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Abstract Because of the open-shell electronic structures, organic radicals have many special properties and can be applied
to various fields, such as molecular magnets, spintronics, organic rechargeable batteries, electron paramagnetic resonance
imaging and field-effect transistors. Specifically, organic radicals provide an alternative method to overcome the efficiency
limitation of organic light-emitting diodes (OLEDs) based on conventional fluorescent organic molecules. They have doublet-
spin properties arising from unpaired electronics and can be designed to have rapid emission on nanosecond timescales for
exploitation in OLEDs with up to 100% internal quantum efficiency. However, luminescent radicals are still rare and often
have narrow highest occupied molecular orbital (HOMO)-singly occupied molecular orbital (SOMO) gap, so the luminescent
colors are mainly focused on the long wave range of visible light, such as orange and red. It is difficult to obtain luminescent
radicals with blue emission. In this work, to further enrich the types of luminescent radicals and broaden the luminescence
range of radicals, we design and synthesize novel radical precursors [2a]l and [2b]I by palladium-catalyzed coupling reaction
of N-heterocyclic carbenes (NHCs) and 9-(4-iodophenyl)-9H-pyrido[2,3-b]indole, which was characterized by nuclear mag-
netic resonance spectroscopy, high-resolution electrospray ionization mass spectrometry, and single-crystal X-ray diffractom-
etry analyses. Subsequently, two neutral luminescent radicals 3a and 3b were successfully prepared by single electron reduc-
tion using KCs as a reducing agent. The experimental results show that radicals 3a and 3b have blue emission in tetrahydro-
furan solution, and their maximum emission wavelengths are 450 and 428 nm, respectively. In addition, it is found that the
fluorescence emission energy of radicals 3a and 3b is much higher than the maximum absorption energy given by the absorp-
tion spectrum, indicating an obvious Anti-Kasha emission phenomenon. Theoretical calculations further confirm that the
fluorescence originates from the higher energy electronic excited state (D3) rather than the lowest energy-excited state (D1).
This work shows that luminescent radicals with blue emission can be constructed by using NHCs as the skeleton unit, which
provides a new research idea for the controlled synthesis of stable luminescent radicals.
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B I 5 S D A% T PR I O E B R 3a
3b. LIS LB, HHEE 3a 1 3b 75 VUSRI R T 1 B
B ERRS, HE KR8 450 F1 428 nm.
H H15E 3a F1 3b 78 DY SRR 1 R G 8 T 9% e &
S HIEE TR0 7.8%M 8.5%. B4t idEid#H
WL S — 5 52 5 R R WO R S R 3 m Bk
BRESPARSRT, BA Anti-Kasha ZHIME. AT
VER B DL R RO B n i A Anti-Kasha
RGBT H %, Nnrds & ifae R H 2
AL T Hr A T

2 FREIHE
2.1 B RERMERI[2a]l F1[2b]l BIE RS R

W, A O N B BORAS [ AL R
BRI R SR vt B, AT 4 i B E 2 1) 3
JI R EEBY, eAh, AT BB 7R B B A R I 2R
Sl iE) 4 S 3 SO AH L ) ER 2 1 B TR PR AT A 1 S B,
R, FEASZIG R IRATIESE 2,6- = NSRRI 4
IR a (1,3-X(2,6- — 5 N FE 48 5)-4,5- — I FL -k -
2-MP )T b (1,3-X0(2,6- 5 A B 2R B8k k-2 7.4 ) e
S 9-(4-WK B ) -9 H-E e FE[2,3-5] M Wk (1) 7E
Pdy(dba)s fF7E T E A BT H BB AT IR A #h[2a]1 A1
[2b]I (Scheme 1), FFiEEZMEILIRA G AR IE('H and
13C nuclear magnetic resonance, 'H/'3C NMR), =543 ##)i
i (high-resolution mass spectrometry, HRMS), 454h-n]
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Scheme 1 The synthetic route of precursors [2a]l, [2b]] and radicals 3a,
3b
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B PR O FRAR KJE(0.147 nm)— 3P, RIIEIIA K=
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HHAF IR A B AR S ANTE [ — P b, A A
(O A8 42.83°F1 44.60°. K 1 FIH THAYI[2a]l F1
[2b]I IR EEK, [2a]l FI[2b]L M SR H0E A5 B 0%
SIFHER).

[ 4]
[2a]l [2b]i

B 1 ErIRfk[2all (@)FI[2b]1 (b)I RS BT B TR EUR T 2
e m)

Figure 1 Solid-state molecular structures of [2a]l (a) and [2b]I (b)
(Hydrogen atoms and anions have been omitted)

£ 1 ALEY2all F[2b]1 1 THEK
Table 1 Selected bond lengths for [2a]l and [2b]I

Bond Distance/nm

C(1)—N(1) 0.1349(3)

C(1)—N(2) 0.1345(3)
[2a]l

C(H—C*) 0.1467(4)

C(5)—NG@3) 0.1421(4)

C(H—N() 0.1346(4)

C(1H)—N@) 0.1351(4)
[2b]L

C(H)—C# 0.1463(4)

C(5)—N(@3) 0.1427(4)

T WAL G YI[2a]l FI2b]L R EAL YRR, R4
KRR 22K CVIT A W4T TR, A 2
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ALAEH, thaP2all A[2b]l 1E 25 B BE —
AL SR, R AL AN Ep=—2.12 V
([2a]D)F1—2.06 V ([2b]]) vs. Fc/Fc*, %45 REWL AW
[2a]l FA[2b]1 ] 3E i 5 H 30 Ji 45 A2 1) R Ve E 2
YA, BeAh, I R B RZ ER[2b]1 (B AL B
AHEE T [2a]1 W PHARFE S04 60 mV, R RIIA K =RE
ERERAbOIE R e R S R MR R (N

2.0 — [2a]l
— [2b]l

1.0 4

Current/1e-5 A

-2.04

-3.04

-26 -2I.4 -2I.2 -2I.O -1.8 -1.6
Potential/V versus Fc/Fc*
B 2 BTIRAK[2a]] FI[2b]1 FRIEFRA 2 M 2%

Figure 2 Cyclic voltammograms of precursors [2a]l and [2b]I
"BuyNPFg in CH3CN, 100 mVes ! vs. Fe/F¢*, c=10"5 molsL .
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Figure 3 EPR spectra of radicals 3a and 3b in THF
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Figure 4 Optimized ground state structure of 3a (a) and 3b (b) and frontier orbitals of 3a (c¢) and 3b (d) through DFT calculation
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Figure 5 Ultraviolet-visible absorption and emission spectra of radicals 3a (a) and 3b (b) in THF (¢=10"° mol*L "', 1,,=350 nm)
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(2)B4, 1,3-X(2,6- — 5 P ik 28 5 ) Ik 4 -2 W7 J5E ()41 1
9-(4- B 4% FE )-O H- M 1 F[2,3-] 151 W (1) BV 38 S R i 5
Paki s RN

[2a]l: ZAGHIT, R E R RIE a (416.5 mg,
1.00 mmol). Pd,(dba); (18.31 mg, 0.02 mmol). 9-(4-fft 2K
F)-9H-MERE H:[2,3-h]M5] Pk (370.00 mg, 1.00 mmol) A —
FNHR(30.0 mL)IIAF] 100 mL Schlenk & HH 5450 IE
W Rl FIR S E RS 30 min, FEEHIREA SR
120 'CML 15 h. FpR AW, #H 2 =R IR W
Schlenk B IIAIECKE, FHREIZEHE, SIEIFHZ 50
mL 1E ke vk, 5 BT AR 5 O 4R = P Ry [2a]1
664.6 mg, =% H 85%. 'H NMR (400 MHz, CDsCN) 6:
8.45 (dd, J=7.7, 1.6 Hz, 1H), 8.32 (dd, J=4.9, 1.6 Hz,
1H), 8.16 (d, J=7.4 Hz, 1H), 7.64~7.71 (m, 4H), 7.51 (d,
J=7.8 Hz, 1H), 7.42~7.46 (m, 1H), 7.32~7.36 (m, 1H),
7.27~7.30 (m, 1H), 7.24 (d, J=8.9 Hz, 3H), 2.46 (sept,
J=6.8 Hz, 4H), 2.21 (s, 6H), 1.28 (d, J=6.7 Hz, 12H),
1.10 (d, J=6.8 Hz, 12H); '*C NMR (100 MHz, CD;CN) §:
152.01, 147.12, 146.46, 143.41, 140.69, 139.55, 133.40,
131.47, 131.14, 129.70, 129.41, 128.26, 127.85, 126.94,
122.62, 122.35, 122.27, 120.21, 118.15, 117.45, 110.85,
29.71, 25.02, 23.72, 10.49; HRMS (ESI, positive ions)
caled for CyHsiNy (M+H)" 659.4108, found 659.4102.
Anal. calcd for [2a]l, C4sHsiN4I (786.85): C 70.22, H 6.53,
N 7.12; found C 70.35, H 6.68, N 7.18.

[2b]l: BAHET, RIKERFRE b (3885
mg, 1.00 mmol). Pd,(dba); (18.31 mg, 0.02 mmol). 9-(4-
PRI )-9 H-IERE F[2,3-5]151%(370.00 mg, 1.00 mmol) A
T NFR(B0 mL) A F] 100 mL Schlenk B FH KR (i
W DL RS ERBHE 30 min, BEEHIREA R
120 CRRRL 15 h. fERMEEW, AHR R W
Schlenk B IIAIECKE, FHREIZIEFRE, SIEIHFHZ 50
mL IECRemdE, 55 TS e 6 E 44 7 2 B D [2b]1
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576.3 mg, “F N 76%. '"H NMR (400 MHz, CD;CN) o:
8.46 (dd, J=7.7, 1.6 Hz, 1H), 8.33 (dd, /=48, 1.6 Hz,
1H), 8.16 (d, J=7.8 Hz, 1H), 8.02 (s, 2H), 7.76 (d, J=8.9
Hz, 2H), 7.66 (t, J=7.9 Hz, 2H), 7.47 (d, J=7.8 Hz, 4H),
7.43~7.45 (m, 1H), 7.32~7.36 (m, 1H), 7.26~7.31 (m,
2H), 7.23 (d, J=8.8 Hz, 2H), 2.57 (sept, J=6.8 Hz, 4H),
1.29 (d, J=6.8 Hz, 12H), 1.15 (d, J=6.8 Hz, 12H); '3C
NMR (100 MHz, CD;CN) §: 151.94, 147.09, 146.01,
141.26, 139.43, 133.32, 131.33, 130.85, 129.70, 128.24,
127.27, 126.38, 122.66, 122.35, 122.29, 118.96, 117.46,
110.84, 30.18, 25.57, 22.87; HRMS (ESI, positive ions)
caled for Cq4HyNy (M+H)" 631.3795, found 631.3765.
Anal. calcd for [2b]1, CasHa7N4I (758.79): C 69.65, H 6.24,
N 7.38; found C 70.03, H 6.45, N 7.52.

3a: K AU ORAREAZ £ [2a]1 (235.89 mg, 0.30 mmol)
[ 7C7K THF ¥ (10.0 mL)A #1545 —35 C3 RIS 1%
BT, (EiZIRE N KCs (48.59 mg, 0.36 mmol)ZZ 18
N Z BRI, 8 R T IR 45 30 TR A8 £V Il
. B E RN AR TR S SRIFRF N 4 b
AR ST H AT K IE Che i, Zrbitid g
PR IR, TR IE Cobedh 49 1) 58 6 1) [BAR =10k
K 3a 187.93 mg, F“F N 95%. Anal. caled for 3a,
CaHs1Ny (659.94): C 83.72, H 7.79, N 8.49; found C
83.43, H7.16,N 8.12.

3b: REHTIRAAE i £R[2b]T (227.49 mg, 0.30 mmol)
) 757K THF ¥§(10.0 mL)yAE1 2 —35 C13 375 1 3%
IR, 1E %1% N MK KCs (48.59 mg, 0.36 mmol)
TN IR0, 5 TP 00 S R A5 3 T A €0V DA
B J5 I SR FE B AR HR B BRI R 4 h. KT
FAZE 3T IR I TE K IE e, ZrEvE it g s 2|
AR, TR IE CRehl 15 21 8 G AR 7 ok R
3b 168.58 mg, =3~ 89%. Anal. caled for 3b, C4sHa7Ny
(631.89): C 83.64, H 7.50, N 8.87; found C 83.33, H 7.21,
N 8.43.
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