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In the past decade, Au(I)/Au(III) redox catalysis has emerged 
as a new technique, opening up avenues for the cross-coupling 
and 1,2-difunctionalization reactions of C–C multiple bonds 
that were previously inaccessible with Au(I) or Au(III) catal-
ysis. However, the enantioselective version of Au(I)/Au(III) 
redox catalysis remained elusive until recently, when the re-
search group of Dr. Nitin Patil (Indian Institute of Science Edu-
cation and Research Bhopal, India) developed new hemilabile 
chiral (P,N)-ligands (ChetPhos) to realize the first example of 
enantioselective Au(I)/Au(III) redox catalysis.

According to Dr. Patil, homogeneous gold catalysis ori-
ginated with the ability of gold, commonly stereotyped as a 
tunable soft π-acid, to activate C–C multiple bonds towards 
intra- or intermolecular attack by nucleophiles. “These reac-
tions are thought to involve the formation of an organo-gold 
intermediate first, which upon nucleophilic attack generally 
undergoes protodemetalation to deliver new carbon–carbon 
or carbon–heteroatom bonds,” explained Dr. Patil. He con-
tinued: “On the other hand, the identification of new reactivi-
ty based on Au(I)/Au(III) redox catalysis is challenging due to 
the fact that gold(I), unlike its isoelectronic counterpart Pd(0), 
doesn’t change its oxidation state during the catalytic cycle. 
This apparent reluctance to engage in redox activity is com-
monly attributed to the comparatively high redox potential of 
the Au(I)/Au(III) couple (E0 = + 1.41 V) in contrast to that of 
the Pd(0)/Pd(II) one (E0 = + 0.92 V).” Dr. Patil acknowledged 
that in the past decade, significant research efforts have been 
devoted to overcoming issues connected to the high redox po-
tential of the Au(I)/Au(III) couple, facilitating gold-catalyzed 
1,2-difunctionalization reactions involving cross-coupling re-
activity (Scheme 1).1

“In general, the available methods to access the Au(I)/
Au(III) catalytic cycle are as follows: (1) external oxidant-aided 
approach;2 (2) merged gold/photoredox catalysis approach;3,4 
(3) utilizing an ethynylbenziodoxolone5 – a dual-role agent 
which acts as an oxidant and an alkyne surrogate; (4) ligand-
enabled approach,” said Dr. Patil.6–9 “However, a report on the 
enantioselective version of Au(I)/Au(III) redox catalysis was 
lacking in the literature.”

Dr. Patil added that the main challenge in realising enantio-
selective Au(I)/Au(III) redox catalysis is to tackle the typical 
geometrical restrictions and distinct coordination behavior of 

Au(I) and Au(III) species. “Au(I) complexes are generally dico-
ordinated and linear; while Au(III) complexes prefer tetracoor-
dinated square-planar geometry,” he explained. “Therefore, in 
order to achieve enantioselective Au(I)/Au(III) redox catal ysis, 
it is necessary to control four coordination sites of an in situ 
generated Au(III) intermediate by a single modulatory ligand 
(L) present in LAuX. Further, the linear geometry favored by 
Au(I) complexes prevents the use of chiral bidentate ligands, 
which are required to impart structural rigidity to the in situ 
generated Au(III) complexes.” 

In order to address these issues and to realize enantiose-
lective Au(I)/Au(III) redox catalysis, Dr. Patil’s group developed 
a new class of hemilabile chiral (P,N)-ligands (Figure 1) based 
on the following assumptions: 1) the soft phosphorus center 
of the ligand should coordinate with the soft Au(I) species to 
form a linear LAuX complex, while the hard nitrogen cen-
ter should coordinate with the in situ generated high-valent 
Au(III) species; 2) the phosphorus center must bear the bul-
ky alkyl groups in order to push the Au(I) center towards ni-
trogen, which is necessary to expedite the oxidative addition 
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Scheme 1  1,2-Difunctionalization of alkenes under Au(I)/
Au(III) redox catalysis 
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process by allowing nitrogen coordination; 3) the chelation of 
(P,N)-ligand with in situ generated Au(III) species should offer 
the desired structural rigidity required for efficient enantio-
induction; 4) the greater trans-influence of phosphorus in a 
square-planar Au(III) intermediate should allow the precise 
positioning of substrate in the C2-symmetric chiral environ-
ment present around the nitrogen center. These ligands were 
named as ChetPhos and their successful implementation in 
developing the first enantioselective 1,2-heteroarylation of al-
kenes under Au(I)/Au(III) redox catalysis was described in the 
title article.

“Gold(I) complexes of the newly developed ligands were 
used as catalysts to achieve enantioselective 1,2-oxyaryla-
tion and 1,2-aminoarylation of alkenes,” said Dr. Patil. He 
con tinued: “Among all the tested catalysts, Ad-ChetPhos li-
gated gold(I) complex showed superior performance for the 
1,2-oxyaryla tion and 1,2-aminoarylation of alkenes. The 
 method turned out to be fairly general, delivering 3-oxychro-
mans and 3-aminochromans in good yields and excellent en-
antiomeric excess (Scheme 2).”

Dr. Manoj V. Mane performed DFT calculations in order 
to understand the enantio-induction model (Figure 2). The 

A143

Figure 1  Newly developed chiral (P,N)-ligands

Scheme 2  1,2-Oxyarylation and 1,2-aminoarylation of alkenes
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studies revealed that the Si-face attack of a nucleophile (TS-A) 
has a barrier of 11.4 kcal/mol; while the Re-face attack (TS-
A′) demands 18.0 kcal/mol. Dr. Patil explained: “The ChetPhos 
ligands provided a powerful enantio-discrimination (energy 
difference between TS-A′ and TS-A: 6.6 kcal/mol), which re-
sulted in excellent enantioselectivities.” 

Dr. Patil concluded: “We have developed the first  example 
of enantioselective Au(I)/Au(III) redox catalysis, enabled by 
the newly designed hemilabile chiral (P,N)-ligands – Chet-
Phos. The potential of this concept is demonstrated in gold-
catalyzed 1,2-oxyarylation and 1,2-aminoarylation of alkenes 
leading to medicinally important 3-oxy- and 3-aminochro-
mans with high yields and enantioselectivities. This concept 
of ligand-enabled enantioselective Au(I)/Au(III) redox catal-
ysis should be applicable to a vast number of cross-coupling 
reactions and alkene difunctionalization reactions.”
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Figure 2  DFT calculations for enantio-determining step. Free energy values are at M06(SMD-dichloroethane)/Au(SDD)/ TZVP//
BP86/SDD(Au)/SVP level of theory.
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