35558 6 W Al 1k 2% 2% Eild Vol.35 No.6
2019 4E 6 A CHINESE JOURNAL OF INORGANIC CHEMISTRY 1020-1026

FEECMNRCRFARFERDES WG R & SRR

Mkl A E A T
(@A K F A Y T AL, B G 330013)
CEHARFRERFALFHLIER B3 330013)

TEE . T S 6 EREOR R H B 00 e 7 2% 3R R T AR (1D BE A4, DADKIE 2R bR 29595 -6- FFT 56 NH 1 9546 S 40 4
JEORL | N A= 2 44 IF R B T A (Ph-Im-flumePy)PF #1 (Ph-Benlm-mePy)PF, Bl J& 5= FL AR 5 Cu K B FE A X (2- 28 ik Jil ) 4% ik
(POP)EZ I, il 4 1 2 A~ P P2 288 Y 11 280 2% 26 R 22 40 (1D E 5 [ Cu(Ph-Im-flumePy) (POP) |PF, (P1)F1[Cu(Ph-Benlm-flumePy)(POP)|PF,
(P2), it R RS R X R A AT T R, REFE T AP S Al WO | R S DL B R G i S
PR A Y P1 P2 19 S AR 0 43 5 T 325 F1 335 nm A B ACIRE TR LAY P1TE 514 nm A RIS K
B BT RIEECEN 82.6% , A BTN 56 ps; AL A Y P2 MK AE 516 nm Ab , B F K ICHCE T 49.2% , k& 7540 50.6
wso £ PMMA(10% ,who) & F 0 BE &9 P1 A R ST BERS 2 505 nm &b BUR S FF408 0 40.7 s, 2+ K ERCEN 38.0% ; 1 i
G P2 R FHEAALT 508 nm &b BRE TN 61 ps, T KIEFEN 44.2%,

REW . WS ; BOLPR SO B FE
HESES . 0614.121 LEAARIRAD . A MEHS . 1001-4861(2019)06-1020-07
DOI:10.11862/CJIC.2019.129

Syntheses and Luminescent Properties of Green Phosphorescent
Four-Coordinated N-Heterocyclic Carbene Copper(I1) Complexes
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Abstract: N-heterocyclic carbene copper(I) complexes have received great attention in organic light emitting
diodes (OLEDs). However, a perusal of the literature shows that the three-coordinated species are widely studied,
while studies on the luminescent properties of the four-coordinated NHC-Cu(I) complexes is very scarce. With
the aim of expanding this work, and motivated by the rich photophysical properties of the four-coordinated NHC-
Cu(I) complexes, we now present the preparation of the two four-coordinated NHC-Cu(I) complexes. The N-
heterocyclic carbene ligands, (Ph-Im-flumePy)PFs and (Ph-BenIm-mePy)PF,, were synthesized by using imidazole,
benzimidazole, benzyl bromide and 2-bromo-5-fluoro-6-methylpyridine as starting materials. Then the ligands
were reacted with Cu powder and bis(2-diphenylphosphino)phenyl ether (POP) to synthesize the four-coordinated
N-heterocyclic carbene copper(I) complexes [Cu(Ph-Im-flumePy)(POP)|PF, (P1) and [Cu(Ph-BenIm-flumePy)(POP)]
PFs (P2). The resulting complexes were characterized by 'H NMR and HRMS. The optical properties of the
complexes were systematically investigated by measuring the UV-visible absorption spectra, luminescence spectra
and phosphorescence lifetime of the complexes. The results show that the complex P1 and P2 displayed the
lowest-absorption peak around at 325 and 335 nm, respectively. In the powder state, complex P1 exhibited strong
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green emission at 514 nm with 82.6% photoluminescence quantum yield (QY), as well as a 56 ps excited state

lifetime at room temperature, while complex P2 showed the emission peak centered at 516 nm with the QY value of
49.2%, as well as the excited state lifetime of 50.6 ws. In the PMMA films (10%, w/w), complex P1 showed the
emission wavelength at 505 nm and had the QY of 38.0% and the excited state lifetime of 40.7 s, whereas complex

P2 exhibited the strong green emission at 508 nm with the QY of 44.2% and the excited state lifetime of 61 s.

Keywords: copper(I) complex; phosphorescent material; green light emission; N-heterocyclic carbene
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1.1 HmHBER
L1 1-(2-3-95-6-H S AL BE DR e & 5 (1)

PRI (0.34 g, 5 mmol)Fl 2-V8-5-38L-6 H Lt g
(0.76 g,4 mmol) A F 100 mL Y BT HEHE H , im A
AT EEHH (S mmol ,0.12 o), il A LT Cul(0.076 g,
0.4 mmol) Fl1 4 3 = %A M (0.096 g,0.8 mmol),20 mlL
DMSO AR, B ARY TE 110CH -1 T %2
N 12 h, RME R A EE R, A 50 mL K I
A BRI 3 I, K BRIRBE T4 e+,
FHREBEAY R AT AR 4, 3 3hAH g TR £ TR /A T ik
(10:1, V/V)B IR 5 i kA B2 B 250, 45 31 1A
TR (036 g, 77%.51%), 'H NMR (400 MHz,
DMSO0-dy):8 8.62(d,J=69.9 Hz,1H),8.14~7.86(m,2H),
7.85~7.72(m,1H),7.38~7.09(m,1H) ,2.72~2.44(m , 3H).,
112 1-(2-6-FF LN RE) A IF BREA AR (2)

IESER A, SREEAREE 0.74 ¢,
2.71%),"H NMR(400 MHz,DMSO-dy):5 8.97(s, 1H),
8.37(t,J=12.4 Hz,1H),7.94(t,J=7.8 Hz,1H),7.80(d,
J=7.8 Hz,1H),7.74 (d,J=8.1 Hz,1H),7.38 (dt,/=
14.9,7.3 Hz,2H),7.29(d, J=7.5 Hz, 1H),2.60(s,3H).,
113 1-(2-3-9-6- 1 L nHk g R e .37 7S U IR

;AR (L)

771 1(0.266 g, 1.5 mmol) FIVE ALK (0.306 g,
1.8 mmol) A F| 50 mL B L 15 mL H A
5,60 CF RN 24 h, RMEAHRIG B R ER,
it 1SS oY ] 37k S o e [ S R TR N
IR AR T K R e A # 0 K B, AN R
R it | ™ A R (LT UE |, A B AT 31 1 At
TSR YRR L1(0.415 g, 77 %N 67%), 'H NMR
(400 MHz,DMSO0-dg):6 10.17(s, 1H),8.48(s, 1H),8.09
(t,J=8.7 Hz,1H),8.02(s,1H),7.93(d,/=8.6 Hz,1H),
7.52 (s,1H),7.51 (s, 1H),7.45 (d,] =6.3 Hz,1H),7.41
(d,J=8.7 Hz,1H),5.53(s,2H),4.39(t,/=4.8 Hz,2H),
2.53(d,J=8.8 Hz,3H), HRMS(CHsFN;,[L1-PFg]*):
mlz=268.123 6,

114 1-(2-6- LR BE) 8 T K 13- H 7S G B TR
Eh(12)

AW ES L1 ME L, (0.534 g, 7% .80%), 'H
NMR (400 MHz,DMSO-d):8 10.69 (s, 1H),8.51(d,J=
8.2 Hz,1H),8.18(t, J=7.9 Hz,1H),8.00(d,J=7.9 Hz,1H),
7.89(d,J=8.0 Hz,1H),7.80~7.68 (m,2H),7.62(dd, J=
16.9,7.6 Hz,3H),7.42 (dq,J=14.0,6.9 Hz,3H),5.89

(s,2H),2.67 (s,3H). HRMS: (CxH;FN;, [L2-PF]*):
mlz=318.142 1,
1.1.5 P& #I[Cu(Ph-Im-flumePy)(POP)|PF, (P1)i)
B

FEBCAR L1(0.413 g, 1 mmol), B (22K ik 8 7% 5L
fit (POP,0.64 g, 1.2 mmol) Fl i #3(0.12 g,2 mmol) /il
AF] 50 mL R FH H,50 «CF M 12 h, [ 4k
Hm, BEIEER, MR8, ERBRE 1
mL, fIA 70 mL FESSUT Bk | o) uE A4S 3 8 At
VE HET BB E [ R(0.59 g, %A 57%), 'H NMR
(400 MHz,DMSO-d,):5 8.36(s,1H),8.10(t,J=8.1 Hz,
1H),8.00(d,/=7.1 Hz,1H),7.47~7.36(m,8H),7.28(t,
J=6.5 Hz,8H),7.22~7.04(m, 11H),6.91(s,4H),6.78(s,
2H),6.70(d,J=7.2 Hz,2H),5.24(d , J=28.0 Hz,2H),1.72(s,
3H), P NMR(162 MHzCD,Cl,):8 —11.55(s),~136.81
(s), —141.19(s), —145.58 (s), —149.97 (s), —154.36 (s),
HRMS(C5,H,,CuFN;OP,, [P1-PF(]") : m/z=868.209 9,
1.1.6 it Y[ Cu(Ph-BenIm-flumePy)(POP)|PF, (P2)

1965 B

GRS PLAHIEL, (0.711 54 ¢, % .67%),
'H NMR (400 MHz,DMS0):56 8.25(d,/=8.3 Hz,1H),
8.20~8.05(m,2H),7.48(t,/=7.2 Hz,1H),7.34(t,/=7.7
Hz,9H),7.22(dd, J=18.7,7.0 Hz,9H),7.06(dt, J=26.2,7.6
Hz,11H),6.92(s,4H),6.78(s,2H),6.72(d , J=7.4 Hz,2H),
5.36(s,2H),1.90(d,/=23.9 Hz,3H), P NMR(162 MHz,
DMSO0-dy):8 —11.09(s),-136.78(s),-141.17(s) , —145.55
(s), —149.94(s), —=154.33(s), HRMS (CseHyCuFN;OP;,
[P2-PF,]"):m/z=918.225 6,
1.2 tEgEMER

W — 7 B 10 2% 0 I 2 GO RN A (1D C A5 4
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R X BRIV | BC B P A A% R SR IR Bl v [ 5 R Oy
g KR TC G TR S AR AR B R BR
M, AR RS R L AR A% . m/z=868.209 9
M mlz=918.225 6 &bt BB 1% 85 7% 43 5%
N BCA W P1OFT P2 2K & PR Y AH X 20 5 i (P
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Fig.2 'H NMR spectra of ligands L1, L2 and complexes P1, P2
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Table 1 Photophysical data of Cu(I) complexes P1 and P2
298 K 77 K
Absorbance Powder PMMA® PMMA
A/ nm (¢ / (L-mol™+cm™)
Aw/nm  7/ps  QY'/ % Ao/nm — 7/ps  QY/ % X [ nm
Pl 238(2.44x10% 276(1.25x10% 325 (5.3x10°) 514 56.0 82.6 505 40.7 38.0 497
P2 228(1.62x10% 278(1.3x10% 335 (8.2x10%) 516 50.6 49.1 508 61.0 44.2 506
*QY: quantum yield; * Mass fraction of complex in PMMA was 10%.

- I T 2 4 g B R e 3 2 B R £ 45 U B IR A fr =
| =10 pmot 1 T A5 HL PG RS OMLCT) BBl e 2% 55 N % 558 56338 e T
6x10° L 2 ANBE A K ST 3R R A 2 5 Xt R

7 sxo AN ) LA R B A i E JE R e A H A9 45 21 O 7F 340 nm
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g ol H R SR K5 9009 514 1 505 nm, T 45
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Fig.4 UV-Vis absorptions of the ligands and
corresponding Cu(I) complexes in CH,Cl,
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Fig.5 Phosphorescence emission spectra of P1 and P2 in powder state and in PMMA film
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Fig.6  Phosphorescence lifetime decay curves of P1 and P2 in powder state (a, ¢) and in PMMA film (b, d)
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