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A kinetic resolution strategy for the synthesis of chiral octahedral 
NHC-iridium(III) catalysts. 

Romane Manguin,a+ Delphine Pichon,a+ Robert Tarrieu,a Thomas Vives,a Thierry Roisnel,b Vincent 
Dorcet,b Christophe Crévisy,a Karinne Miqueu,c Ludovic Favereau,*b Jeanne Crassous,b Marc 
Mauduit,a and Olivier Baslé*a†

The transmetalation reaction of a chiral-bidentate NHC-silver 

complex to racemic [Ir(-Cl)(ppy)2]2 operates with kinetic 

resolution leading to chiral octahedral NHC-iridium(III) complexes 

and enantio-enriched bis-cyclometalated iridium(III) complexes. 

The iridium(III) complexes demonstrated efficient catalytic 

activities in intermolecular [2+2] photocycloaddition reactions and 

in asymmetric Friedel-Crafts alkylations, respectively. 

In the past two decades, bis-cyclometalated Iridium(III) complexes 

have been attracting broad interest due to their outstanding 

photophysical and chemical properties which are ideal in view of 

applications in photonic and optoelectronic devices,1 in bioimaging 

and cancer therapy as potential theranostic agents2 and in organic 

synthesis as photosensitizer and photoredox catalysts.3 More 

recently, particular attention has been given to N-Heterocyclic 

Carbenes (NHCs) ligands in the design of highly stable luminescent 

cyclometalated iridium complexes with high range of emission 

colors.4 On the other hand, increasing efforts has been given to the 

development of efficient methods for the preparation of chiral 

octahedral Ir(III) complexes that are highly valuable materials to 

access selective protein inhibitors, circularly polarized (CP) light-

emitting devices and chiral photocatalysts.5 Nevertheless, there is 

still a need for efficient and practical strategies to synthesize chiral 

non racemic luminescent NHC-based octahedral Ir(III) 

complexes.4c,l,6 Recently, we described a practical multicomponent 

strategy that provides access to various unsymmetrical NHC 

ligands precursors, including carboxyalkyl-NHCs that are beyond 

reach otherwise.7 NHC ligands containing an additional donor 

functionality have demonstrated significant benefit in stabilizing a 

variety of transition-metal complexes.8 Herein, we describe an 

efficient strategy for the synthesis of robust chiral luminescent 

octahedral NHC-iridium(III) complexes and enantio-enriched bis-

cyclometalated iridium(III) complexes (Fig. 1). The catalytic 

potential of the new complexes was respectively demonstrated in a 

selective [2+2] photocycloaddition reaction and in asymmetric 

Friedel-Crafts alkylation. 

 
Fig. 1 Synthesis of chiral octahedral Iridium complexes. 

The reaction of racemic [Ir(-Cl)(ppy)2]2 (1) with the chiral NHC-

Ag (S)-2 complex in dichloromethane at 40 °C afforded a mixture 

of the -(S) and -(S) diastereomers with a diastereomeric ratio of 

2:1 in favor of the -(S)-3 as determined by 1H NMR spectroscopy 

(Scheme 1, Fig. S1, ESI‡). The strong -donor ability and chelating 

coordination mode of the chiral NHC-carboxylate ligand conferred 

high complex stability,9 allowing efficient separation of the two 

diastereomers by silica gel chromatography to provide pure -(S)-

3 and -(S)-4 in a good 75% combined isolated yields (49 and 26% 

respectively). Similar results were obtained when reacting racemic 

[Ir(-Cl)(ppy)2]2 (1) with the chiral NHC-Ag (R)-2 complex of 

opposite configuration, affording the mirror-imaged diastereomeric 

pair which was isolated (80% yield) in about 2:1 ratio in favor of the 

-(R)-3. The absolute configuration at the metal center of the new 

octahedral NHC complexes was confirmed by X-ray diffraction 

analysis of single crystals (Fig. 2). Both -(S)-3 and -(S)-4 

diastereomers displayed strong structural similarity with high steric 

crowding around the Ir center. A typical ligand arrangement is 

observed with the pyridine N atoms of the ppy ligands lying in trans 

to each other, whereas the two ortho-carbons are respectively in 

trans to the carbenic carbon and in trans to the carboxylate 

fragment of the NHC ligand. The main structure difference results 

from the isobutyl substituent of the asymmetric carbon center that 

induces enhanced steric constraints in the -(S) conformation by 

pointing towards the pyridyl ligand. 
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Scheme 1 Synthesis of -(S)-3 and -(S)-4 diastereomers or -(R)-3 and -(R)-4  
diastereomers. 

 

Fig. 2 Molecular structure of -(S)-3 (left) and -(S)-4 (right) 

(Chiro)optical properties of -(S)-3 and -(S)-4 and their 

corresponding enantiomers (-(R)-3 and -(R)-4) are depicted in 

Figures 3 and S23. Similar UV-vis absorption spectra were 

recorded for all the iridium complexes, displaying intense 

transitions centered at 267 nm ( ~26 000 M-1 cm-1) and between 

375 and 470 nm ( ~2 900 M-1 cm-1), attributed to Ligand-

centered -* and Metal-to-Ligand / Ligand to Ligand Charge 

Transfer (MLCT / LLCT) transitions, respectively.10 Electronic 

Circular Dichroism (ECD) spectra show expected mirror-image 

spectra for each pair of enantiomers with similar responses above 

260 nm for the diastereomer complexes (Figure 3). For instance, -

(S)-4 displays a positive signal at 293 nm ( = + 6 M-1cm-1), a set 

of three negative bands at 315, 344 and 363 nm ( = -12, -8.9 and 

-7.9 M-1cm-1, respectively) and a weaker positive signal at 445 nm 

( = + 6 M-1cm-1). In the high energy region (230-260 nm), the 

impact of the carbene ligand chirality is clearly seen since -(S)-

4 exhibits a unique negative signal at 257 nm ( = -19 M-1cm-1) 

while -(R)-4 displays a very weak signature with successively 

positive and negative signals ( ~ - 5 M-1cm-1), which presumably 

result from the different orientation of the isobutyl substituent 

towards the phenyl pyridine ligand (Fig. 2). This is in agreement 

with TD-DFT calculations, performed at the B3LYP/SDD+f(Ir),6-

31G**(other atoms) level of theory by taking into account solvent 

effect (CH2Cl2) by a SMD solvent model, which also showed similar 

calculated ECD spectra in the 300-500 nm region and different 

signatures in the high-energy domain (see Figure S21, ESI). In 

terms of emission properties, -(S)-3 and -(S)-4 exhibited similar 

unstructured phosphorescence spectra at room temperature 

centered at 508 nm, characterized by a lifetime of around 1 µs 

(Table S1 and Fig. S18, ESI). Circularly polarized luminescence 

(CPL) was also recorded for these complexes, which exhibited 

opposite CPL responses for -(S)-3 and -(S)-4, with an 

estimated glum factor of 1.5x10-3 (Fig. S19). From these 

characterizations, it is interesting to note that the chiroptical 

properties of both the fundamental and excited states of the 

complexes are mainly dominated by the configuration of the iridium 

center and that the lateral asymmetric carbon center seems not to 

play a major role on the electronic and photophysical properties. 

This was also observed in the vibrational circular dichroism (VCD) 

spectra which displayed similar strong positive-negative signature 

at 1478-1474 cm-1 for the two diastereoisomers with  

stereochemistry at Ir center while differences in the 1200-1400 cm-

1 region were found for the diasteroisomers with the same R or S 

asymmetric carbon (see Fig. S23-S24 for experimental spectra and 

Fig. S25-26 for theoretical ones, ESI). Furthermore, cyclic 

voltammetry of -(S)-3 and -(S)-4 displayed similar redox activity, 

with redox potentials of ca. +0.9 V and -2.1 V vs. SCE for the 

oxidation and reduction of both diasteroisomers. 

 
Fig. 3 UV-vis absorption spectra of -(S)-3, -(S)-4. Electronic circular dichroism 
spectra of the 4 diastereomers -(S)-3, -(S)-4 and -(R)-3, -(R)-4. 

In some instances, Meggers and co-workers observed 

diastereoselectivity when racemic -dichloro-bridged iridium(III) 

dimers were treated with amino-acids or chiral salicyloxazoline 

ligand, and evidenced that this selectivity resulted from different 

solubility or thermal stability of the two diastereomers.11 However, 

in our case, both -(S)-3 and -(S)-4 diastereomers display high 

solubility and high thermal stability under the standard conditions 

(CH2Cl2, 2.10-2 M, 40 °C). Importantly, upon heating -(S)-4 for 2 

days under these conditions, neither decomposition nor conversion 

to -(S)-3 could be detected, that excluded dynamic resolution of 

final products under thermodynamic control.12,13 In order to gain 

insights into the factors governing the diasteroselectivity observed, 

we performed the transmetalation reaction of a sub-stoichiometric 

amount of silver complex (S)-2 with racemic [Ir(-Cl)(ppy)2]2 (1) 

(Scheme 2). At room temperature, the isomer of racemic [Ir(-

Cl)(ppy)2]2  reacted spontaneously with ½ equivalent of (S)-2 to 

form selectively -(S)-3 as a single diastereomer together with the 

unreacted enantio-enriched -(Cl)-1 in high 97:3 er. The latter was 

further reacted in situ with silver acetylacetonate to yield the 

enantio-enriched -(acac)-5 complex with full retention of 

configuration at the metal center. In the same way, the kinetic 

resolution of the racemic [Ir(-Cl)(ppy)2]2 (1) using ½ equivalent of 

the silver complex (R)-2 afforded -(R)-3 as a single diastereomer 

and the enantio-enriched -(Cl)-1 in high 97:3 er, which was 

subsequently converted to the -(acac)-5 with full retention of 

configuration.  
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Scheme 2 Kinetic resolution of racemic [Ir(-Cl)(ppy)2]2 (1) 

On the basis of the above results, the proposed mechanism for 

the transmetalation reaction with kinetic resolution using (S)-2 and 

rac-1 is described in Scheme 3. For steric reasons, the approach 

of the NHC-Ag complex (S)-2 and interaction with the -Cl complex 

is kinetically favored leading to the selective formation of the -(S)-

3 complex. On the other hand, once all -(Cl)-1 is consumed, the 

mismatched pairing between (S)-2 and -(Cl)-1 can ultimately lead 

to the -(S)-intermediate with the isobutyl substituent of the 

asymmetric carbon center pointing towards the pyridyl ligand and 

undergo transmetalation from the pentavalent metal center to form 

the more sterically constrain -(S)-4 diastereomer.14 We therefore 

postulated that the initially observed diastereoselectivity (2:1 dr), 

is the result of kinetic resolution together with partial decomposition 

of the -(S) intermediate under the standard reaction conditions 

(Scheme 1).15 

 
Scheme 3. Proposed mechanism for kinetic resolution with (S)-2. 

The photophysical data demonstrated that complexes -(S)-3 

and -(S)-4 could be considered as potential photocatalysts (see 

ESI for details). Notably, their ability to generate relatively long and 

high energy triplet excited state (ET= 58.8 kcal mol-1, see ESI) upon 

visible light excitation prompted us to evaluate them as 

photocatalysts in intermolecular [2+2] cycloaddition reaction 

involving energy transfer with judiciously selected substrates.16 

Interestingly, irradiated with blue LEDs (max = 460 nm) at room 

temperature, 1 mol% of the diastereomer -(S)-3 or -(S)-4 

demonstrated high efficiency in the cross [2+2] photocycloaddition 

of cinnamic acid (7, ET ~ 57.4 kcal mol-1)17 and 1,1-

diphenylethylene (8), providing the trans-cyclobutane adduct 9 in 

high yield and diastereoselectivity (>98:2) in racemic form (Scheme 

4).18 

 
Scheme 4 Intermolecular [2+2] photochemical cycloaddition reaction 

In the recent years, chiral Lewis acids that exclusively possess 

octahedral metal centrochirality have demonstrated efficiency in a 

variety of asymmetric transformations.19 The strategy of auxiliary-

mediated synthesis of substitutionally inert bis-cyclometalated 

iridium(III) complexes developed by Meggers and coworkers 

involves the traceless remove of the chiral auxiliaries (e.g. 

salicycloxazoline, amino acids) with retention of the absolute 

configuration at the metal under acidic conditions.20 In our particular 

case, -(S)-3 and -(S)-4 demonstrated high stability under acidic 

conditions preventing the chiral NHC-carboxylate ligand to be used 

as auxiliaries. Therefore, we decided to use the enantio-enriched 

[Ir(-Cl)(ppy)2]2 ((Cl)-1)97:3 er) obtained from kinetic resolution 

(vide supra, Scheme 2) and to evaluate its potential as chiral Lewis 

acid precatalyst in asymmetric conjugate addition (ACA).20 

Pleasantly, the cationic complex prepared in situ using silver 

hexafluorophosphate, allowed excellent catalytic activities and 

good chiral induction in the ACA of indole (10) to ,-unsaturated 

acylimidazoles 11 to provide the desired Friedel-Crafts alkylation 

products 12 with up to 78:22 er (Scheme 5). These results 

demonstrated that despite the relatively small steric hindrance of 

the 2-phenylpyridine ligands, satisfactory chirality transfer could be 

generated allowing facial discrimination at the coordinated 

electrophilic alkene substrate.21  

 
Scheme 5 Asymmetric Conjugate addition catalyzed by chiral Lewis acid. 

In summary, we here reported the first example of asymmetric 

synthesis of chiral octahedral Iridium complexes bearing a chiral 

NHC ligand. The transmetalation reaction of a chiral-bidentate 

NHC-silver complex to racemic [Ir(-Cl)(ppy)2]2 operates with 

kinetic resolution leading to enantio-enriched bis-cyclometalated 

iridium(III) and chiral NHC-based complexes. The latters (-(S)-3 

and -(S)-4) display photophysical properties allowing them to be 

used as photocatalysts in intermolecular [2+2] cycloaddition. The 

enantio-enriched [Ir(-Cl)(ppy)2]2 (-(Cl)-1, 97:3 er) demonstrated 

good efficiencies as chiral Lewis acid precatalyst in the 

enantioselective Friedel-Crafts addition of indole to ,-

unsaturated acylimidazoles, and efforts to improve the selectivity 

outcomes of these transformations are underway in our 

laboratories. We believe that the here described synthetic 
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approach will be of great use for the preparation of new transition-

metal based octahedral catalysts with considerable potential in a 

large variety of asymmetric transformations.  
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