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FE. @aTo] AZEREME, X 2-F I kg IT[2,3-0] ke -8-T el ( 11 ) SEATEME, 5% 4h By R 34T
AL, [T B F 3 -2- %6 F R SE Nk i 1 B AR (9 B A~ Y 6 E AT 201, Bl AR T 2 Mk L &9, WLU[5-
P 2 - 2- (4- PP 5 25 5 ) I e - N, C2){ 2- 7-(6- 48 FE M e -2- ) — 2 I R i -4- L ] -4- R SE b e} 4K (IV ) FI
{5-(F KE-ds)-2-[4-(FF JE-dl) 2 R Nk 0 3 -V, €2} [ 2-{ 7-[6- (FY 35 -l M I - 2- 35 ] — 2 - 0 g -4- i} - 4- (4 5 - ) it
BETAEK (V-dyo)o KA 'THNMR. HRMS, JCE MO At 1T T R 58k . FIH UV-Vis ik, %
&S (PL) FIAEIAR % 2O B B S BE &G M E AT T I, DUARTRE B IV IV -doo A & 1A
TR, IV T R L S5 IR, ARSIV RNV -dao BDCEUR OGS & ST 451 546.9 F1 548.0 nm,
BRSSO B . AWV -doo TERB LT RIMILTFR ST W SRR, B THRREY
(MM ppy-de),l r(MPPBFP-dg) I 4 & 51 I &y 552 nm, {6,447 47(0.43, 0.56), A HLIRAE Jy 97.49 cd/A ,
I K AMETROE R 26.83%.

XEIE: Ut HKECAEY; Bitie4e; OLED; Tigeskl

FESES: 06414  XEARIRAD: A XEHS: 1003-5214 (2024) 03-0580-08

Synthesis and device properties of azeticyclic phenylpyridine
iridium complexes

PAN Lulu', HANG Deyu?, CHEN Ting?, WEN Jie?, XIANG Lujun?, QIAN Jiasheng"
(1. College of Chemistry and Chemical Engineering, Anhui University, Hefei 230601, Anhui, China; 2. Beijing Yanhua
Jilian Optoelectronic Technology Co., Ltd., 102422, Beijing, China )

Abstract: By introducing phenylpyridine to modify 2-methylbenzofuran[2,3-b]pyridine-8-boronate (1I)
and partialy deuterizing the auxiliary ligand while fully deuterizing two methyl groups of 5-methyl-2-p-
tolylpyridine main ligand, two iridium complexes, bis[5-methyl-2-(4-methylphenyl)pyridyl-N,C?|{ 2-[7-(6-
phenylpyridin-2-yl)dibenzofuran-4-yl]-4-phenylpyridine} iridium (IV) and bis{ 5-(methyl-ds)-2-[4-(methyl-
ds)phenyl]pyridyl-N,C? [2-{ 7-[6-(methyl-d5)pyridin-2-yl] dibenzofuran-4-yl} -4-(phenyl-ds)pyriridine]iridium
(IV-dy), were synthesized, with the structures characterized and confirmed by 'HNMR, HRMS, and
elemental analyzer. The photophysical properties and energy level structure were then characterized by
UV-Vis spectroscopy, fluorescence emission spectroscopy (PL) and cyclic voltammetry. Devices were
constructed with iridium complexes IV and IV-dy as guests, and their performance was evaluated. The
results showed that iridium complexes IV and IV -dy displayed photoluminescence spectral emission
wavelengths of 546.9 and 548.0 nm, respectively, indicating potential yellow-green phosphorescent
materials. Iridium complexes IV -dy exhibited better device performance under electroluminescence. The
device constructed with iridium complex IV -doy showed an emission wavelength of 552 nm, color
coordinate of (0.43, 0.56), maximum current efficiency of 97.49 cd/A, and maximum external quantum
efficiency of 26.83%.
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WA VLA R G WA R &8 IR T 15% A e
HUEHEG, PRSI =S AT LU ok
G b, WK SRRNAT LLSZIE 1009%0Y P iR TR0
24y 20961 AN TRCR . BRI AWTSS 1, AL
KGR (OLED ) BHAEREA B HKAET), HHA
TR, FARETELL Rl (0 5 65 U AR A e

DEDEIAN %585 i 2- S Btk g e A RN = S04k 4k
IKE WA BT G0 % e e R = (- 2K SE kg ) &
B, HEA 40%MBGi % . 1.90 ps 1Y k1A 5T
Fan ML T 494 nm B9k BHg, HEAE &1~
R, (BEm, R A, 7R BRG] A DY
Tk Fm NIELE b, AE0S W R S LA YR R Fa
EME R AR SRR e A S B
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1 SEIEERSY
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11 KFIFALEE

— KA ZEALER (BRJT i 34>54.0% ), TU&
AL HA B A A RA R 2- 2 O R -2',6-
HAEIOR | 2-5-4-TREHE , AR, FIREEETG P25
HABRA T 5 2-H HE T Wi [ 2,3-b] ik WE -8- — 3
FRE R Eh (20 $0>99.5% ). X (HH i) L [5- Y
-2-(5- H Ft-2- ML WE B -1eN) 8 T -1 C1 K- 1,1, 1- — 9 FH e
TR L (70 %0>99.7% ). FACEEI R ( i /%L
>09.9% ), EBF/K. W(ZIRFB) —F s (R
B 15% ), 1-[4-(9,10- " Z83L) - 2- LA FL]-2-9%
Fe-1H-FGFkmE (BT, Fit/r40>99.9% ), 9- 7%
-3-[4-7R HE-6-(9- AR Hk R Ik R - 3- %) - 1,3,5- — 1 -2-
HE]-9H-fRmE (GH, i 53 41>99.9% ). 8- Kk i ik -
HiO(Lig, FiEr%>99.9% ). 4,4',4"-[(1E,1'E1"E)-
W E-1,2,3- = W7 3 — (505 H 68 W 56 )] —.(2,3,5,6-
PUCENE) (NDP-9, Jiiti/3%0>99.9% ). N-(1,1-1%
H)-2,7- T He-N-(9,9- L H 3 -2-%5 %£)-9,9- 12 —
Zy-2-M (HT, [ 4> 4$0>99.9% ). N,N-—(1,1-Hk
H)-4-F-4'-(QH-IRIE-9-3)-[1,1'- B K] -4-% ( EB, Jit

el

KA ILHE R R FBIZ IR 254, Ly ik R AEOE S E
T T AR, WITESS BB i EL S A B B
F AT A E YA R E P A, BT
Bt (C—D) MR (C—H) HinfaE, el
AR5 BT BRI B RE R URE, IRL,  E RPN AE
R PR E Pk B AR e,

ARSCH A I —Fh i B2 I AR M 2R T A 4
K HFAFAE &Y, 5T 'HNMR, HRMS Xif Hi4
AT RAE, FIUFEIMDERE | 26615, MM R%E
P He Wy B T R RE A M b AT g, IR AR
BAI AT R4, PR TIIN, AR
PERE, BT R —FEA @A EROR KA A B
KB kL. LAY EBIEEW TR,

\)

~/ CD;,
I -ds

74 50>99.9% ). 11-(4,6- — 7K %k -1,3,5- = s -2-
HE)-12-78KE-11,12- A W[ [2,3-a] R (HB, Jit
H40>99.9% ), JLa b EBOLRARAF; 42
O BE, AR, Pt AT BEAARA A BERE,
200~300 H, ¥ &iEFH 0B ea R A F]; BOIR
TR IS (T4 50>99.5% ). TooK BRI ( ity
#799.98% ). PU(—ARFERE) G (Biit /048 99% ).
AR LA ( DMSO-dg ) ( i /3% 99.9% ).,
HAi ], AR, i FoRAE LR e A R 7 5
Ny (RT3 %1 99.999% ), A BT Ui 7R <Ak A B
NI

Avance I 400 MHz 45 7 Ab A% wf JL IR Il i
1%, Hit Bruker /3#); SPD-20A EIAH @ REAX |
UV-3600 7 £ 4h-1] UL 4356 BET T, B Al A 2 mh
B ) A RAR; TGA 5500 BIFE Y, £ TA
%8N F] s Vario EL cube 7T & /- HF1Y , 7 [E Elementar
Al LSB5 MR T, SEEE AR R B
1A BR N 7] 5 FluoroMax PLUS 75 3 Bt [a] 43 9
FETEAL , H A Horiba 23 7] ; RE-501 AU jigf4 7% & AX ,
WS FHREFABRA T Milli-Q-Advantage A10
UKL, 3£ Pillipore /AW ; MZ93 ZE4EHL,
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12 EWAZE

121 2-F&-4-FH&we (1) 696

A AU EER 250 mL = B in A
iR (13.58 g, 0.11mol ), 2-5-4-1RtHE ( 21.00 g,
0.11 mol ). JC/KBRRET (29.58 g, 0.22 mol ), JH(=
HEHEIRE) A4 (0.64 g, 0.50 mmol ). 80 mL HIZ | 40 mL
JoK CEER 40 mL KB Tk, JFHRBidE = A Rk
B, A N0, J2 25 THEL, fiekE 75~80 °C
T RN 10 he SR, BRBREHIEER, A
40 mL FRAERM, AU RERCAE E 8T, Rk
WCORHR, R, e T, 198 H ({4 1850 g,
R 76.4%, BIREEH 1. 'THNMR (500 MHz,
CDCly), d: 8.44 (d, J = 45 Hz, 1H), 7.63~7.56 (m, 2H),
7.49~7.42 (m, 4H), 7.41 (s, 1H) . HRMS, m/Z: CyHsCIN
P {H 189.0327; MiR(H 189.0333, JULE/M#HT, Ht
5 (JEREH): C 69.67%, H 4.25%, N 7.39%; Sl
18 (FRE4M%0): C69.46%, H 4.32%, N 7.45%.

122 2-¥ R 5Fekwh 5F[2,3-b]wkwe -8- d s (11 )
89 A%,

) A HL I EE R 500 mL = HBS P A 2-
2RI IR [ 2,3-] i AE-8- — S i iR £5 ( 25.00 g,
0.076 mol ). AR Ai i ( 20.95 g, 0.082 mol ).
ZFRH (1555 g, 0.16 mol ), W(=ZKILk) &1k
#1 (1.58 g, 0.0023 mol ) #il 250 mL % /<R, JF
JaFEE A JEORNA R, B A No i1, JEE 4
THE, HYPRAEZ) 100 °CTF B9 S 20 h, K2R &5
WG SN R EN =, A 200 mL 4R 4T,
100 mL ffFI & Eh /K ZE B 3 Uk, WCHE AT LA 8 i
BEZR MR AR, RERCAEEATIRAL, WRURWCA v(BEk) ¢
V(O TR TR)=5 + 1 WIRA W, A WiE 7% e 19 2]
18.00 g H @@k, RN 76.6%, EIMEEW .,
'HNMR (500 MHz, CDCl3), 6: 8.24 (d, J = 7.8 Hz,

1H), 7.98~7.92 (m, 1H), 7.62 (dd, J = 8.5, 1.2 Hz, 1H),

7.35 (s, 1H), 7.25 (dt, J = 7.9. 0.8 Hz, 1H), 2.56 (s,
3H), 1.23 (s, 12H), HRMS, m/Z: C1gH,0BNO; FHit{E
309.1556; flliX{H 309.1547., JCE4MHT, BIS(E (R
%0 ): C69.93%, H 6.52%, N 4.53%; SZili{E ( Ji
43 %0): C69.46 %, H 6.43%, N 4.27%,
1.2.3  2-[7-(6-F b -2- ) = K 5wk vh-4- K )-4-
FAwerne () 846
A AL RS 500 mL = HHEH A LS

11 (5.00g,0.026 mol ). ft:54 11 (11.25 g, 0.026 mol ).
(WINPT 48 (0.53g, 0.0006 mol ), 2-—
RO AL RL-2,6 — A RO (1.06 g, 0.0026 mol ),
W4 (25.40g, 0.08 mol )., 250 mL HI4 . 60 mL
FETK, TRt 2 ra RN, A N 1T
P, IFZ L AT TR, RHE 100 °CA AT Il
KR 10 he N 584 Ja b B IR I E =, A
200 mL ZFRZ 5. 100 mL £ £k K 2B
A HUAHE o BEZE e s, RECAEJZ M, WRUEWCH V(B
bi) : V(GTR LTiR)=1 : 5IRA W, Jo/K LIRSS i d2
gfif5159%3] 2.20 g FE A, 13 51.8%, RiA{k
A1, *HNMR (500 MHz, CDCl3), 6: 8.63 (d, J =
4.6 Hz, 1H), 8.23~8.13 (m, 2H), 8.10 (dd, /= 9.2, 0.7
Hz, 1H), 7.85 (d, J = 1.9 Hz, 1H), 7.63~7.57 (m, 2H),
7.55~7.49 (m, 2H), 7.49~7.41 (m, 2H), 7.41~7.35 (m,
1H), 7.23~7.18 (m, 1H), 2.56 (d, J = 0.7 Hz, 3H),
HRMS, m/Z: CyHigN,O Hlip{d 336.1328; ik (H
336.1321, JLE 4B, B ME ( itk 734k ): C 82.12%,
H 4.79%, N 8.33%; SE{E ( it 3%k ): C 81.8%, H
4.72%, N 8.45%.,

124 2-R-4-CFA-dsywkrz (b | -ds) 4%

WA AL EER 250 mL = HE Ao AR AR
&R (1358 g, 0.11mol ), 2-5-4-RnlkiE (21.00g,
0.11 mol ), JC/KRRARER (29.58¢g, 0.22 mol ), PU(=
HIE)S4(0.64 g, 0.5mmol ), 80 mL I % . 40 mL
JoK AR 40 mL £ BTk, TR iRk 2 A Rk
WM, EA N AT IR, IR P T TR, R
1E 75~80 °CIRIVi S 10 ho [ 58 42 Ja 5 S 0 %
HEZRIMA 40 mL HIRFEIUM, A U L RE
AT IZAT, KPR R, I ARE T1581 17.40 g
@ AR, R 87.0%, B b &9 1 -ds. 'HNMR
(500 MHz, CDCl3), &: 8.42 (d, J = 4.5 Hz, 1H), 7.37
(dd, J = 4.4, 2.2 Hz, 1H), 7.32 (d, J = 2.1 Hz, 1H),
HRMS, m/Z: CyH3DsCIN P {H 194.0734; ik (H
194.0722, JLE T, BSE ( Fiit 4340 ): C 67.87%,
H 6.73%, N 7.2%; SZIE ( JFist 5048 ): C 67.46%, H
7.76%, N 7.14%,

125 2 [7-(6- % K wbvw -2- ) = K 5t vk vh -4
H]-4-CR R -ds)merz (MM-ds) #94%

A AL RER 500 mL = ORI AL S
¥ 1-ds (5.00g, 0.026mol ), k& (11.25¢,
0.026 mol ), = (W% FENE]) 4 (053 g,
0.6 mmol ). 2- "3 JE P 3E-2,6'- — H S JE IR

(1.06 g, 2.60 mmol ). fkMz4f ( 25.40 g, 0.08 mol ),
250 mL 1%, 60 mL 17K, Rt 2 AR
BHA, WA N AT ORY, JFEL AT TR, (15
YPEHE 100 °C AT ML O 10 he SO 56 42 ) H
A H Z E I A 200 mL 2R Z. g, 100 mL 1
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A ERKZERO W, A WU ek e, Rk
EH, WEEBRCh v(Bike) : M(CRRCTHER)=1: 5 IRE
W, KR BRAESR AGEEK 7.70 g,
A 86.8%, RV AL A4 T -ds. *HNMR (500 MHz,
CDCly), 6: 862 (d, J = 45 Hz, 1H), 8.23~8.17
(m, 1H), 8.16 (d, J = 7.9 Hz, 1H), 8.10 (dd, J = 9.2,
0.7 Hz, 1H), 7.93 (d, J = 1.9 Hz, 1H), 7.51 (dd, J =
10.1. 9.2 Hz, 1H), 7.46 (dd, J = 4.6. 2.0 Hz, 1H),
7.23~7.18 (m, 1H), 2.56 (d, J = 0.7 Hz, 3H), HRMS,
mlZ . CyuHiDsN,O B it {H 341.5276; I il {H
341.5269, JLE 43 M, BRI {E( i 4341 ): C 80.91%,
H 6.20%, N 8.21%; SZillff ( Jii 434k ): C 80.21%,
H 7.08%, N 8.15%.
1.2.6  2-{7-[6-(F H-d3) ez -2- K] = K 5F vk vk -4-
E}-4-CR A -dg)wkrz (MM-dg) 894,
A AL EER 250 mL = RS A& Y
Il -ds( 7.70 g, 0.0225 mol ). 5t H 3L EAR ( 30.00 g,
0.375mol ), AT E4H (0.26g, 2.3mmol ), T
FEEFTA FORNA R, WA N AT, JHB 31T
THR, HA3YPRHE 110 °CR B 5 he RBSEL ¥
REHIZE 70 °C, SEATIEZE 1M BR 2R = H
HEAR, SRJG A 200 mL 2. 1R 2 ES i it o Rl AT
WREECA V(BEEE) © M(CTROTR)=2 = L IIRAW, it
FEWOM T EZE W 4515 5] 7.60 g H@BEE, WRN
98.0%, HI LA M -ds. HRMS, m/Z: CyHgDgN,O
FHIE(H 344.1856; SCill{l 344.1856, JCErHr, HH
WAE (JFiE20%5k): C80.2%, H 7.02%, N 8.13%; 5t
ME (FiE%0): C79.46%, H 7.22%, N 4.45%,
1.2.7 R[5 A -2-(4-F A K A )wkvwg & -N,CY{2-
[7-(6-3F Hwbrg-2-2L) = 3 Ffek v -4- 2L ]-4- K%
A} omk (IV) #946m
A AL EER) 500 mL S O AL A
Y (4.60g, 0.0137 mol ), XL(H %) X[ 5- F 3-2-(5-
P - 2- Wb I KL e N) 2 B -1 C) -1, 1,1 = 5 PP o i 1R
ik (4.15 g, 54 mmol ), 50 mL Ji/K Z ., 50 mL
Tk B BT A i 4k 2 A OB R, A N EA TR
P, BEFEE 75 °C, BGCEIRN 24 h, K
SEA AW N R IE , BEDEJCK Z B EE, LT
B V(&P EE) - vOER)=1: 1 IR AWM
B, BRI V(Bike) - V(& k)=1: LIRAHK,
o ARV A BE AR MR A A F) 2.20 g A L EAR, SRR
51.8%, HPLC 4lifif Jfy 99.7%, B}y 454 IV . 'THNMR

(500 MHz, CDCl), 8: 9.23 (d, J = 1.9 Hz, 1H), 8.04 (d,

J = 7.6 Hz, 1H), 7.85~7.74 (m, 4H), 7.62 (d, J = 5.8
Hz, 1H), 7.56 (ddd, J = 12.5. 7.9. 3.6 Hz, 4H),
7.52~7.45 (m, 1H), 7.45~7.34 (m, 4H), 7.33~7.29 (m,
1H), 7.18~7.11 (m, 2H), 6.99 (d, J = 7.9 Hz, 1H), 6.78
(dd, J = 7.8, 1.8 Hz, 1H), 6.73 (t, J = 3.6 Hz, 2H), 6.61
(d, J = 1.8 Hz, 1H), 2.70 (s, 3H), 2.16 (d, J = 20.0 Hz,

6H), 2.10 (d, J = 10.3 Hz, 6H). HRMS, m/Z:
CaoHaol INJO FHIB(E 922.3234; ikl 922.3227, JC
28T, HLRME (Bii 7%k ): C 66.43%, H 4.92%, N
6.08%; SCME ( FiE 5340 ): C65.78%, H 4.89%, N
6.35%.
1.2.8  B{5-(F 4 -do)-2-[4-(F H-da) K K] wbrwg A -

N,C?}[2-{ 7-[6-(F # -da) bz -2- 2 ] = K Sk

v -4- 2k} -4-CF -dg) g 1 a4k (IV-dyp ) #9

AR

A AL RER 500 mL B Ao AL A
Y1 -dg( 4.60 g, 0.0134 mol ). X (FH i5) X 5-(F H-ds)-
2-[5-( P 3 -dl3)-2- MHE W -1 N) 2 3k -1 C} 6 -1,1,1- = 9
Hfehifi iR 45 (4.159g, 5.3 mmol ). 50 mL Jo/K Z B,
50 mL Jo/K B BEFE A bk A OB R, AN,
BT, ETHREE 75 °C, #OEEIR N 24 h,
JR 58 4 I B O IR E I PE I JEK B,
BET AR V(& W) « v(BEke)=1 : 1IRB W
fift A BRI V(BERE) - (AN KE)=1: LIRG
W, RAERGE A BEFE R AR ) 2.50 g A A, Uk
K 49.9%, HPLC 4l & 4 99.3%, B A tb G IV -dag.
'HNMR (500 MHz, CDCls), d: 9.23 (d, J = 1.9 Hz,
1H), 8.04 (d, J = 7.6 Hz, 1H), 7.85~7.40 (m, 4H), 7.62
(d, J = 5.8 Hz, 1H), 7.56 (ddd, / = 12.5. 7.9. 3.6 Hz,
4H), 7.52~7.45 (m, 1H), 7.45~7.34 (m, 4H), 7.33~7.29
(m, 1H), 7.18~7.11 (m, 2H), 6.99 (d, J = 7.9 Hz, 1H),
6.78 (dd, J = 7.8. 1.8 Hz, 1H), 6.73 (t, J = 3.6 Hz, 2H),
6.61 (d, J = 1.8 Hz, 1H), 2.70 (s, 3H). HRMS, m/Z:
CaoH19D20l INJO FEIE Al 942.4537; li{H 942.453,
JCE ST, HE(E (B 534K ): C 65.01%, H 6.95%,
N 5.95%; SCll{E (it 7341 ): C 64.71%, H 7.07%,
N 5.68%.
1.3 BEMHE
e, HHEA 120 nm BB ALY (1TO)

PEAR 1 375 BH B 38 SEAREA T8 vk, I UV &4
FE TR B2, B IEARE T N i F &4
WET 5 ARG, WS e A T S R P If e AN s
Erh, EEZSELA N 1.33x10° Pa BYIHHL T, LU
0.001~0.5 nm/s [y R T A 2T, HRKIKAE 1TO FH
W B T758E, [N 785465 HT F1 NDP-9, 1E
FESTIEAE, BN 100 nm, fb&Y) HT HIfESS
FUAERZ, JERE Y 130 nm. 1b& ¥ EB FHFEH FRH
PAE, JREEN 10 nm. RJE, BAERN EERMEEY
GH DL RAE BTN E IV . V-dy, ILZEHEH
YERICZ, BN 40 nm, L&Y HB 1Eh=s
SBHPSZ, JEREA 10 nm, 7EASXHPYE B, s
Yy ET M 8- SLmdsubk-#0 (Liq) Hhzes, 1 1%
)2, JBBECh 35 nm. BT, 758 10 nm JEEEAY Liq,
YENHEFEAZ, JFHZEYE 150 nm S/ A B
wJa, Bz I FE5, IR L
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SERGZ A S B UV-Vis W IKOETE FIHEEUR 6 I

1.4 RIEFERMERENR

TG Pt . Al A A E 28, N,
PR, SRS 30 mL/min, JHEE R K
5 °C/min, UV-Vis WWOE IR . 6 7= P 35 i 7
CH,Cl, ™, BeaiikE A 1.0x107° mol/L AUV, fdi 1]
AR WAL EE TR UV-Vis IIOETE . JeE
RICTETEME « W = FRAE CHLCl , BLRGR
1.0x10™° mol/L FY¥RL, (DG e G R e ook
6 (FL) i, BeARarmbat. i FHA P ) 4 3e
AN T =R T BRI Ffr i th 28,
e (A F AR 2=, DMF ™, —%
BRAE R AR = IR e e o BRI SR
FHECZS 24 HIVE T OLED #8048 ik Yo v il
WAL E X H 776 f PR AR I

2 GRS
21 TG H#r

TE NSRS, it TG T 2 Fkwiot il &
HERILIE 2,

YIN . IV -dy BT EPE,

4|00 5|00 6|00
HERE/PC
B2 aWN. V-dyplh TG i<k
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Table 1 Photophysical performance and electrochemical parameters of complexes

&Y Jabs/NM Jex/NM Jem/NM EredV EodV ELumoleV EgleV Enomol€V
v 227, 251, 352, 404 365 546.9 -1.637 0.959 —2.645 2.592 -5.237
IV-dy 254, 352, 404 365 548.0 -1.702 0.880 —2.500 2.582 -5.082
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Fig. 4 Fluorescence intensity attenuation curves of solid
powder IV and IV-dy iridium complex at room
temperature
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Table2 Performance data for device G and device G-dyg
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