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Abstract: To study the effect of substituents on iridium phosphorescent complexes, fluorine, methoxy, or trifluoro-
methyl were introduced into positions 2 and 4 of phenyl at the same time to obtain 2,4-disubstituted phenyl-4-meth-
ylquinoline (2,4-2R-mpq). Three new iridium phosphorescent complexes (2,4-2R-mpq),Ir(tmd) (R=F (1), MeO (2),
CF, (3)) were synthesized by using 2,2,6,6-tetramethylheptanedione (tmd) as the auxiliary ligand, and 2,4-2R-mpq
with the electron-withdrawing group as the main ligands. The compositions and chemical structures of the complex-
es were characterized by elemental analysis, NMR spectroscopy, and single-crystal X-ray diffraction. The three iridi-
um complexes belong to the triclinic system with the P1 space group. The photophysical properties of the complexes
were studied by UV -Vis absorption spectroscopy, photoluminescence spectroscopy, and theory calculation. The
results indicate that complexes 1, 2, and 3 with the photoluminescence quantum yields of 96%, 80%, and 80% ex-
hibited maximum emission peaks at 570, 582, and 604 nm, respectively. When F and MeO are introduced into the 2
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and 4 positions of phenyl on the main ligand, the electron cloud of complexes 1 and 2 are aggregated, while the CF,

is introduced, and the electron cloud of the complex is dispersed. Compared with complex 3, the emission wave-

lengths of complexes 1 and 2 had a significant blue shift. Different from traditional cognition, the methoxyl group

represents an electron-withdrawing group. CCDC: 2217725, 1; 2217726, 2; 2217727, 3.
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2,4-Pentanedione, Na,CO,
[E—" .
2-Ethoxyethanol, Ar, 125 C

R= F (1), MeO (2), CF, (3)

K1 BCEY1~3 B5 ULL

Fig.1  Synthetic routes for complexes 1-3

PR, A 150 mL 2 —BEBA 21k, R RS 3 IR
ER AR IR RN 4 he B30, 1308, 7E
60 CFHZ T, M AW et o+, 4 — &
Jot e 4 22 200 mL B, T BEZE I ANA 50 mL JEK &
P, T 7% B 2 G W e, b B L TR A B (A TR R
455 g, W% K 83.7%., 'H NMR (500 MHz, CDCL,): 6
7.92(s, 2H), 7.90(d, J=1.2 Hz, 2H), 7.50~7.46(t, J=7.5
Hz,2H),(ddd, J=8.3,6.8,1.3 Hz,4H), 6.46~6.41(ddd,
J=12.8,9.3,2.3 Hz,2H),6.09~6.06(dd , J=8.8,2.3 Hz,
2H), 4.86(s, 1H), 2.89(s, 6H), 0.60 s, 18H)., "“C NMR
(125 MHz, CDCL,): 8 194.25, 166.86, 166.80, 163.26,
163.16,162.72,162.62,161.23,161.13,160.66, 160.56,
155.36,155.30,148.23,146.77,131.31, 130.36, 127.19,
126.45,125.92,123.44,120.71,120.56,118.19, 118.17,
118.06,118.04,97.49,97.27,97.06,89.21,40.59,27.69,
19.34, JCE T CHNF,0,Ir 515 (%) : C,
59.10; H, 3.34; N, 3.21. LI {E (%): C, 59.12; H,
3.36;N,3.24,
132 (2,4-2MeO-mpq),Ir(tmd) (2)f &%,

FHVY (2, 4~ (F 480 ) A Bk -4 - FP B s o) — 504k
B T BRIAR(4.90 g,3.40 mmol) LI (2, 4- — F AR HE-4-
FP k) — A Bk 3R K(5.0 g, 3.40 mmol), 15 F 4T
6 [ {K 4.08 g, W F N 74.6%. 'H NMR(500 MHz,
CDCL,):8 8.72~8.71(d, J=0.7 Hz,4H),8.31~8.29(d, J=
8.9 Hz, 2H), 7.81~7.79(dd, J=8.2, 1.1 Hz, 2H), 7.39~
7.33(m, 2H), 6.08~6.07(t, J=3.5 Hz,2H), 5.85~5.84(d,
J=2.3 Hz, 2H), 4.77(s, 1H), 3.99(s, 6H), 3.28(s, 6H),
2.82(s,6H), 0.60(s, 18H). *C NMR(125 MHz, CDCL,):
5193.55,169.13,160.23,159.79,157.64,148.44,144 34,
129.22,128.99,127.60,125.72,124.35,122.82, 121 .45,
112.87,92.25,88.49,55.08,, 54.65,40.48,27.79,19.39,,
JCE T CoHy N O Ir Y385 (%): C, 62.71; H,
5.71;N,3.11, SEME(%):C,62.72;H,5.69;N,3.12,

1.3.3  (2,4-2CF,-mpq),Ir(tmd) (3)H4 K,

FHVY (2, 4- = (=50 H5E) 28 6 -4- FH e s o) — 4l
oAk — B AK(6.37 g,3.40 mmol) B4 DU (2, 4- — A< ik
-4- BB ) — A AR AK TR IR (5.0 g, 3.40 mmol), 15
) 21 €8 B4R 5.73 ¢, IR K 77.7%. "H NMR(500
MHz, CDCL,): 8 8.38(s, 2H), 7.99~7.93(m, 4H), 7.63(s,
2H), 7.55~7.51(dd, J=33.6, 26.2 Hz, 2H), 7.34~7.30
(m, 2H), 6.97(s, 2H), 4.77(s, 1H), 2.90(s, 6H), 0.59(s,
18H), “C NMR (125 MHz, CDCL,): 8 194.46, 166.23,
155.86,148.33,148.11,146.61,136.67, 130.61, 127.90,
127.65,127.45,127.22,127.12,126.68 , 125.26, 124.33,
123.55,123.09,122.16,121.85,121.78,121.72, 121.65,
117.86, 88.99, 40.60, 27.73, 19.56., JC % /¢ Mr #%
CHyN,F 0,0 B 3155 4H (%) C, 52.08; H, 3.63; N,
2.58, S2M{E(%):C,52.05;H,3.65;N,2.60.
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Table 1 Crystallographic data for complexes 1-3

Parameter 1 2 3
Chemical formula C3H;oF, 1N, 0, C4Hs IrN,O¢ CyHyoF 1N, 0,
Formula weight 883.96 932.10 1 084.00
T/K 100(2) 150 100.15
Crystal system Triclinic Triclinic Triclinic
Space group P1 P1 P1
a/nm 1.254 3(5) 1.082 60(7) 1.105 9(4)
b/nm 1.765 8(7) 1.946 37(14) 1.328 &(5)
¢/nm 1.802 0(7) 2.150 48(14) 1.617 9(6)
al(°) 75.337(6) 114.999(3) 80.106(5)
B/(°) 72.247(6) 93.990(3) 79.109(5)
y/(°) 81.599(6) 91.592(3) 67.720(5)
V/nm? 3.667(3) 4.088 7(5) 2.147 2(14)
A 4 4 2
D,/ (g-cm™) 1.601 1.514 1.677
(Mo Ke) / mm™ 3.701 3.317 3.203
F(000) 1760 1 888 1072
0 range for collection / (°) 1.195-31.547 2.277-26.022 1.666-25.998
Reflection collected 32544 62 788 17755
Independent reflection 12 595 14 306 8222
Number of parameters, restraint 953, 65 1033,9 585,0
R, 0.060 9 0.0770 0.0312
R,, wR, (all) 0.096 9, 0.209 8 0.0937,0.156 8 0.028 7, 0.066 9
R, wR, [I>20(])] 0.0827,0.201 8 0.057 6,0.156 8 0.024 8, 0.064 3
GOF on F? 1.142 1.033 1.053
®2 BMAWISHEZERKOmMERC)
Table 2 Selected bond lengths (nm) and angles (°) of complexes 1-3
1
Ir1—01 0.214 9(8) Ir1—NI1 0.204 9(8) Ir1—C23 0.196 7(10)
Ir1—02 0.211 3(7) Ir1—N2 0.206 3(9) Ir1—C43 0.194 9(10)
02—Ir1—01 86.8(3) C43—Ir1—N2 80.9(4) C23—Ir1—N1 79.6(3)
N1—IrI—N2 176.9(3) C43—Ir1—02 175.8(3) C23—Ir1—01 178.2(3)
2
Ir1—01 0.214 1(6) Ir1—NI1 0.206 8(7) Ir1—C14 0.197 5(8)
Ir1—02 0.214 9(6) Ir1—N2 0.205 8(7) Ir1—C32 0.199 4(9)
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01—Ir1—02 86.0(2) C14—Ir1—N1 79.9(3) €32—Ir1—N2 79.8(3)

N2—Irl—N1 176.5(3) C14—Ir1—01 175.5(3) €32—Ir1—02 174.7(3)
Irl—01 0.2123(2) Irl—N1 0.205 0(3) Irl—C14 0.196 9(3)
Irl—02 0.214 4(2) TIrl—N2 0.207 4(3) Irl—C32 0.198 1(3)

01—Tr1—02 87.05(9) C32—TrI—N2 78.99(12) C14—Tr1—NI 79.36(12)

N1—Tr1—N2 177.47(10) C14—Tr1—02 174.08(11) C32—Tr1—01 179.44(11)

C29

C10

Hydrogen atoms are omitted for clarity

K2 HCE1~3 B ER A 209% 1Y St IR 25
Fig.2  Crystal structures of complexes 1-3 with an ellipsoid probability of 20%
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Fig.3  Absorption spectra of (2,4-2R-mpq),Ir(tmd)
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Fig.4 Photoluminescence spectra of

(2,4-2R-mpq),Ir(tmd)
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&, e 2R I B3LYP/LanL2TZ (8 ik A4k T 3 4
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FRAE (B 5)0 3B G W BAT AR B 1 2= o0 A
fiE, L HOMO 2 5T FERAKR R AR A0 2 8
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K5 EBELELG Y 1~3 5 HOMO-LUMO REZ% 4]
Fig.5 HOMO-LUMO energy level diagram for iridium

phosphorescent complexes 1-3

R3 BEEWI1-3HEYIE RS

Table 3 Photophysical performance parameters of complexes 1-3

Complex Ay / nm A, /nm A,/ nm FWHM / nm Dy,
(2,4-2F-mpq),Ir(tmd) (1) 272,332,448 273 570 77 0.96
(2,4-2MeO-mpq),Ir(tmd) (2) 286, 368, 460 275 582 74 0.80
(2,4-2CF5-mpq),Ir(tmd) (3) 263,324, 460 277 604 79 0.80
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2L2,2,6,6-PU 3P i (tmd) 4 B BC A, 2,
4- TR LR I -4k (2, 4-2R-mpq) A TR, 18
T2 T R 2R 3 1) 2 A5 T 4 37 [R] BE B OAGRL(F) L PP AR 3
(MeO) 5k =5 H 5L (CF,), BLT A W 3 /W% o 3 (4]
161 ) 24 s R S B O T 5 90 (2, 4-2R-mpq), I
(tmd)(R=F .MeO .CF;). FIJH X 5 42 B i A3 5 S o
T3NE AW RS, IR E T =R R, =
A PL, S EMERERTIT 45 SR R < 3 k(D T
AW B AL W RRAE AN ] 1 H, 1 P S 3
T WS AT AN ] SR R SR R M W A e A
B, ORiEsE, MR W I A
G T = A — R, CF B A5 LA
PI L =85, RO Iy m A 3y, 1 F
I MeO BUR G, B & P10 L7 = AL, RO
TS, (2,4-2F-mpq),lr(tmd) (2, 4-2MeO-mpq),Ir
(tmd) F1(2, 4-2CF,-mpq),Ir(tmd) A9 & 55 3 K 5 51 R
570,582 1 604 nm, B S0 W 0 577 345 5k
96% .80% 1 80% , A 1 N ML HLBUA S GH L1 10
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