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The development of straightforward methods for preparing 
α-arylated ketones directly from acetone is of great interest 
from both economic and synthetic points of view. While the 
arylation of carbonyl compounds with transition metal catal-
ysts, via the formation of enolate intermediates, represents a 
powerful and relatively well-established class of carbon–car-
bon bond-forming reactions,1 the transposition of this tech-
nology to simple acetone has remained – in comparison –  
rather elusive.2 For example, this challenging transformation 
has rarely been achieved using palladium catalysis with aryl 
halide electrophiles. “From an economic viewpoint, the de-
velopment of this methodology with more sustainable and 
cost-effective nickel catalysts appeared as a very valuable 
 alternative, but the transposition to nickel has proven highly 
challenging,” remarked Professor Abderrahmane Amgoune, 
from CNRS & Université Lyon 1 (Villeurbanne, France). He con-
tinued: “Only a few examples of nickel-catalyzed arylations of 
substituted ketones were reported and the arylation of ace-
tone had not been documented with nickel catalysts thus far.”

This project emerged from collaborative work be-
tween the group of Professor Amgoune, colleagues Dr. Nuno  
Monteiro and Dr. Anis Tlili (all from Université de Lyon), and 
Dr. Johannes Schranck from Solvias AG (Switzerland). The 
 story started with a discussion between Professor Amgoune, 
Dr. Tlili and Dr. Schranck on the potential of Josiphos-type 
 ligands in nickel catalysis, especially for the functionalization 
of small molecules.3 “We decided to combine my expertise in 
synthetic organometallic chemistry and mechanistic studies,4 
with the experience of Dr. Tlili and Dr. Schranck in transi tion-
metal-catalyzed functionalization of small building-block 
molecules5 to develop and understand the nickel-catalyzed 
monoarylation of acetone,” said Professor Amgoune. 

Dr. Tlili approached Professor Amgoune and Dr.  Monteiro 
with a preliminary result showing that the combination of 
 Josiphos ligand (see scheme for structure) with Ni(COD)2 could 
promote the monoarylation of acetone, albeit in low yield. 
Professor Amgoune explained: “The collaboration  started at 
that point, and beyond the synthetic interest of this transfor-
mation we were also eager to carry out detailed mechanistic 
studies to unravel the key role of the ligand.” 

“We started our investigations with intensive optimization 
studies that were carried out by graduate student Sary Abou 

Derhamine,” explained Professor Amgoune, who continued: 
“He investigated a large set of reaction conditions and ligands 
and identified a very practical catalytic system that demons-
trated a high compatibility with several functional groups and 
enabled the formation of complex substrate structures with 
good to excellent yields (Scheme 1).” 

Even more important than its economic interest, nickel 
catalysts display reactivities that are complementary to those 
of palladium. In particular, the group took advantage of the 
ability of nickel to activate C–O bonds to extend the method-
ology to the unprecedented coupling of acetone with phenol 
derivatives.

While these optimization studies revealed that the asso-
ciation of Josiphos ligand (SL-J004) and Ni(COD)2 was a very 
efficient catalytic system, they also raised several mechanis-
tic questions about the key influence of the ancillary ligand. 
Strikingly, the researchers discovered that only Josiphos-type 
ligands were effective under these reaction conditions, more-
over they also observed that a second equivalent of ligand was 
beneficial to the catalytic performance. 

“We decided to carry out detailed mechanistic investiga-
tions to address these questions,” said Professor Amgoune. 
He continued: “The mechanistic work – which combined 
NMR monitoring, isolation and characterization of key catal-
ytic intermediates – was carried out principally by postdoc-
toral associate Dr. Tetiana Krachko, who succeeded in show-
ing the feasibility of all mechanistic steps of the envisioned 
 catalytic cycle.” Professor Amgoune then went on to credit   
Dr.  Guillaume Pilet with carrying out the X-ray diffraction 
 analysis of isolated Ni(0) and Ni(II) intermediates. He re-
marked: “These important mechanistic studies revealed that 
the specific reactivity of (Josiphos)Ni catalyst likely results 
from an enhanced stabilization of the catalyst resting  state 
Ni(II)-aryl species towards decomposition to unreactive Ni(I) 
species. We were also surprised to find that the use of an 
 excess of Josiphos ligand was not deleterious for the catal-
ytic reactivity. Indeed, under these conditions we could form 
a saturated 4-coordinate Ni(bis-phosphine)2 species that was 
anticipated to be unreactive, based on previous reports. How-
ever, we have shown that the extra ligand may indeed coor-
dinate to Ni(0) at high temperature to give a Ni(Josiphos)2 
 species, which was characterized. We think that the steric 
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bulk of the Josiphos-type ligand, combined with the specific 
stereoelec tronic properties imparted by the ferrocene back-
bone, renders the Ni(Josiphos)2 very susceptible to ligand ex-
change with the aryl halide substrate.”

Overall, important fundamental information on the 
unique behavior of Josiphos-type ligands with nickel emerged 
from this study. Professor Amgoune concluded: “We are cur-

rently seeking to further understand and harness the specific 
coordination properties of Josiphos-type ligands for the devel-
opment of new nickel-catalyzed transformations.”
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Scheme 1  Nickel-catalyzed mono-arylation of acetone: synthetic development and mechanistic studies
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