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Synthesis and Field-Effect Characteristics of the Chiral Naphthalene
Diimide Derivatives
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Abstract Naphthalene diimides (NDI)-based conjugated molecules were a class of typical and widely studied organic semi-
conducting materials. The optically pure compounds (I-R and I-S) and mesomer (I-R,S) by SnAr reactions between
tetraboromo-NDI and 1,2-diaminocyclohexane were designed and synthesized, moreover, the racemic mixture (I-rac) was
obtained by mixing I-R and I-S equimolarly. The UV-vis absorption spectroscopy, cyclic voltammetry, and circular dichroism
of four materials were studied. The UV-Vis absorptions in solution were consistent, while the absorptions in film were slightly
different between the optically pure compounds and the mesomer or raceme, indicating the different aggregate structures. Ac-
cordingly, the organic field-effect transistors (OFET) by using these materials as the active layer were prepared. They all ex-
hibited p-type organic semiconducting characteristics under nitrogen conditions. Meanwhile, mesomer (I-R,S) and raceme
(I-rac) showed better OFET device performance (hole mobility: about 0.075 cm?sV 'ss™!) than that of the optically pure
compounds I-R and I-S (hole mobility: about 0.04 cm?sV 'es !). The atomic force microscopy (AFM) studies demonstrated
that thin films of mesomer (I-R,S) and raceme (I-rac) annealed at 100 ‘C showed larger form size of microstructures with
fewer grain boundaries, which was consistent with the enhanced device performance after thermal annealing. This paper
proved that the chirality influenced the molecule self-assembly, packing structure and the resulting device performance.
Keywords naphthalene diimides; chirality; aggregate structure; organic field-effect transistors
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Table 1 Optical and electrochemical data for I-R, I-S, I-R,S
and I-rac

Amax/DNM ; . T/ C
Compd. Solid  Film BV | THC Heating/Cooling
I-R 630 639 1.78 416 277/283
I-S 630 639 1.78 416 277/283
I-R,S 630 644 1.78 418 277/287
I-rac 630 644 1.78 424 285/292

© 2021 Chinese Chemical Society & SIOC, CAS

“Calculated from absorption onset of film using equation: £,= 1240/Aonec €V.
> Measured by TGA under a nitrogen flow at a temperature ramp of 10 °C/min.
¢Obtained from DSC scans under nitrogen at a scan rate of 10 °C/min.
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(a)
(b)

1 I-R LR
Figure 1 Crystal structure of I-R
(a) Top view, (b) side view, and (c) molecular packing

DIASR, DRIEAE SR BE T, 1-R A1 1-S PRSP X S
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Figure 2 UV-Vis absorption spectra of I-R, I-S, I-R,S and I-rac
(a) In dichloromethane solution, (b) as-spun thin films
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Figure 3 (a) CD spectra and (b) cyclic voltammogram of I-R,
1-S, I-R.S and I-rac in dichloromethane solution

0.1 mol/L BuINPF{ as the electrolyte, SCE as reference electrode,
scan rate of 100 mV/s
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Figure 4 Typical transfer and output curves of OFET devices based on I-R (a, ¢), I-S (b, 1), I-R,S (c, g) and I-rac (d, h) annealed at
100 C
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Table 2 Characteristics of OFET devices based on I-R, I-S,

I-R,S and I-rac
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Figure 5 XRD patterns of the films of I-R, I-S, I-R,S and I-rac
(a) as-spun, (b) annealed at 100 ‘C
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Figure 6 AFM height images of as-spun thin films of (a) I-R, (b) I-S, (c) I-R,S and (d) I-rac, and AFM height images of thin films of

(e) I-R, (f) I-S, (g) I-R,S and (h) I-rac annealed at 100 C
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(37.3 g, 131.0 mmol, 3.5 equiv.), JIFAZE 60 ‘C ) 96 h.
R R G, AERER, ST IFZE, K SR
BIANVKKF, #E 0.5 h, JEMIE, CEREKIEHHS
IR E T, JEPF T TR R, e Ak -2 (13
g), BH 60%, m.p.>350 TR LR EERTF
—B RN TR R IER, g I — e R
HIBRAR R BB AR 25 I BE = A2 1 Bro,  LAR a8 H.
322 NN-—EF3}-236,7-9:2-1458-A BT
Bz (1-3) 89 A %,

2% LHR[22]. M 150 mL S OEF A 12 (1 g,
1.71 mmol, 1.0 equiv.), & %20 mL), HPHEMAIG
I IE¥H£(0.6 mL, 3.60 mmol, 2.1 equiv.), T 40 ‘CJx
N8 h. RMEEHE, IA=1R4bBE( mL), [ 1 h 5
N, AEEEE. KA KRN, & A
WA FFANUAE, A VAT KRBT %, WERA S
PSR . TAERSES, RSBk 1-329 (630 mg),
% 46%. "H NMR (400 MHz, CDCl3) J: 4.20 (t, J=8.0
Hz, 4H), 1.75 (m, 4H), 1.47~1.20 (m, 20H), 0.88 (t, J=
8.0 Hz, 6H)

3.2.3 (8R,13R)-NZ LRI NN-—EFHK23-—
8 A BT e (1-4) 89 A A%,

] 50 mL B AN I-3 (200 mg, 0.248 mmol,
1.0 equiv.), FZK(10 mL), FEHEAESIMAR2R)-(—)-
1,2-3F & 1% (28.33 mg, 0.248 mmol, 1.0 equiv.), T
50 CTREHRXM. RMERE, WETRME, HET7
AL TR PR, TERN [ VCR T EE) -
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MZEHE)=1 1[13B A A 1-4 (188 mg), 1%
78%. m.p. 228~230 °C; 'H NMR (400 MHz, CDCls) o:
10.89 (s, 2H), 4.15~4.07 (m, 4H), 3.31 (s, 2H), 2.24 (s,
2H), 1.97 (d, J=8.0 Hz, 2H), 1.69 (m, 4H), 1.55 (s, 4H),
1.42~1.27 (m, 20H), 0.88 (t, J=6.0 Hz, 6H); 3C NMR
(100 MHz, CDCl3) d: 165.29, 160.89, 144.53, 126.61,
124.17, 121.72, 96.86, 54.12, 41.76, 32.28, 30.68, 29.75,
28.33,27.76, 24.41, 23.11, 14.56; FT-IR (KBr) v: 2916.83,
2848.48, 1678.32, 1630.23, 1591.12, 1567.84, 1531.95,
1456.21, 1346.19, 1296.47, 1259.63, 1243.54, 1233.92,
786.73, 720.58, 702.72, 661.90 c¢cm !; HRMS (MALDI-
TOF) caled for C3H4N4O4Br, [M+H]' 757.19917;
found 757.19586. Anal. calcd for C3sH46N4O4Br,: C 57.00,
H 6.11, N 7.39; found C 57.03, H 6.13, N 7.30.

3.2.4 (4R,9R,16R21R)-N,N'-— iE. ¥ H SN\ G LR oM
3-1,4,5,8-A BRI B (1-R) 49 5 A%,

7] 50 mL A B AN 1-3 (600 mg, 0.74 mmol, 1.0
equiv.), HZK(10 mL), #HEMEINA(R2R)-(—)-1,2-
R E %255 mg, 2.23 mmol, 3.0 equiv.), T 110 ‘C R[]
WML S he RNAWRG, et R, RT3t
FEET R AR, BEliAA vCa ) @ (&
Ht)=3 1], L EEA I-R (340 mg), % 64%.
m.p. 270~272 “C; 'H NMR (400 MHz, CDCls) 6: 9.64 (s,
4H), 4.06 (dd, J=8.0, 8.0 Hz , 4H), 3.09 (s, 4H), 2.09 (d,
J=8.0 Hz, 4H), 1.89 (d, J=8.0 Hz, 4H), 1.63 (m, 4H),
1.44~1.24 (m, 28H), 0.87 (t, J=8.0 Hz, 6H); '*C NMR
(100 MHz, CDCly) d: 166.35, 139.40, 113.28, 100.27,
53.88, 40.75, 32.33, 31.03, 29.96, 29.77, 28.65, 27.88,
24.68, 23.11, 14.57; FT-IR (KBr) v: 3241.09, 2921.77,
2851.10, 1646.21, 1617.03, 1578.88, 1508.34, 1462.07,
1336.76, 1280.62, 1260.36, 1238.15, 1227.02, 1176.63,
1152.19, 1117.68, 790.92, 668.42 cm '; HRMS (MALDI-
TOF) calcd for C4HssNeO4 710.45141; found 710.45347.
Anal. calcd for C4HssNegO4: C 70.95, H 8.22, N 11.82;
found C 71.18, H 8.26, N 11.76.

3.2.5 (45,95,165,218)-N,N'-= iE ¥ H -3\ S5 B ok
3-1,4,5,8- A B I Bz (1-S) 49 A A%,

7] 50 mL A Ao 1-3 (600 mg, 0.74 mmol, 1.0
equiv.), HZR(10 mL), HHEAEMEIMA(1S,25)-(+)-1,2-
R E % (255 mg, 2.23 mmol, 3.0 equiv.), T 110 ‘C R[]
WP S he RNAWRG, et R, RT3tk
(FEEHT R A s, BRIV CR ) @ (R
Ht)=3 1], L AEEA 1-S (295 mg), ILF 56%.
m.p. 268~270 ‘C; 'H NMR (400 MHz, CDCl) 6: 9.62 (s,
4H), 4.07 (dd, J=8.0, 8.0 Hz, 4H), 3.13 (s, 4H), 2.10 (d,

Chin. J. Org. Chem. 2021, 41, 4400~4408

© 2021 Chinese Chemical Society & SIOC, CAS

J=8.0 Hz, 4H), 1.90 (d, J=8.0 Hz, 4H), 1.64 (m, 4H),
1.43~1.25 (m, 28H), 0.88 (t, J=8.0 Hz, 6H); '*C NMR
(100 MHz, CDCl3) d: 166.26, 139.31, 113.15, 100.05,
53.76, 40.76, 32.33, 31.05, 29.95, 29.77, 28.64, 27.89,
24.69, 23.10, 14.56; FT-IR (KBr) v: 3241.09, 2921.77,
2851.10, 1646.21, 1617.03, 1578.88, 1508.34, 1462.07,
1336.76, 1280.62, 1260.36, 1238.15, 1227.02, 1176.63,
1152.19, 1117.68, 790.92, 668.42 cm™!; HRMS (MALDI-
TOF) caled for C42HssNgO4 710.45141; found 710.45347.
Anal. caled for CsHssNgO4: C 70.95, H 8.22, N 11.82;
found C 71.10, H 8.40, N 11.94.
3.2.6 (4R9R,165,21S)-N,N'-—JEF -\ S LB %k
3#-1,4,5,8-A —BL I B (1-R,S) 69 A A%,

] 50 mL B AN 1-4 (300 mg, 0.395 mmol,
1.0 equiv.), FZK(10 mL), FEHIEARSSEIMA(1S,28)-(+)-
1,2- %A & % (67.7 mg, 0.593 mmol, 1.5 equiv.), T
110 CREVERM S h. KNERE, T RME, 2
Mo B A0 A AT R AR, PRI VR
fif) - (& HFE)=3 1 1], BEEAOREAE -RS (190
mg), Y 68%. m.p. 272.9~274.5 ‘C; 'H NMR (400
MHz, CDCLs) d: 9.74 (s, 4H), 4.12(s, 4H), 3.15 (s, 4H),
2.14 (s, 4H), 1.89 (s, 4H), 1.68 (s, 4H), 1.44~1.28 (m,
28H), 0.88 (s, 6H); '*C NMR (100 MHz, CDCl;) o:
166.36, 139.44, 113.38, 100.56, 53.72, 40.75, 32.33, 31.06,
29.96, 29.78, 28.78, 27.89, 24.69, 23.11, 14.57; FT-IR
(KBr) v: 3243.70, 2922.07, 2851.10, 1644.51, 1614.89,
157721, 1506.78, 1462.95, 1334.89, 1284.80, 1268.36,
1237.90, 1219.33, 1176.26, 1153.89, 1114.95, 790.55
cm ~ !'; HRMS (MALDI-TOF) caled for CsHssNgO4
710.45141; found 710.44996. Anal. calcd for C4HsgNeOs:
C 70.95, H 8.22, N 11.82; found C 71.00, H 8.32, N 11.67.

HBA R (Supporting Information) A EHHTHIZE . 2
NERERAMZ .. BRI, X HELTHE. FET R
T BB ARG o PR AL, X
Lep k] LA A 2 AR T X 32k (http://sioc-journal.cn/) bR
.
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