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Abstract： By introducing a chiral ligand induction strategy， two pairs of iridium complexes， Λ/Δ-Ir（pppy）2（acac） 
and Λ/Δ-Ir（pppy）2（tmd） （pppy = 2-phenyl-5，6-pinenopyridine）， were synthesized and readily separated by conven⁃
tional column chromatography.  All complexes exhibit similar photophysical properties in solution.  Remarkably， self-
quenching is significantly suppressed even at high concentrations owing to the bulky pinene spacer that minimizes bi⁃
molecular interactions.  Importantly， the Λ - and Δ - diastereomers exhibit intense and opposite CD and CPL signals 
with luminescence dissymmetry factors glum on the order of 10-3.  These results demonstrate that introducing a chiral， 
sterically hindered pinene moiety at the 5，6-positions of 2-phenylpyridine not only facilitates diastereomer separation 
but also effectively enables strong chiroptical responses while maintaining excellent anti-quenching properties.

Keywords： Iridium complexes； chiral synthesis； photophysical properties； chiroptical properties； pinene-derived li⁃
gand

CLC number： O482. 31   Document code： A               
DOI： 10. 37188/CJL. 20260139          CSTR： 32170. 14. CJL. 20260139

蒎烯基手性铱配合物的合成、光物理与手性光学性质研究
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摘要： 通过引入手性配体诱导策略，利用常规柱层析方法分离得到了两对手性铱配合物 Λ/Δ -Ir（pppy）2
（acac）和 Λ/Δ-Ir（pppy）2（tmd）（其中 pppy = 2-苯基-5，6-蒎烯并吡啶）。所有配合物在溶液中均表现出相似的

光物理性质。值得注意的是，即使在高浓度下，由于体积庞大的蒎烯间隔基最大限度地减少了双分子相互作

用，自猝灭现象也被显著抑制。重要的是，Λ-和 Δ-非对映异构体显示出强烈且相反的圆二色（CD）和圆偏振

发光（CPL）信号，其发光不对称因子 glum达到 10-3数量级。这些结果表明，在苯基吡啶的 5，6-位引入手性且具

有空间位阻的蒎烯基团，不仅有利于非对映异构体的分离，还能在保持优异抗猝灭性能的同时，有效实现强的

手性光学响应。

关 键 词： 铱配合物； 手性合成； 光物理性质； 手性光学性质； 蒎烯基配体

1　Introduction
Over the past few years, cyclometalated iridium 

complexes have attracted considerable research in⁃
terest for their applications in photoredox catalysis,
[1-2] biosensing, [3-4] bioimaging, [5] and others. [6-8] 
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Thanks to the spin-orbit coupling (SOC) of the heavy 
iridium ion, iridium complexes possess many out⁃
standing photophysical properties, including high 
emission quantum yield, short phosphorescence life⁃
times, large Stokes shifts, and high radiative decay 
rates. [9] These advantages enable them to be promis⁃
ing emitters that are used in organic light-emitting 
diodes (OLEDs). [10-13] Furthermore, chiral iridium 
complexes can act as luminescent materials to emit 
circularly polarized luminescence (CPL) that has po⁃
tential applications in various fields, including opti⁃
cal data storage, [14] information encryption, [15] three-

dimensional display, [16] microscopy probes, [17] and so 
on. [18-19] As a result, many strategies have been devel⁃
oped to synthesize chiral iridium complexes, such as 
resolution with chiral high-performance liquid chro⁃
matography (HPLC),[20-24] the utilization of a chiral li⁃
gand followed by separation of the resulting diaste⁃
reomers, [25-30] and co-crystallization with an appropri⁃
ate chiral counterion. [31] On the other hand, subtle 
modifications to the ligands of iridium complexes en⁃
able facile color tuning, while also modulating their 
photophysical and electroluminescent properties.
[32-39] For example, in 2001, Lee and co-workers re⁃
ported a green phosphorescence iridium complex Ir
(pppy)3, wherein a chiral pinene moiety was intro⁃
duced into 2-phenylpyridine at 4,5-positions. [40] This 
modification significantly inhibited self-quenching 
in solution even at very high concentrations, owing to 
the pinene acts as a sterically hindered spacer.  
Moreover, this complex exhibited good electrolumi⁃
nescence performances even doped at high concen⁃
trations (up to 26%) with little concentration quench⁃
ing.  However, its chiroptical properties were not in⁃
vestigated.  Employing the same chiral ligand, Zheng 
and coworkers synthesized a pair of iridium complex⁃
es (R/S)Ir(pppy)2(acac). [41] They found that the self-
quenching was efficiently inhibited due to the steri⁃
cally hindered pinene substituents, which reduced 
the interaction between molecules.  Importantly, us⁃
ing this iridium as emitter, the OLEDs showed a 
maximum luminance of 135 676 cd m-2, a maximum 
current efficiency of 103 cd A−1, and an EQEmax of 
28. 0% with low efficiency roll-off.  Unfortunately, 

these complexes showed very weak CPL signals, pre⁃
sumably due to they lack metal-centered chirality 
and the asymmetric carbons of ligand are far from 
the metal center.

In this work, we introduce a chiral and sterical⁃
ly hindered pinene moiety at the 5, 6-positions of 2-

phenylpyridine to further increase the steric hin⁃
drance, with the aim of enhancing the ability to in⁃
hibit self-quenching.  In addition, the introduction of 
a chiral ligand would potentially facilitate the resolu⁃
tion of chiral iridium complexes.  As a result, two 
pairs of iridium complexes, Λ/Δ -Ir(pppy)2(acac) and 
Λ/Δ -Ir(pppy)2(tmd), were synthesized using enantio⁃
pure 2-phenyl-5, 6-pinenopyridine as the main li⁃
gand and Hacac (or Htmd) as the auxiliary ligand.  
The corresponding Λ - and Δ - diastereomers were 
readily separated by conventional column chromatog⁃
raphy.  All the complexes exhibit similar photophysi⁃
cal properties in solution.  It is observed that the self-
quenching is significantly suppressed even at high 
concentrations, owing to the bulky pinene spacer 
that minimizes bimolecular interactions.  Meanwhile, 
the diastereomers with Λ and Δ configurations at the 
metal center show intense circular dichroism (CD) 
and CPL signals with positive and negative Cotton ef⁃
fects, respectively, and glum on the order of 10-3.
2　Experiment
2. 1　Materials and Measurements

All solvents and materials were used as re⁃
ceived from commercial suppliers without further pu⁃
rification.  Flash column chromatography was per⁃
formed using silica gel 60 (200-300 mesh).  High-

resolution mass spectrometry (HRMS) was recorded 
on a Q-TOF (AB SCIEX X500R with ESI source, 
and Agilent 7250 with EI source), which combines 
quadrupole precursor ion selection and a high-reso⁃
lution accurate-mass (HR/AM) time of flight mass 
analyzer to deliver mass accuracy.  All 1H NMR and 
13C{1H} NMR spectra were recorded on Bruker 
DRX600 and AMX-400 instruments.  UV-vis absorp⁃
tion spectra were measured in dichloromethane solu⁃
tions in 1 cm quartz cuvettes sealed with a screw cap 
and septum, using a Shimadzu UV-2600i UV-Vis 
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spectrophotometer.  Steady-state emission spectra 
and phosphorescence lifetimes were measured using 
a Horiba FluoroMax-4 spectrofluorometer with ap⁃
propriate long-pass filters to exclude stray excitation 
light from detection.  Photoluminescence quantum 
yields of solution samples were determined relative 
to a standard of fac-Ir(ppy)3 in dichloromethane, 
which has a reported fluorescence quantum yield (Φ) 
of 0. 4.  Voltammetric experiments were performed 
using a DH7000D electrochemical workstation.  The 
CD spectra were measured on a MOS-500 spectropo⁃
larimeter.  The CPL spectra were measured on a Jas⁃
co CPL-300 spectrophotometer.
2. 2　Synthesis of Chiral Iridium （III） complexes

Fig. 1 outlines the synthetic routes of two pairs 

of chiral Ir(III) complexes, which were synthesized 
using the literature methods. [42] Firstly, the reaction 
of enantiopure 2-phenyl-5, 6-pinenopyridine ligand 
with IrCl3∙xH2O in a 3:1 ethoxyethanol-H2O mixture 
at 125 ° C mainly led to the formation of the corre⁃
sponding dimers in homochiral fashion.  Its worthy 
mention that these two diastereomers can be separat⁃
ed on silica gel chromatography, which is more syn⁃
thetically convenient than the conventional chiral 
iridium complexes that typically rely on expensive 
and complicated chiral HPLC resolutions.  Then, the 
individual diastereomer reacted with Hacac or Htmd 
in the presence of sodium carbonate (Na2CO3) in di⁃
chloromethane under reflux conditions, affording the 
final chiral iridium complexes.

Λ -Ir(pppy)2(acac): Yield: 73%.  1H NMR (600 
MHz, CDCl3) δ 7. 57 (d, J = 8. 0 Hz, 2H), 7. 49 (d, 
J = 6. 5 Hz, 2H), 7. 27 (d, J = 7. 9 Hz, 2H), 6. 82–
6. 77 (m, 2H), 6. 65 – 6. 60 (m, 2H), 6. 36 (d, J = 
7. 5 Hz, 2H), 5. 23 (s, 1H), 3. 34 (dd, J = 18. 7, 2. 8 
Hz, 2H), 3. 21 (dd, J = 18. 7, 3. 4 Hz, 2H), 2. 81 (t, 
J = 5. 8 Hz, 2H), 2. 63 (dt, J = 10. 3, 5. 6 Hz, 2H), 
2. 20 (dt, J = 6. 1, 3. 0 Hz, 2H), 1. 58 (s, 6H), 1. 39 
(s, 6H), 1. 29 (d, J = 4. 6 Hz, 2H), 0. 70 (s, 6H).  13C
{1H} NMR (150MHz, CDCl3) δ 185. 4, 166. 7, 
160. 8, 146. 8, 144. 4, 140. 5, 134. 6, 134. 1, 127. 8, 
123. 1, 120. 9, 114. 5, 101. 3, 47. 1, 40. 3, 38. 9, 
35. 6, 31. 4, 28. 2, 25. 8, 21. 0.  HRMS-ESI m/z: [M+
H] + Calculated for C41H44IrN2O2 789. 3027; Found 
789. 3037.  CD (DCM): λ, nm (Δε, M-1cm-1): 268 
(38. 8), 288 (28. 6), 333 (23. 4).

Δ -Ir(pppy)2(acac): Yield: 77%.  1H NMR (600 

MHz, CDCl3) δ 7. 58 (d, J = 8. 0 Hz, 2H), 7. 51 (d, 
J = 7. 7 Hz, 2H), 7. 28 (d, J = 7. 9 Hz, 2H), 6. 81 (t, 
J = 7. 6 Hz, 2H), 6. 61 (t, J = 7. 3 Hz, 2H), 6. 42 (d, 
J = 7. 7 Hz, 2H), 5. 21 (s, 1H), 3. 31 (dd, J = 18. 7, 
3. 2 Hz, 2H), 3. 11 (dd, J = 18. 8, 2. 9 Hz, 2H), 2. 80 
(d, J = 5. 8 Hz, 2H), 2. 66 (dt, J = 10. 7, 5. 7 Hz, 
2H), 2. 22 (dt, J = 6. 1, 3. 1 Hz, 2H), 1. 59 (s, 6H), 
1. 38 (s, 6H), 1. 24 (d, J = 9. 4 Hz, 2H), 0. 79 (s, 
6H).  13C{1H} NMR (150 MHz, CDCl3) δ 185. 4, 
166. 6, 160. 7, 146. 8, 144. 6, 140. 2, 135. 0, 134. 7, 
127. 5, 123. 1, 121. 0, 114. 6, 101. 0, 47. 0, 40. 7, 
38. 7, 36. 1, 31. 7, 28. 2, 25. 9, 21. 6.  HRMS-ESI m/

z: [M+H] + Calculated for C41H44IrN2O2 789. 3027; 
Found 789. 3027.  CD (DCM): λ, nm (Δε, M-1cm-1): 
268 (-36. 3), 286 (22. 3), 333 (-25. 9).

Λ -Ir(pppy)2(tmd): Yield: 75%.  1H NMR (600 
MHz, CDCl3) δ 7. 55 (d, J = 7. 9 Hz, 2H), 7. 51 (d, 

 

Fig.1　The synthetic route of four chiral Ir（III） complexes.

3



发 光 学 报

J = 7. 6 Hz, 2H), 7. 22 (d, J = 7. 9 Hz, 2H), 6. 81 (t, 
J = 7. 3 Hz, 2H), 6. 62 (t, J = 7. 1 Hz, 2H), 6. 43 (d, 
J = 7. 6 Hz, 2H), 5. 50 (s, 1H), 3. 15–3. 03 (m, 4H), 
2. 77 (t, J = 5. 7 Hz, 2H), 2. 58 (dt, J = 9. 5, 5. 6 Hz, 
2H), 2. 10 (tt, J = 6. 1, 3. 0 Hz, 2H), 1. 34 (s, 6H), 
1. 23 (d, J = 9. 4 Hz, 2H), 0. 79 (s, 18H), 0. 69 (s, 
6H).  13C{1H} NMR (151 MHz, CDCl3) δ 193. 8, 
166. 9, 160. 7, 147. 1, 146. 7, 139. 8, 134. 6, 134. 3, 
127. 1, 122. 7, 120. 3, 114. 2, 90. 8, 47. 0, 41. 0, 
40. 0, 38. 9, 36. 1, 31. 4, 28. 0, 25. 8, 21. 8.  HRMS-

ESI m/z: [M+H] + Calculated for C47H56IrN2O2 
873. 3966; Found 873. 3956.  CD (DCM): λ, nm 
(Δε, M-1cm-1): 266 (56. 4), 293 (42. 6), 335 (31. 8).

Δ -Ir(pppy)2(tmd): Yield: 81%.  1H NMR (600 
MHz, CDCl3) δ 7. 55 (d, J = 7. 9 Hz, 2H), 7. 52 (d, J = 
7. 6 Hz, 2H), 7. 23 (d, J = 7. 9 Hz, 2H), 6. 81 (t, J = 
7. 2 Hz, 2H), 6. 61 (t, J = 7. 0 Hz, 2H), 6. 51 (d, J = 
7. 5 Hz, 2H), 5. 46 (s, 1H), 3. 21 (dd, J = 19. 0, 3. 1 Hz, 
2H), 2. 94 (dd, J = 18. 9, 2. 9 Hz, 2H), 2. 75 (t, J = 5. 7 
Hz, 2H), 2. 64– 2. 58 (m, 2H), 2. 11 (dt, J = 6. 1, 3. 1 
Hz, 2H), 1. 35 (s, 6H), 1. 18 (d, J = 9. 3 Hz, 2H), 0. 76 
(s, 6H), 0. 75 (s, 18H).  13C{1H} NMR (150 MHz, CDCl3) 
δ 194. 1, 166. 7, 160. 8, 147. 0, 146. 6, 139. 8, 135. 5, 
134. 3, 127. 1, 122. 7, 120. 4, 114. 2, 90. 2, 47. 0, 
41. 0, 40. 5, 38. 8, 36. 0, 31. 6, 27. 9, 25. 9, 21. 6.  
HRMS-ESI m/z: [M+H] + Calculated for C47H56IrN2O2 
873. 3966; Found 873. 3961.  CD (DCM): λ, nm (Δε, 
M-1cm-1): 266 (56. 4), 293 (42. 6), 335 (31. 8).
3　Results and Discussion

The high diastereomeric purity of these four 
complexes was confirmed by 1H-NMR, and the abso⁃
lute configuration of Λ -Ir(pppy)2(tmd) was confirmed 
by X-ray crystallography.  All four complexes dis⁃
play high configurational stability without any signifi⁃
cant isomerization or decomposition upon leaving 
the complexes in the solid state in the fridge for two 
months.  Their structures were characterized by nu⁃
clear magnetic resonance (NMR) spectroscopy and 
mass spectrometry.  Single crystals of Λ -Ir(pppy)2
(tmd) suitable for testing were cultivated by allowing 
the solvent to slowly diffuse and evaporate.  As 
shown in Fig.  2, Λ -Ir(pppy)2(tmd) adopts a pseudo-

octahedral coordination geometry, in which the Ir at⁃

om is surrounded by C and N atoms from two pppy li⁃
gands and two O atoms from Htmd.  The bond 
lengths of Ir–C(14) and Ir–C(32) are 1. 999(8) and 
1. 990(8) Å, while the bond lengths of Ir– N(1) and 
Ir–N(2) are 2. 079(6) and 2. 089(6) Å, respectively.  
Two Ir– O bonds are 2. 169(5) and 2. 155(5) Å, re⁃
spectively.  The angles of C(14)– Ir–N(1), C(14)–
Ir – N(1), and O(1)– Ir – O(2) are 80. 7(3)° , 81. 1
(3)° and 85. 6(2)°, respectively.  These bond data are 
close to those found in other cyclometalated Ir com ⁃
plexes. [24,41]

The normalized UV-visible absorption and pho⁃
toluminescence (PL) spectra of the four diastereomeri⁃
cally pure Ir(III) complexes in dichloromethane at 
room temperature are illustrated in Fig.  3.  All four 
complexes show almost identical spectra, indicating 
that metal-centered chirality and the auxiliary ligand 
have little influence on the steady-state photophysical 
properties.  The strong bands around 272 nm should 
originate from π -π* transitions of the cyclometalated 
ligands.  The weak bands at longer wavelength around 
360-500 nm may be assigned to the mixture of the 
spin-allowed singlet metal-to-ligand charge transfer 
(1MLCT) and triplet metal-to-ligand charge transfer 
(3MLCT) transitions (Tab.  1).  The phosphorescent 
properties of the four complexes were investigated us⁃
ing an excitation wavelength of 320 nm.  They all ex⁃
hibit green emissions with peaks around 509 nm and 
shoulders at around 530 nm.  The lifetimes of Λ -Ir

Fig.2　ORTEP diagram of Λ -Ir（pppy）2（tmd） with the ellip⁃
soids drawn at the 30 % probability level. Hydrogen 
atoms are omitted for clarity.
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(pppy)2(acac) and Λ -Ir(pppy)2(tmd) in degassed di⁃
chloromethane at different concentrations (from 1×
10-4 to 1×10-6 mol/L) were then tested.  The measured 
lifetimes were linearly correlated with each other, and 
could be fitted to the Stern-Volmer kinetics equation: 
τ0/τ = 1+kqτ0[C].  τ0 and kq were calculated to be 
7. 82 μs and 1. 6×108 L/mol·s-1 for Λ -Ir(pppy)2(acac) 
and 9. 12 μs and 2. 32×108 L/mol·s-1 for Λ -Ir(pppy)2
(tmd), respectively.  kq is below the diffusion-con⁃

trolled limit of 10×1010 L/mol·s-1, [43] indicating that 
there exists weak concentration quenching in Λ -Ir
(pppy)2(acac) and Λ -Ir(pppy)2(dpm) solution, which 
may be due to the high steric effect of the pinene moi⁃
ety.  The quantum efficiency of Λ/Δ -Ir(pppy)2(acac) 
and Λ/Δ-Ir(pppy)2(tmd), measured in degassed dichlo⁃
romethane solutions, was determined to be 9. 8%, 
8. 3%, 11. 7%, and 12. 6%, respectively, with fac-Ir
(ppy)3 as reference (Tab.  1).

The theoretical calculation was performed to 
gain a deeper understanding of the electronic struc⁃
ture of these two pairs of chiral complexes.  The ge⁃
ometry optimizations and energy calculations were 
performed using density functional theory (DFT) at 
the B3LYP level with the 6-31G(d,p)/LanL2DZ basis 
set in Gaussian 16 in the gas phase.  The frontier mo⁃
lecular orbitals of Ir(pppy)2(acac) and Ir(pppy)2(tmd) 
were illustrated in Fig 4 (left).  For the Ir(pppy)2
(acac), the HOMO is mainly distributed over the two 
phenyl rings of the pppy (45. 30%) and the d orbitals 

of the iridium center (41. 67%).  In contrast, the LU⁃
MO is predominantly localized on the cyclometalat⁃
ed main ligands (92. 30%).  Both the HOMO and LU⁃
MO show negligible contributions from the ancillary 
ligand (acac), accounting for only 3. 72% and 
0. 46%, respectively.  The HOMO of Ir(pppy)2(tmd) 
is similarly distributed over the two phenyl rings 
(45. 83%) and the iridium d orbitals (40. 82%), 
while the LUMO is mainly localized on the cyclo⁃
metalated main ligands (90. 09%).  The contribu⁃
tions from the ancillary ligand remain minimal, at 

Fig.3　The UV-Vis and PL spectra of Λ/Δ-Ir（pppy）2（acac） and Λ/Δ-Ir（pppy）2（tmd）.
Tab.  1　The photophysical and electrochemical properties of complexes

Complexes
Λ-Ir（pppy）2（acac）
Δ-Ir（pppy）2（acac）
Λ-Ir（pppy）2（tmd）
Δ-Ir（pppy）2（tmd）

Absorption/nma

271， 296， 363， 414， 450
272， 304， 362， 414， 449
272， 301， 365， 410， 444
271， 298， 364， 409， 445

Emission/nmb

511 （531）
509 （529）
509 （531）
507 （530）

Φ （%）c

9. 8
8. 3

11. 7
12. 6

τ （μs）d

7. 82
6. 51
9. 12
8. 47

HOMOe

-5. 12
-5. 16
-5. 04
-5. 11

Eg/eVf

2. 53
2. 53
2. 54
2. 54

LUMOg

-2. 59
-2. 63
-2. 50
-2. 57

aMeasured in dichloromethane solution (1.0×10-5 M). bMeasured in degassed dichloromethane (1.0×10-5 M), and shoulders in brackets. cIn relative 
to fac-Ir(ppy)3 in degassed dichloromethane solution. dMeasured in degassed dichloromethane at 298 K with λex = 320 nm. eMeasured from CV 
with ferrocene as the external reference, HOMO (eV) = -(E ox

onset + 4.8) eV. fCalculated from the onset of the absorption, Eg = 1240/λ. gLUMO (eV) = 
Eg + HOMO.
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3. 83% for the HOMO and 1. 75% for the LUMO, re⁃
spectively.  Overall, the frontier molecular orbital 
distributions of Ir(pppy)2(acac) and Ir(pppy)2(tmd) 
complexes are highly similar, indicating that substi⁃
tution with the bulkier tBu group does not significant⁃
ly alter the electronic structure of the metal-centered 
HOMO or the ligand-centered LUMO.  However, the 
slightly increased LUMO contribution from the ancil⁃
lary ligand in the tBu system (1. 75% vs 0. 46%) sug⁃
gests a modest electronic perturbation, possibly aris⁃
ing from the stronger steric and inductive effects of 
the tBu substituent.  The HOMO-LUMO energy gaps 
of these two compounds are -3. 57 and -3. 54 eV, re⁃
spectively.  Since the diastereomers have similar 
properties, Λ -Ir(pppy)2(acac) and Λ -Ir(pppy)2(tmd) 
were selected to study their electrochemical proper⁃
ties and energy levels of frontier molecular orbitals.  

As shown in Fig.  4, Λ -Ir(pppy)2(acac) and Λ -Ir
(pppy)2(tmd) have a chemically quasi-reversible oxi⁃
dation in CH3CN solution, which can be attributed to 
the metal-centered Ir(III)/Ir(IV) oxidation couple.  
The onset oxidation potentials for Λ -Ir(pppy)2(acac) 
and Λ -Ir(pppy)2(tmd) were determined to be 0. 32 
and 0. 25 V, respectively, with ferrocene as the exter⁃
nal reference.  Therefore, the HOMO energy levels 
of Λ/Δ -Ir(pppy)2(acac) and Λ/Δ -Ir(pppy)2(tmd) were 
calculated to be -5. 12/-5. 16 eV and -5. 04/-5. 11 
eV, respectively, according to the empirical formula 
EHOMO = − (E ox

onset+4. 8)eV.  Their LUMO energy levels 
were obtained from ELUMO = EHOMO + Eg (Eg, the opti⁃
cal bandgaps calculated from their absorption spec⁃
tra using the formula Eg = 1240/λ ) and calculated 
to be -2. 59/-2. 63 eV and -2. 50/-2. 57 eV, respec⁃
tively.

The experimental CD spectra of the four diaste⁃
reomers were recorded in dichloromethane solution 

and are depicted in Fig.  5 (a, b).  Each pair of dia⁃
stereomers exhibits a near mirror-image relationship 

 

Fig.4　Frontier molecular orbitals and the cyclic voltammogram curves of Ir（pppy）2（acac） and Ir（pppy）2（tmd）.
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with opposite polarization between 250-550 nm.  For 
example, Λ -Ir(pppy)2(acac) exhibits positive Cotton 
effects from 250 to 305 nm and 320 to 350 nm, and 
negative Cotton effects from 390 to 475 nm.  In con⁃
trast, Δ -Ir(pppy)2(acac) shows negative Cotton effects 
from 250 to 305 nm and 320 to 350 nm, and positive 
Cotton effects from 390 to 475 nm.  Similar results 
are observed for Λ -Ir(pppy)2(tmd) and Δ -Ir(pppy)2
(tmd), which exhibit mirror-image CD spectra with 
alternating negative and positive Cotton effects.  The 
strong Cotton effects observed in the 
short⁃wavelength region are attributed to the absorp⁃
tion of an intramolecular π⁃system transition.  In 
contrast, the weak Cotton effects appearing at the 
long⁃wavelength absorption band arise from MLCT.  
However, given that each pair of diastereomers bears 
identical chiral ligands, the overall CD activity in 
this spectral range is predominantly determined by 
the chiral configuration at the metal center.  Finally, 

the circularly polarized luminescence was then ex⁃
amined for these four complexes at room tempera⁃
ture.  The overall glum values in solution are on the or⁃
der of 10-3, which are similar to previously reported 
iridium complexes. [21-24] As shown in Fig.  5 (c), the 
two diastereomers Λ -Ir(pppy)2(acac) and Δ -Ir(pppy)2
(acac) exhibit almost opposite CPL responses, with 
emission dissymmetry factors glum of -1. 91 × 10−3 (at 
621 nm) and 1. 52 × 10−3 (at 586 nm), respectively.  
In addition, glum values of Λ -Ir(pppy)2(tmd) and Δ -Ir
(pppy)2(tmd) were determined to be -1. 55 × 10−3 (at 
589 nm) and 1. 45 × 10−3 (at 581 nm) respectively.  
The above characterizations reveal that the chiropti⁃
cal properties of both the ground and excited states 
of the complexes are governed primarily by the con⁃
figuration of the iridium center, while the asymmet⁃
ric carbon center on the ligand appears to have little 
influence on the electronic and photophysical proper⁃
ties.

4　Conclusion
In summary, we have designed and synthesized 

two pairs of chiral iridium complexes, Λ/Δ⁃Ir(pppy)2
(acac) and Λ/Δ⁃Ir(pppy)2(tmd), by incorporating a 
sterically demanding ligand with the pinene unit 
fused at the 5, 6⁃positions of the 2⁃phenylpyridine 

ring.  This structural modification serves two impor⁃
tant purposes.  First, the presence of the chiral pi⁃
nene ligand allows straightforward separation of the 
Λ⁃ and Δ⁃diastereomers using simple column chro⁃
matography, avoiding the need for chiral HPLC or 
chiral counterion crystallization.  Second, the bulky 
pinene spacer efficiently suppresses self⁃quenching 

Fig.5　（a， b） CD spectra of Λ/Δ-Ir（pppy）2（acac） and Λ/Δ-Ir（pppy）2（tmd）. （c， e） CPL spectra of Λ/Δ-Ir（pppy）2（acac） and 
Λ/Δ-Ir（pppy）2（tmd）. （d， f） glum-wavelength curves of Λ/Δ-Ir（pppy）2（acac） and Λ/Δ-Ir（pppy）2（tmd）.
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in solution even at high concentrations.  All complex⁃
es show similar absorption and emission properties, 
confirming that the photophysical behavior is largely 
governed by the cyclometalated iridium core.  Nota⁃
bly, the Λ⁃ and Δ⁃diastereomers display 
mirror⁃image CD and CPL signals with dissymmetry 
factors reaching 10-3, indicating that the chiral con⁃

figuration at the metal center effectively dictates the 
chiroptical properties, while the remote lateral asym⁃
metric carbon centers have virtually no influence.

Response Letter is available for this paper at: http://
cjl. lightpublishing. cn/thesisDetails#10. 37188/
CJL. 20220***（20220***为文章稿号）.
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