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Abstract Two highly electron-deficient, novel isoindigo (IID) derivative acceptor units, including isatin-fused acenaph-
thenequinone imide (A1) and nitrogen-doped isatin-fused acenaphthenequinone imide (A2), were designed and synthesized via
Knoevenagel consendation reaction. In comparison with the well-known IID unit, both A1 and A2 acceptor units exhibit re-
duced LUMO energy levels (ca. —4.0 eV) and extended m-conjugation backbone owing to the incorporation of strongly elec-
tron-withdrawing acenaphthenequinone imide. The properties observed here for both A1 and A2 are thus indicative of promis-
ing potential in the development of n-type organic semiconductors. On the basis of both A1 and A2 acceptor units, two A-A
type organic m-conjugated molecules (BA1 and BA2) were further designed and synthesized by self-coupling of two identical
A1l or A2 acceptor units. The effect of pyridal nitrogen on the backbone structure, optical absorption, energy level, and carrier
mobility of the as-prepared m-conjugated molecules is studied systematically. The comparative investigation reveals that
self-coupling of dual acceptor units into BA1 and BA2 not only endows them with extended conjugation backbone and en-
hanced molecular symmetry, but also improves their light-capturing abilities in the whole ultraviolet-visible region as relative
to their parent acceptor units (Al and A2). Moreover, the pyridal N-containing BA1 and BA2 possess enhanced backbone
coplanarity and electron affinity as compared to their parent units (Al and A2), thereby leading to reduced HOMO and LUMO
energy levels. Finally, n-type thin-film transistors are further fabricated by adopting both BA1 and BA2 as the active layers,
affording the electron motilities of 1.64 X 107> and 2.52X 107> cm®V 'es™', respectively.
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Figure 1 DFT-calculated HOMO/LUMO energy levels for the newly-designed novel isatin-fused acenaphthenequinone imide acceptor
(A1 and A2) and four well-known acceptor moieties (ANQNI, NDI, IID, and NIID), and the chemical structures of BA1 and BA2
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Figure 2 Synthetic route of the compounds Al, A2, BA1 and BA2
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PAERI VL BRI TR A R34, Rk, JEEX BA1 I
BA2 A WL S A S8 LR IE 1 E AR, 10— 250
il T AMCE VI ER T vERe, BRI &R T
WR: (DWERSHT, RABBREREARE+ )\ ik =
AEERBAEMI) Si0y/Si ALK Bl — 2 E A 50 nm )
1 EY) BA1 8L BA2 AR, Q)4 AT K E T 120 C
G b, B KAEFE 10 ming (3)FFHERIAOTTAR A,
TE V5 1 2 VRS R THT 2895 2 P 50 nm B8/ FELAR. 7
BAHT, KA SN E &9 BA1 F1 BA2
HIEI T EmtERe. B 7 A BA R E SS Rl 4 T
&%) BA1 A BA2 i OFET #8441 %85 4% Ak Hi ks 1k
Bk, 0 80 V FYURTN HL RS, W/NMEA Wi s
OFET #3435 B H IH 2 i b 1 -2 SR,
HPERZRSMIE 1.64X107° F1 2.52X107° cm?V '
s L JFRHMELEIAR 10° LLE. BA1H, WA
WEYER FIERRERKATRER R HEgiHE
FIRERAE AT LA H, e &R T gl N5 T &
BA2 [ 2R 3P A T2 A0 g, IR 3RS 1 AH EuAk
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E BAL S FIER . R BAL il BA2 fJH T
SEAS HM L SRR E L e - B AR R B,
EAAT A SR L % — S Rl (10 00 A (B 0 11 Y6 0 g 7 3
i, =R, 4ER HOMO/LUMO Rgg LR
W BF I AR 25, PRI BAT A1 BA2 A5 S8 7E B 5 #i K
H G FEL 28 0 7 B A — 5 BT 5

0.0006
—BA1l | _gy
1074 — BA2
s I0.0004
1074 N
i(m "g
1073 -8
-0.0002
107
T 0.0000
0 20 40 60 80

/7 JEFLEY BAL FI BA2 WA IE ¥ OFET 34 #H:#
Rl 22

Figure 7 Transfer curves of the OFET devices fabricated from
compounds BA1 or BA2

2 #ig

A AR i 40 A 24 B 40 AT AW ¥ 0 4 Tl S s T
T HIELE 34T Knoevenagel &, IhHI& T HANHT
H SEEHERTAEYZ R TT AL FI A2, LA S S s
Ak, A1 AT A2 JEIL AR IR SO E SRR . B SR
TSR LUMO G824l (ca. —4.0 eV), X
LeZk BLUESE A1 Il A2 2 — 2R 4Lk, R FRe
BRI A ML SRR A, #E—20, R TRz
F“A-A SUZARFERE ", FFR TN AL R A2 5245
JCI) AR ILHESr 7 BAL A1 BA2, FEERTGH T mbne &R
F o B AR LR F e AL R . IO B . HOMO/
LUMO H82% LA K TR R 2. #F 7S R B (1)K
AAXTHRIT AL R A2 2R AR, AMUE R &
BA1 £ BA2 [{E 28 LHEA 16 Bk, 1 H R R TF
T BA1 Fl BA2 78R AM-1] WG X FEH3RAE 775 (2)
FHEL A1 F1 BA2 3244, Sutbne &R 71 A2 1 BA2 #1F5
B PR AR P T 2 B 5 LSRR A7 DA K IR HOMO
FILUMO RERAE. VAL E IR T1E 5k gE, &
1% 72T BAL A1 BA2 VI n-T37 3808 S A 2%
P, MAFILEFIER RSN 1.64X107° 1 2.52X107°
em’V s DL ERF LRI IR, AL I A2 &—HKAE
WS B R AR LK DA K SR R D S IR T Y T
ZARRIT, WS H TR A-D-A BLEL MG
IR A MU TAE5A R, TEAE & ¥ A PH 8 FE it
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AR A i R A L 37 O ot A S AR B AT ) R
IO FH T 35t

3 SRRy

31 X5

iiE3EHR "TH NMR/*C NMR % Bruker AVANCE
400 JE, B FHE TR A AR5 51 iR = SR € (CDCL)
AIPY B ELHE B2 (TMS). i #E (MS) K MALDI-TOF
Bruker Biflex III MALDI-TOF Jfi i % ] %€ . HRMS
(MALDI)H IonSpec 4.7 Tesla Fourier Transform 7 i i
B 5. LA WIS B Perkin-Elmer Lamada 25
YIS, SR % i BB T T B A 1)
SERFIRTERPUERE R, ikl B3LYP/6-31G(d). 7E
AR, RAMESHTUTGA, DSC-Q10)FIzR %
FIE I HTA(DSC, Perkin-Elmer TGA-7)ill%E T 1k &
YR RF e PER R A A, HAHRIERE N 10 Ce
min ', K #L 4k 2 T F 3% (CHI660E, Chenhua, Shang-
hai)fE 100 mVes ™" FIFT3 I E &L A FE IR %
MZE(CV). AT = s A R A 2t BL 0 B Bk T4 Pl
. Ag/AgCl (0.01 moleL ™" KCI)Z bt et 41225 A
0.1 molsL ™" FAIPY T 22 /N UM MR e — G0 P o VA VR0 FEL AR
Bt bR 0% 26(0.38 'V vs. Ag/AgCl). K] Angilent
B2912A J5E T ¥ OFET #8441 % Ak o 4 Ve il 26,

& Cl1. C2. C5. C6 Fl7sH 8 b &l
W H FiE R AR AR AR, SESERILIE . X2
R . EABI(NaH). =5k, KA BRI HEL
T B K B OB R R TR A =], Hoe i A
FRGRIA I B 24 48 B0 287 BR A A
3.2 XWHE

th&wy 3B, c4B, 7P, coP c11Bl, 131
A C1811 2 25 SR I 1 10 .
321 6-i8-1-(2-T 3 T K )-1H-= & 51 [2,3-b] 7%
(C8) 449 4 k.

FENLLRHPR, 171 100 mL = A i\ NaH (0.74
g, 30.83 mmol)#1 10 mL ] NN-—HEEZ(DMF)J5, 1E
0 CREEIMAN 6-IR-7-ZE M %((3.0 g, 15.23 mmol).
P+ 20 min f5 I RACT S FE(4.4 g, 22.78 mmol), fE=
BN RMGER. R GBR LB AR $hK FEL, TEK
TREREET 1, 18, WERIREIET, A sk SR A RE
J AT SR AL B 9 TR 4.14 g 1R 28 RS R
(773 88%). 'H NMR (400 MHz, CDCl;) d: 7.73 (d,
J=8.0 Hz, 1H), 7.17 (d, J=8.0 Hz, 1H), 7.15 (d, J=3.2
Hz, 1H), 6.43 (d, J=3.6 Hz, 1H), 4.15 (d, J=7.2 Hz, 2H),
1.94~1.89 (m, 1H), 1.33~1.20 (m, 8H), 0.92~0.85 (m,
6H); °*C NMR (100 MHz, CDCly) 8: 147.5, 134.5, 130.7,
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128.3, 119.1, 119.0, 99.7, 48.0, 40.2, 30.4, 28.5, 23.9, 23.0,
14.1, 10.6. HRMS (ESI) caled for C;sH,BrN, 308.0887,
found 308.0888.

322 6-i%-1-Q2-T A T H)-1H-wk =% H[2,3-b] "% -
2,3- —ERA(C10) 9 & m%,

] 100 mL (1 = ORI 1.5 g RERKY . USRI
WE2L(6.3 g, 29.22 mmol). 54 C8 (2.7 g, 8.73 mmol).
20 mL [ 2GR 20 mL 1 & H ke, &5 A 10 mg 1Y
SEALER. TE NIRRT, RN 3 h R, IR E
T, Frf e R R IR (i A S ali[ s R ViR
WEE) - MCE TR =1 1118 142 g BEm RO
48%). m.p. 94~96 ‘C; 'H NMR (400 MHz, CDCl;) 6
7.64 (d, J=8.0 Hz, 1H), 7.27 (d, J=4.4 Hz, 1H), 3.72 (d,
J=8.0 Hz, 2H), 1.97~1.92 (m, 1H), 1.41~1.30 (m, 8H),
0.95~0.88 (m, 6H); °C NMR (100 MHz, CDCLy) o:
180.9, 164.5, 158.5, 150.2, 134.0, 123.3, 110.2, 43.4, 37.4,
30.4, 28.3, 23.9, 23.0, 14.1, 10.4. HRMS (ESI) calcd for
C1sHoBrN,0, 338.0630, found 338.0634.

323 1-T A -1H-"7%& 5 [2,3-b] "% -2(3H)-BRA(C12)
9 &%,

] 100 mL [ = FOfH I AL &% C9 (200 mg, 1.14
mmol). 10 mL FI7KEHER 10 mL () 1,4- =S SFREH.
EN, YR, 120 CFRM2d. AEE=R)E, KA
G SRR ZEL, oK BT, & To/KiR
FRBET-HR 5 I g, e TR FAAR ™= i, R R (i AT
PRAER BTN VO - (A R =1: 1174 101.3
mg LORHAA C12, 775 55%. '"H NMR (400 MHz,
CDCl;) 0: 8.17 (d, J=4.8 Hz, 1H), 7.47 (dd, J=8.0, 4.0
Hz, 1H), 6.93 (dd, J=8.0, 4.0 Hz, 1H), 3.91~3.86 (q,
2H), 3.51 (s, 2H), 1.30 (t, J=8.0 Hz, 3H); °C NMR (100
MHz, CDCly) d: 174.1, 157.9, 146.8, 131.6, 119.3, 117.8,
349, 34.1, 13.1. HRMS (ESI) caled for CoHN,O
162.0793, found 162.0791.

3.2.4 b Al 896 %

BALEY) C11 (86 mg, 0.49 mmol). L&Y C13
(201.6 mg, 0.49 mmol). 1 mg ] P,Os. X F 3 ZKAHER(10
mg, 0.058 mmol)F1 10 mL Y F ZEAIAZ] 100 mL ) =1
. 7E NPT, BT 120 CHBEAIEE 6 h. A3
FEER, FA TR PR H KRR, 2K R EE
TP fE e, BE A AR, SR R i A fE 4l
[PeBFRN VCa ) - & F B =1 1143 1359 mg
HREOH R AL, 775 50%. m.p.>300 C; "H NMR (400
MHz, CDCl;) 6: 9.81 (d, J=8.0 Hz, 1H), 9.08 (d, J=8.0
Hz, 1H), 8.75 (dd, J=12.0, 8.0 Hz, 2H), 8.27 (d, J=8.0
Hz, 1H), 7.53~7.45 (m, 2H), 7.36 (d, J=8.0 Hz, 2H),
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7.15 (t, J=8.0 Hz, 1H), 6.88 (d, J=8.0 Hz, 1H), 3.91 (q,
J=8.0 Hz, 2H), 2.80~2.73 (m, 2H), 1.37 (t, J=8.0 Hz,
3H), 1.13 (q, J=4.0 Hz, 12H); “C NMR (100 MHz,
CDCly) J: 192.4, 167.7, 163.6, 163.4, 145.7, 145.3, 135.8,
133.8, 133.6, 131.8, 130.7, 130.6, 129.7, 129.0, 126.2,
125.9, 124.1, 122.6, 122.3, 122.0, 121.5, 108.3, 34.9, 29.2,
24.0, 12.63. HRMS (MALDI) calcd for C3HyN,O, [M+
H]" 555.2278, found 555.2275.

3.2.5 i A2 496 %

BALAY) C12 (86.3 mg, 0.49 mmol). th&4 C13
(201.6 mg, 0.49 mmol). 1 mg [1] P,Os. X AL RAEFR (10
mg, 0.058 mmol)LL A 10 mL A FFZEE T 100 mL f) =11
. 7E N R R, T 120 CHMBEHHEE 6 h. A%
ZERE, MKERRRL, R G & s A,
ToKRER B T4, U8, BeTVaRIA A = . R
OTERE SR 5 A2[BEBGR VCR i) @ (A
Fey=1: 1143 149.7 mg ZLARERM R, F=% 55%. mp.>
300 ‘C; 'H NMR (400 MHz, CDCl5) d: 9.87 (d, J=8.0 Hz,
1H), 9.36 (d, J=8.0 Hz, 1H), 8.77 (dd, J=8.0, 4.0 Hz,
2H), 8.32 (d, J=4.0 Hz, 1H), 8.28 (d, J=8.0 Hz, 1H), 7.51
(t, J=8.0 Hz, 1H), 7.36 (d, J=8.0 Hz, 1H), 7.10 (dd, J=
8.0, 8.0 Hz, 1H), 4.05 (q, J=8.0 Hz, 2H), 2.79~2.73 (m,
2H), 1.41 (t, J=8.0 Hz, 3H), 1.18 (q, J=4.0 Hz, 12H); *C
NMR (100 MHz, CDCly) 0: 192.3, 167.4, 163.4, 163.2,
157.9, 151.0, 145.7, 139.9, 138.9, 137.8, 137.6, 135.4,
133.6, 133.2, 131.9, 130.6, 129.8, 129.5, 126.2, 126.1,
1242, 122.7, 1222, 118.6, 116.2, 34.4, 29.2, 24.0, 13.1.
HRMS (MALDI) caled CisH3oN;04 [M+H]" 556.2230,
found 556.2228.

3.2.6 tLédh Cl4 896 %

] 100 mL M= IDEFIMALAEY C4 (203.5 mg,
0.60 mmol). 7~ HHE =8 45(98.3 mg, 0.30 mmol). (=
I —EAAR (35 mg, 0.05 mmol)Al 10 mL 45,
E NP, BRI 3 h 5, S E TV, AT
P it R FRERR i A SR AR [ B MR VA ) - (&
FE)=1: 2]1% 119.4 mg ¥ K C14, F=2 77%. m.p.
180~184 °C; 'H NMR (400 MHz, CDCl;) d: 7.73 (d, J=
8.0 Hz, 2H), 7.30 (d, J=4.0 Hz, 2H), 7.01 (s, 2H), 3.68 (d,
J=8.0 Hz, 4H), 1.84 (m, 2H), 1.45~1.30 (m, 16H), 0.96
(t, J=8.0 Hz, 6H), 0.88 (t, J=8.0 Hz, 6H); *C NMR (100
MHz, CDCl;) 0: 182.9, 158.5, 152.1, 149.6, 126.0, 122.8,
117.6, 109.1, 44.5, 37.5, 30.6, 28.6, 24.0, 23.0, 14.1, 10.7.
HRMS (MALDI) caled for CsypHyuN,O4 [M + H]F
519.3217, found 519.3215.
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324 L& C15 894 %

1] 100 mL ) =URH InAEY) C10 (203.5 mg,
0.60 mmol). 7~ F3E 4 4%(98.3 mg, 0.30 mmol). B(=
I — S AAR (35 mg, 0.05 mmol). 5 mL [KHFZ. 7F
Ny T4 T, [FRRA 3 h J&, R EE T, ArfsHr
it R VR AR E i A SR 4B [ B MR A VA hEE) © (&
Fiy=1: 2]f3 132.3 mg FH WK C15, 773 85%. m.p.
199~210 °C; 'H NMR (400 MHz, CDCl3) 6: 8.27 (d, J=
8.0 Hz, 2H), 7.99 (d, J=8.0 Hz, 2H), 3.85 (d, J=4.0 Hz,
4H), 2.03~2.00 (m, 2H), 1.46~1.28 (m, 16H), 0.97 (t,
J=8.0 Hz, 6H), 0.90 (t, J=8.0 Hz, 6H); *C NMR (100
MHz, CDCl5) 0: 181.6, 164.0, 159.2, 158.8, 133.8, 117.9,
113.0, 43.3,37.7, 30.7, 28.7, 24.1, 23.0, 14.2, 10.6. HRMS
(MALDI) calcd for C30H4N4O4 [M—|—H]+ 521.3122, found
521.3122.

32.5 fLbhdh Cl16 894 %

1] 100 mL ) =1URH InALEY) C14 (201.5 mg,
0.39 mmol). 10 mL fI7K-E AT 10 mL (1) 1,4- 5N FF
WA 7E N3 R T 120 CHRIMAHAT RS 2 d. ¥
FEEJE, FH AR AR KR, KRR
BT, UE, VERIEUEBE T, P S e R AR
TR RRAL[GE R VORI - & R =1 1 1115
120 mg RFEEH K C16, 7% 63%. m.p. 99~101 C;
'H NMR (400 MHz, CDCls) &: 7.32 (d, J=4.0 Hz, 2H),
7.22 (d, J=8.0 Hz, 2H), 6.98 (s, 2H), 3.65 (dd, J=8.0 Hz,
4H), 3.59 (s, 4H), 1.87~1.84 (m, 2H), 1.42~1.29 (m,
16H),. 0.94 (t, J=8.0 Hz, 6H), 0.88 (t, J/=8.0 Hz, 6H); "°C
NMR (100 MHz, CDCLy) &: 182.9, 158.5, 152.1, 149.6,
126.0, 122.8, 117.6, 109.1, 44.5, 37.5, 30.6, 28.6, 24.0,
23.0, 14.1, 10.7. HRMS (MALDI) calcd for C3,HysN,0,
[M+H]" 489.3475, found 489.3474.

3.2.6 b4 C17 894 5%

[ 100 mL =T UEH LG C15 (2023 mg,
0.39 mmol). 10 mL FJ7K-&HFA 10 mL () 1,4- =%\
AL ENLRR, T 120 CHRIEA# M 2 d. %
HEZIRG, KH &P AR & 3K EEE, ToKi
FREE T4, U8, WRE e T, Bk A A i il A
FRAG[BE ML A VO - A& R ) =11 1]1103.3
mg KE MK C17, P 54%. mp. 180~182 C; 'H
NMR (400 MHz, CDCl3) ¢: 8.09 (d, J=8.0 Hz, 2H), 7.57
(d, J=8.0 Hz, 2H), 3.80 (d, J=8.0 Hz, 4H), 3.58 (s, 4H),
2.06~2.03 (m, 2H), 1.45~1.27 (m, 16H), 0.95 (t, J=8.0
Hz, 6H), 0.89 (t, J=8.0 Hz, 6H); *C NMR (100 MHz,
CDCly) 6: 181.6, 164.0, 159.2, 158.8, 133.8, 117.9, 113.0,
43.3, 37.7, 30.7, 28.7, 24.1, 23.0, 14.2, 10.6. HRMS
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(MALDI) caled for C30HN,O, [M+H]" 491.3380, found
491.3379.
3.2.7 Aubdh BAL 6946 5%

¥ik&¥) C16 (97.7 mg, 0.2 mmol). L&Y C18
(106.3 mg, 0.2 mmol)~ 1 mg ] P,Os. % I ZE K EHER(S mg,
0.029 mmol)F1 10 mL BJHFRE T 100 mL = .
TENIRYF, T 120 CHIMB B 12 h BEIE=
I, R SR AEM a2, ST KR ET %
JE it UE, BETIEFIAME . 20, SRR it b
PRAf[BE MR VO ) - & R D=1 1115 118.3
mg AR K BAL, 773 39%. m.p.>300 ‘C; 'H NMR
(400 MHz, CDCL5) d: 9.68 (d, J=8.0 Hz, 2H), 9.06 (d, J=
8.0 Hz, 2H), 8.67 (d, J=8.0 Hz, 2H), 8.61 (d, /=8.0 Hz,
2H), 8.20 (d, J=8.0 Hz, 2H), 7.31 (d, J=8.0 Hz, 2H), 7.02
(s, 2H), 4.01 (br, 4H), 3.82 (d, J=8.0 Hz, 4H), 1.94 (br,
4H), 1.51~1.21 (m, 80H), 1.04 (t, J=8.0 Hz, 6H), 0.93 (t,
J=8.0 Hz, 6H), 0.88~0.83 (m, 12H); *C NMR (100
MHz, CDCL3) 0: 192.4, 168.4, 163.6, 163.4, 153.4, 146.6,
144.4, 142.6, 139.2, 138.0, 137.8, 135.3, 134.1, 132.9,
131.2, 130.8, 129.1, 125.9, 125.3, 122.3, 121.9, 121.5,
120.6, 106.5, 44.6, 44.4, 37.9, 36.6, 31.9, 31.9, 31.7, 30.1,
29.7, 29.7, 29.6, 29.6, 29.4, 29.3, 26.5, 23.2, 22.7, 22.7,
14.1, 10.9. HRMS (MALDI) calcd for CooH;3;N,O5 [M+
H]" 1515.9961, found 1515.9968.

3.2.8 b4 BA2 494 m%

FALEY C17 (98.1 mg, 0.2 mmol). L&) C18
(106.3 mg, 0.2 mmol). 1 mg ] P,Os. %} I EE AR AH R (5 mg,
0.029 mmol)fl 10 mL [ A E F 100 mL [ = .
TE Ny fR4PF, T 120 Ciligss Fiid: 12 h. AHE=E
T, R SR AE A KA, KRR T4,
LUE, BT VAR . B, SRR il A 1R
AR VO EE © AR R)=1 115 130.6
mg KO E K BA2, 773 43%. mp.>300 ‘C; 'H NMR
(400 MHz, CDCL3) 8: 9.55 (d, J=8.0 Hz, 2H), 9.20 (d, J=
8.0 Hz, 2H), 8.49 (d, J=8.0 Hz, 2H), 8.35 (d, /=8.0 Hz,
2H), 8.01 (d, J=8.0 Hz, 2H), 7.94 (d, J=8.0 Hz, 2H), 3.95
(br, 8H), 2.10 (br, 2H), 1.88 (br, 2H), 1.50~12.1 (m, 80H),
1.08 (t, J=8.0 Hz, 6H), 0.98 (t, J=8.0 Hz, 6H), 0.88~
0.83 (m, 12H); *C NMR (100 MHz, CDCly) &: 192.1,
167.9, 163.0, 162.8, 157.9, 154.9, 139.1, 138.1, 137.7,
137.0, 134.3, 132.6, 131.7, 131.0, 129.6, 125.7, 124.9,
122.4, 122.0, 116.7, 115.8, 44.6, 43.6, 37.9, 36.7, 32.0,
31.9, 31.7, 30.9, 30.1, 29.7, 29.7, 29.6, 29.4, 28.8, 26.5,
243,232,227, 14.3, 14.1, 10.9. HRMS (MALDI) caled
for CogH,0NsOg [M+H]": 1517.9866, found 1517.9877.
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BI#f BH(Supporting Information) A2 (¥ Ak A2
3, BA1 fll BA2 [f) TGA 1 DSC #hZk, Wi x be F,
FEEIE T CV #iZk, BA1 Fl BA2 {# /i OFET 231
Bt th 2k DA BT ARE A6 S 41 'TH NMR/PC NMR 514
X e L AT BA A 3% AT ) 355 (http://sioc-journal.cn/) _E
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