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Synthesis and Electroluminescent Properties of Red-Emitting
Iridium Complexes Based on Benzofuran-Isoquinoline
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Ji, Shaomin“ Chen, Jiaxiong™®* Huo, Yanping™®*
(“School of Light Industry and Chemical Engineering, Guangdong University of Technology, Guangzhou 5100006)
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Abstract Three red iridium complexes were designed and synthesized by employing 6-isopropyl-1-(5-methylbenzofuran-7-
yl)isoquinoline, 6-cyclopentyl-1-(5-methylbenzofuran-7-yl)isoquinoline and 6-isobutyl-1-(5-methylbenzofuran-7-yl)isoquino-
line as main ligands, respectively, and 3,7-diethyl-4,6-nonedione as the auxiliary ligand. Their photophysical, thermal and
electrochemical properties were investigated. These complexes have higher photoluminescence quantum yields and shorter
phosphorescent lifetime. Three organic electroluminescent devices with same structure were fabrication using the iridium
complexes as emitters. They all exhibited red electroluminescent emission with peak values at 637, 635 and 636 nm, respec-
tively and showed low turn-on voltages below 2.8 V. And the highest external quantum efficiency of three devices was 14.1%,
13.4% and 13.3%, the highest current efficiency was 7.0, 7.4 and 7.0 cd/A, and the highest power efficiency was 7.9, 8.3, and
7.8 Im/W, respectively. These data indicate that the three iridium complexes can be used as efficient red phosphorescent mate-
rials.

Keywords iridium complex; phosphorescent lifetime; external quantum efficiency
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Figure 1 Common iridium complex phosphorescent materials
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1-50-6-57 A 2k S b . 1-50-6-2A 0 Ik S e gk Al 1--6-
ST IR ERE Suzuki BB AR ERA 6-7F T
FE-1-(5- FHHE IR IR IR IR -7- 255 ) S W b (2a)  6-31 18 J:-1-(5-
FF 35 8 I IR I - 7- 38 ) S M IR (2b) T 6- 57 13- 1-(5-
R IR -7-F5) S IR (2¢), R 5 = A FHAR 5 5K &
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Figure 2 TGA curves (a), DSC curves (b) and oxidation curves (c) of complexes 4a~4c

F1 BAEY da~4dc KOCFEA AL 253G

Table 1 Photophysical and electrochemical data of complexes 4a~4c

Complex Jem®/mMm Jem’/nm PLQY/% 7/ns To/C Tw/C HOMO/eV LUMO/eV Eq/eV
4a 624 626 78 658.18 342 265 —4.98 —3.03 1.95
4b 627 625 73 573.77 338 278 —4.98 —3.03 1.95
4c 628 625 70 766.61 356 269 —4.98 —3.03 1.95

4 Measured in dichloromethane solution; * Measured in thin film state.
122 kapEhm
3 NEBLEY) 4a~de (£
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Figure 3 UV-Vis absorption spectra and PL spectra at room
temperature of complexes 4a~4c¢
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Figure 4 Phosphorescent spectra at room temperature (a) and
luminescent decay curves (b) of complexes 4a~4c
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HL TR, Yo B ) N TIENE, AgCRiR) Y]
. A 4a~4de iRt S #54F R Devices 1~3. #HF
eh T AR AL 2 S5 R A3 ) Re R & 5 o, 3R
2 451 T Devices 1~3 I HEEUR L HdE.

Bl 6a N =ANERATE 1000 cd/m? (5% R IR
ek K, MBI LA B, AN BRI AR,
RATVES AL T 637 635 F1 636 nm A, S5 AHRAC A4
FE A s Ch AR R SR, WEES R AT 10

& 2 Device 1~3 B BRI EHE

Table 2 Electroluminescent data of device 1 ~3

Device EL(/lmax)/nm Von/V EQEmaxa/EQEIOOOb/% CEmaxa/CEIOOOb/(Cd'Ail) PEmaxa/PEIOOOb/(lm'Wil)
1 637 <24 14.1/7.0 7.0/3.8 7.9/2.0
2 635 2.6~2.8 13.4/6.3 7.4/4.1 8.3/2.1
3 636 2.6~2.8 13.3/6.8 7.0/4.0 7.8/1.9

¢ Maximum EQE, CE, and PE; ? EQE, CE, and PE at 1000cd/m?.

1426 http://sioc-journal.cn/

© 2022 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2022, 42, 1423~1430



Chinese Journal of Organic Chemistry

ey O~

S O

NCA%* jCN ®) or
=N N= Bl

HATCN 2
TAPC > 3 ©
5 -4l 440 | &
g o 49 = | 47
N N w mo| Z YbiAg
6} 2|55
<
&7 k T
CBP N__N -8 7.50
o
-10L
X
o/
N
Li
Li
a TPBiI
B5  GE T IR A 2 580 (a) S 2 1 A RE R R (b)
Figure 5 Chemical structure of materials used in the device (a) and energy level diagram of the device (b)
4 400
10f @ e o
—=— Device s
—— Device 2 3 Dev!ce !
. 10% | |—— Device 2 —~
) 0.8 |—— Device 3 Device 3 - 300 t}‘E
3 5 S
g [ =
206 5 107 =
2 S >
2 3 1200 5
£ c &
04t g 10"} °
3 g
1100 5
0.2 100 b o
0.0 bate St 1 L I 10 N 0
400 450 500 550 600 650 700 750 800 0 2 4 6 8 10 12
Wavelength/nm Voltage/V
30
(d) .
102 102 —=— Device 1
s 25+ —— i
© Device 1 Bev!ce §
—— Device 2 evice
—— Device 3 20 F
~ ~ §
< = o P P
3 10 £ w —
8 g 10} N
5F
0 . . . -1 0 L L L
10 101 102 108 10 10° 10° 102 10° 10*
Luminance/(cd-m2) Luminance(cd-m2)

Bl 6 Devices 1~3 HIHEBURICICHE K (). MRS B -HUE - (- V-L) I Z(b) LR~ [ -2 % 0% (CE-L-PE) 1 £ (c) S A
BT E-E(EQE-L)HZk(d)

Figure 6 Electroluminescence spectra (a), current density-voltage-luminance (J-V-L) curves (b), current efficiency-luminance-power
efficiency (CE-L-PE) curves (c) and external quantum efficiency-luminance (EQE-L) curves (d) of devices 1~3
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Wz, (BHEAE 2.6~2.8 V FMKEETERE N, =g
1) LA 0% (CE) AN T 2 R00% (PE) i 57 1 A8 A it 2k 4 1)
6¢ FIT7R, faem CE 20518 7.0 7.4 F17.0 cd/A, i PE
IHIN 7.9, 8.3 A1 7.8 Im/W. =241 EQE B2 FE 1)
A& Bl 6d B, S EQE 434 14.1%- 13.4%
A 13.3%, &1 H AR IE B 2 KA A B
OLED. fESZAMLIZEE 1000 cd/m® K, EQE 44l A
7.0%- 6.3%#1 6.8%, CE 474 3.8+ 4.1 F14.0 cd/A, PE
SN 2.00 2.1 F1 1.9 Im/W.

2 ZLig

WA & R T B M ZDOe kL A, @ piE S
A BT B EHT 7RI, A TE
TR B, Pfae . i R SR et R, T 57
P ARIE S0 1) PLQY 1H RIS 78%, = /ANEE&4IM k)
BRI 75w EAE 570~770 ns Z [8]. Devices 1~3 BA
AT S H R AN i Y EQE,  Hidh 36 T 5 5 2 ) Device
1 RIH BT B BIE(<24 V)AE K EQE
(14.1%). =N ECEVIM B 7= R A 1 R 2
T 22 31 1) (piq)oIr(acac) M K}, X kR B, BiHmI4
AR & 4 AT B U VB AE N AN .

3 WES

3.1 UES5HF
'H NMR Fl 3C NMR XH OXFORD AS-400 #
Mercury-Plus 400 RUAZREILARAN; BT R & EH LCMS-
2020 JIFRIBCAL; =i HET SR Agilent 6545 Q-TOF
I FH A, WRVAL ' T A = 308 R % 43 3 SR A TU-
1810PC K AMA] WLYGIEA AN F-2700 ¢ 614N S in i
JeEHE . BRI E R M A A R T
FLS980 Faz/Mias 726tk {; TGA RH B TGA-50
WE TG DSC R HE DSC-60 Z /A% &AL
AL 2R F G DORH R 38 A = AR = 1) CS300 HL
12z AR, #34F AR H 3£ & Photo Research A ]
A= 1) PR65S 73 A 3 B U B 11 A S5 [ Keithley 2
A A PRI K2400 IR R A IR R 4.
32 Am
3.2.1  5-% Rk vh-7- L ANER SRARER (1) 69 5 A%
43 JIEL 30.00 g (1.00 equiv., 142.14 mmol) 7-1R-5-F
FEIRIFME. 72.19 g (2.0 equiv., 284.29 mmol ) EEH & 4
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WEEERE . 10.40 g (0.1 equiv., 14.21 mmol) [1,1"-X{( A%
i) k] ~EALEE (D). 27.90 g (2.0 equiv., 284.29
mmol) ZFERM 375 mL 1,4- % NFAT 1 L B,
BT, THEZE 100 C, HIR&MN 3 h e HES
I, W4 fE @ gk AT R A Z b, IiokKAEE, 7
BN I RS, IniE CheEL AT 1915 ¢ A
R, 773 52.19%. m.p. 90 ‘C; '"H NMR (400 MHz,
Chloroform-d) ¢: 7.69 (d, J=2.1 Hz, 1H), 7.56 (s, 1H),
7.49 (s, 1H), 6.68 (d, J=2.2 Hz, 1H), 2.44 (s, 3H), 1.41 (s,
12H); ESI-MS m/z: 539.25 [2M+Na]*; ESI-HRMS calcd
for C1sH19BO3 258.1427, found 259.1502.

322 EHARE ARk

DL 637 TN 2k - 1-(5- F R Rk g - 7- 5 ) S e ik (2) 1)
ERCNB: 23 HEL17.00 g (1.0 equiv., 82.65 mmol) 1-58
-6-E TN FE TR, 23.47 g (1.1 equiv., 90.92 mmol) 5-F
FEOR IR - 7-FE A B AR R (1)« 4.78 g (0.05 equiv., 4.13
mmol) (= FFE ). 17.52 g (2.0 equiv., 165.30 mmol)
ToKBRIRENAT 340 mL 1,4- S ANHKV - V=3 DT
1L, 23RN, FHRZE 90 °C, 1HIRXFL3 h
SRR R E R, W4s, &P OKEER, 7B A VA
S EMTERA, 53] 2148 g WOy, PR
86.23%, 4ifF 99.53%. 'H NMR (400 MHz, Chloroform-
d) o: 8.64 (d, J=5.7 Hz, 1H), 7.76 (d, J=8.8 Hz, 1H),
7.73~7.63 (m, 2H), 7.58~7.48 (m, 2H), 7.40 (dd, J=8.8,
1.6 Hz, 1H), 7.36 (s, 1H), 6.79 (d, J=2.1 Hz, 1H), 3.18~
3.02 (m, 1H), 2.53 (s, 3H), 1.35 (d, J=6.9 Hz, 7H); *C
NMR (101 MHz, Chloroform-d) 0: 144.61, 144.53, 144.49,
144.42, 143.51, 143.48, 141.73, 141.71, 128.57, 128.13,
126.95, 126.52, 126.32, 123.99, 123.57, 122.42, 121.32,
120.98, 119.69, 107.46, 107.30, 33.89, 24.43, 24.38, 24.34,
23.19, 23.15, 23.10, 22.13, 22.09; ESI-MS m/z: 302.10
[M+H]"; ESI-HRMS caled for CyH sNO 301.1467,
found 302.1535.

6- I 3 Fk - 1-(5- FF AR ORI R g -7- 45 ) St W K (2D):
15.80 g, KFOIPIRY), 7% 71.52%, 2HiJF 99.93%. 'H
NMR (400 MHz, Chloroform-d) ¢: 8.63 (d, J=5.7 Hz,
1H), 7.79~7.69 (m, 2H), 7.65 (d, J=5.8 Hz, 1H), 7.59~
7.48 (m, 2H), 7.46~7.38 (m, 1H), 7.36 (s, 1H), 6.78 (d,
J=2.2 Hz, 1H), 3.27~3.12 (m, 1H), 2.53 (s, 3H), 2.14 (d,
J=15.1 Hz, 2H), 2.00~1.44 (m, 8H); *C NMR (101
MHz, Chloroform-d) 6: 156.67, 151.29, 149.06, 145.51,
142.63, 137.01, 132.66, 128.29, 127.76, 127.69, 127.40,
126.24, 123.90, 123.63, 121.77, 120.42, 106.51, 46.23,
34.50, 25.77, 21.42; ESI-MS m/z: 328.10 [M+H]"; ESI-
HRMS calcd for C23H2NO 327.1623, found 328.1692.
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6- % T Fk-1-(5- FF Ik 5% O Ik WA -7- ) R 1 WA (2c):
12.30 g, IRBETEIHCRY, 7% 79.85%, 41/ 99.61%. 'H
NMR (400 MHz, Chloroform-d) J: 8.65 (d, J=5.7 Hz,
1H), 7.75 (d, J=8.6 Hz, 1H), 7.69~7.60 (m, 2H), 7.57~
7.49 (m, 2H), 7.41~7.35 (m, 1H), 7.31 (dd, J=8.7, 1.6
Hz, 1H), 6.78 (d, J=2.2 Hz, 1H), 2.67 (d, J=7.2 Hz, 2H),
2.53 (s, 3H), 2.00 (dt, J=13.5, 6.8 Hz, 1H), 0.96 (d, J=
6.6 Hz, 6H); *C NMR (101 MHz, Chloroform-d) :
156.74, 144.55, 144.50, 144.43, 144.38, 143.43, 143.41,
141.65, 141.63, 136.88, 132.63, 130.14, 128.57, 128.50,
128.29, 128.22, 126.96, 126.68, 126.59, 125.43, 125.37,
125.32, 123.54, 122.58, 122.53, 121.17, 121.12, 121.05,
120.96, 119.49, 107.44, 107.41, 107.31, 107.28, 45.68,
44.47, 30.72, 29.45, 23.20, 22.07, 22.04, 21.96, 21.92,
20.67; ESI-MS m/z: 316.10 [M+H]"; ESI-HRMS calcd
for CoH,NO 315.1623, found 316.1693.

3.2.3  FAMERBL A AR

PABE A 3a (4 NG 17 500 mL B EO A I
12.53 g (3.5 equiv., 41.59 mmol) 6-57 P F-1-(5-F 2K
RI-7-38) S bk (2a)« 4.19 g (1.0 equiv., 11.88 mmol)7K
HEEMH I 168 mL & ARV V=3 1), &
SRR, FHEZE S0 C, 24 h, RNIESMAHZE
i, WRAEH &P E/IECKET D V=1 2)IREH
FIHEAT POEAE AT, W45 AR e KA, 5+ EH
UMK Hok 4, 153 6.56 g BEZLOMPIRY), EHEHRA
NP RAHMERAEDIRE RIS 6.52 g BEZL
HRY) 3b 1 5.98 g BELLEATRY) 3e. T/ EMFIEC
BN O, R A T AR, BN T — 2P M.

3.2.4 RELAHE AR

DABKHC &4 da 1A OB 7] 250 mL 5 R H 0
A 6.56 g (1.0 equiv., 3.96 mmol)lic 54 3a. 4.20 g (5.0
equiv., 19.80 mmol) 3,7- - Z.#E-4,6-T . 4.20 g (10.0
equiv., 39.59 mmol) LKA FRN 2 66 mL £ K £k, %
SRR, FHRZE S0 C, Flfi24 h, REIEEGDAHE
R, 0132 mL HEEIELRSEHRE 1 b, fhiE, JEDPH &
AR B AT SR JZ AT, K ZEEL, 43 B A WA I Lk
a8, FEA N,N-Z B SR i/ PR e R 5 Y 71 6
R, 200 CREZFME N2 h, 193] 772 mg ZEHK,
BPEE9.71%, 4 98.57%. m.p. 265 C; 'H NMR (400
MHz, Chloroform-d) : 8.87 (d, J=8.9 Hz, 2H), 8.21 (d,
J=6.4 Hz, 2H), 7.59 (s, 2H), 7.53 (d, J=8.9 Hz, 2H), 7.39
(d, J=2.1 Hz, 2H), 7.23 (d, J=6.4 Hz, 2H), 7.02 (s, 2H),
6.66 (d, J=2.1 Hz, 2H), 4.76 (s, 1H), 3.14 (p, J=6.7 Hz,
2H), 1.55 (d, J=2.9 Hz, 8H), 1.40 (dd, J=6.9, 2.7 Hz,
11H), 1.33~1.12 (m, 3H), 1.06 (dt, J=13.5, 6.5 Hz, 2H),
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0.75 (dd, J=16.9, 9.6 Hz, 4H), 0.45 (t, J=7.4 Hz, 6H), —
0.20 (t, J=7.4 Hz, 6H); *C NMR (101 MHz, Chloro-
form-d) J: 189.84, 167.79, 151.85, 151.59, 148.92, 142.09,
141.05, 140.29, 137.87, 132.78, 130.15, 125.61, 125.10,
122.83, 122.55, 122.14, 117.74, 106.86, 100.63, 77.48,
77.16, 76.84, 55.26, 34.56, 26.32, 24.73, 23.84, 11.93,
11.32; ESI-MS m/z: 1005.45 [M+H]"; ESI-HRMS calcd
for CssHsolrN2O4 1004.4104, found 1004.4109.

WKECEYD 4b: 965 mg, AR, BF7ER 12.34%,
4l 98.73%. m.p. 278 “C; 'H NMR (400 MHz, Chloro-
form-d) J: 8.86 (d, J=8.8 Hz, 2H), 8.20 (d, J=6.4 Hz,
2H), 7.60 (s, 2H), 7.54 (d, J=9.0 Hz, 2H), 7.38 (d, J=2.1
Hz, 2H), 7.21 (d, J=6.4 Hz, 2H), 7.01 (s, 2H), 6.66 (d, J=
2.1 Hz, 2H), 4.76 (s, 1H), 3.32~3.16 (m, 2H), 2.19 (s,
4H), 1.84 (d, J=51.8 Hz, 11H), 1.63~1.39 (m, 9H),
1.38~0.91 (m, 5H), 0.75 (dd, J=16.5, 8.4 Hz, 4H), 0.45
(t, J=7.4 Hz, 6H), —0.19 (t, J=7.4 Hz, 5H); 3C NMR
(101 MHz, Chloroform-d) J: 189.82, 151.85, 149.49,
142.09, 141.06, 140.28, 137.75, 130.04, 125.59, 125.53,
122.85, 122.81, 122.53, 117.66, 106.85, 100.64, 55.25,
46.23, 34.61, 34.56, 26.42, 26.21, 25.89, 25.88, 24.72,
11.94, 11.36; ESI-MS m/z: 1057.50 [M+H]"; ESI-HRMS
calcd for CsoHesIrN>O4 1056.4417, found 1056.4415.

BRACEY) 4¢:2.99 g, ZLERMAR, B77% 26.00%, 2l
% 99.08%. m.p. 269 ‘C; 'H NMR (400 MHz, Chloro-
form-d) J: 8.86 (d, J=8.8 Hz, 2H), 8.21 (d, J=6.3 Hz,
2H), 7.53 (s, 2H), 7.46 (d, J=8.8 Hz, 2H), 7.38 (d, J=2.1
Hz, 2H), 7.21 (d, J=6.4 Hz, 2H), 7.01 (s, 2H), 6.66 (d, J=
2.1 Hz, 2H), 4.77 (s, 1H), 2.71 (t, J=6.7 Hz, 4H), 2.16~
2.00 (m, 2H), 1.62~1.45 (m, 9H), 1.34~1.10 (m, 3H),
1.09~0.95 (m, 12H), 0.86~0.69 (m, 4H), 0.45 (t, J=7.4
Hz, 6H), —0.18 (t, J=7.4 Hz, 6H); *C NMR (101 MHz,
Chloroform-d) J: 189.86, 167.84, 151.86, 148.89, 144.66,
142.10, 141.04, 140.26, 137.62, 129.92, 127.18, 125.51,
125.11, 122.85, 122.61, 117.57, 106.86, 100.62, 55.19,
4577, 30.18, 26.40, 26.15, 24.77, 22.73, 22.59, 11.94,
11.41; ESI-MS m/z: 1033.50 [M+H]"; ESI-HRMS calcd
for Cs7He3IrN2O4 1032.4417, found 1032.4424.

HB# Bl (Supporting Information) 54 1, 2a~2c
1 4a~4c ) 'H NMR A1 5C NMR 1. X Lepf kT Lo
G % MASTI] 9 3 (http://sioc-journal.cn/)_F R %K.
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