i
ANZE EIRHTHIT) 100%B 8, HFETHR 2 130 CxMV
30 min. FFRBRAETE =R EEIAUKKT, B 30 mL
HORZEE 3 Ik, &FFA NN, K485 HE T [V
fif) @ V(ZFR 1) =20 © 115 B EEEIA 110 mg, 7=
% 53%. m.p. 105~106 C (lit."* m.p. 106.5~108 C);
'"H NMR (300 MHz, acetone-dg) J: 8.22 (d, J/=10.6 Hz,
2H), 7.95 (t, J=3.8 Hz, 1H), 7.59 (d, J=10.6 Hz, 2H),
7.49 (d, J=3.8 Hz, 2H); *C NMR (125 MHz, CDCl;) o:
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138.69, 137.61, 134.58, 134.55, 126.18, 120.05.
329 27-=(Q2-% #%£)4,49,9-v9 T H -7k B H =&
(1) 849 A A%,

¥ 2,7- (=W 3E4))-4,4,9,9-00 O -5 iA 48 I 88
W3(M1) (464 mg, 0.5 mmol), S5 (311 mg, 1.5 mmol),
Pdy(dba); (10% mmol), P(o-tol); (20% mmol)¥& T 10 mL
HAAH R, fli#fe 3 KN, RMRAE 80 CRHH: 12 h,
Fe R PRA IR ZR, MRMNAERFIANDEK, H S
mL TEFERER 3 R, BIFANME, R4 EREET
[VCAER) @ &R =20 @ 1] BS54 EE A 325
mg, 2% 73%. m.p. 140~143 ‘C; 'H NMR (400 MHz,
CDCly) 6: 'H NMR (400 MHz, CDCl;) 6: 8.18 (d, J=9.6
Hz, 2H), 7.57 (s, 2H), 7.49 (s, 1H), 7.43 (t, J=9.8 Hz, 1H),
7.33 (s, 1H), 7.14 (t, J=9.7 Hz, 2H), 2.06 (td, J=12.8, 4.4
Hz, 2H), 1.93 (td, J=12.8, 4.4 Hz, 2H), 1.12 (s, 12H),
1.03~0.83 (m, 4H), 0.77 (t, J=6.6 Hz, 6H); °C NMR
(100 MHz, CDCly) d: 156.81, 153.59, 144.54, 143.65,
142.8, 141.61, 136.18, 135.49, 134.78, 124.41, 120.56,
113.57, 113.36, 54.18, 39.41, 31.72, 29.85, 24.31, 22.70,
14.12; MS (MALDI-TOF) m/z: 855.4 [M+H]"; HRMS
(MALDI-TOF) caled for CgH70S, 854.4919, found
854.49135. Anal. caled for CqH70S,: C 84.25, H 8.25;
found C 84.03, H 8.42.
3.2.10 2,7-=(6-3 #)-4,49,9-79 & 5| ik 4 H —K
" (2) 89 B A%,

B 2,7- (= HE))-4,4,9,9-I0 O35l IA 4 I 8
Wy M1 (464 mg, 0.5 mmol), S9 (311 mg, 1.5 mmol),
Pd,(dba); (10% mmol), P(o-tol); (20% mmol)i&FT 10 mL
AW, fhe N, =K, ONVIEAE 80 C FHiHE 12 h,
SN N R, 1) SR R i D &K, 5 mL
ARGEREE 3 R, AIENA, K45, HETVCA
fiE) © A B =20 © 117> HAFLR K 402 mg,
K 94%. m.p. 140~142 ‘C; "H NMR (400 MHz, CDCl;)
J: 8.30 (d, J=10.4 Hz, 2H), 7.79 (t, J=3.6 Hz, 1H), 7.60
(d, J=10.4 Hz, 2H), 7.45 (s, 1H), 7.33 (d, J=2.3 Hz, 3H),
2.05~1.99 (m, 2H), 1.92~1.86 (m, 2H), 1.17~1.12 (m,
12H), 1.03~0.83 (m, 4H), 0.78 (t, J=6.6 Hz, 6H); °C
NMR (100 MHz, CDCly) §: 156.92, 153.56, 149.76,
144.20, 143.92, 138.66, 136.38, 136.20, 135.69), 120.85,
120.64, 118.92, 113.61, 77.43, 77.11, 76.79, 54.46, 39.29,
31.70, 29.82, 24.34, 22.70. 14.12; MS (MALDI-TOF) m/z:
855.3 [M+H]"; HRMS (MALDI-TOF) calcd for CeoH70S,
854.4919, found 854.49135. Anal. calcd for C4H7g S,: C
84.25, H 8.25; found C 83.98, H 8.32.
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