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Photo/electrochemical CO2 insertion into unreactive organic 
molecules 

A b s t r a c t
There has been a significant demand for novel ‘green’ synthetic 

technologies that enable the synthesis of high value-added mole-
cules, such as fine chemicals and pharmaceuticals, starting from 
inexpensive and abundant resources, using renewable energy. 
In this work, we achieve the first single-step synthesis of γ-keto 
acids, important structural motifs found in many pharmaceuticals, 
using inexpensive CO2 and alkenes under visible light-driven con-
ditions. This is also the first example of a three-component acyl 
carboxylation of alkenes.

 ▍ Background & Results

γ-Keto acids are among the most important chemical motifs 
widely found in natural products and pharmaceuticals. However, 
their single-step synthesis is challenging due to the intrinsic mis-
match of a 1,4-dicarbonyl skeleton and the need for a carboxylic 
acid protecting group during the synthesis. Several examples of 
the single-step synthesis of γ-keto acids have been recently re-
ported. Despite their outstanding achievements, these methods 
have several drawbacks, specifically, the need for special equip-
ment or harsh reaction conditions (with an excess of hazardous 
metal reagents or under UV light irradiation) and the use of restrict-
ed substrates such as α,β-unsaturated carbonyl compounds, 
which limit the substrate generality.

In this work, we report the first single-step synthesis of γ-keto 
acids without ester formation using easily preparable starting ma-
terials under mild conditions. Our keys to success consist of three 
aspects; the use of (1) alkenes as abundant feedstocks that can 
overcome the narrow substrate generality, (2) benzimidazolines 
(BIs) as easily preparable acyl radical donors and (3) CO2 as an 
abundant C1 building block. Our photocatalytic system proceeds 
under mild conditions (visible-light irradiation and modest temper-
ature), in high to excellent yields (up to 97%), with perfect regiose-
lectivity (>20/1), and broad substrate generality (35 examples). 
This is also the first example of photocatalytic three-component 
acylcarboxylation of alkenes. Moreover, a series of mechanistic 
studies supported our proposed mechanism. This study opens a 
new avenue to provide a wide range of important structural motifs 
in a single step from readily available feedstocks in an environmen-
tally friendly manner.

 ▍ Significance of the research and Future perspective

CO2 insertion into hydrocarbons is an attractive and environ-
mentally friendly chemical transformation, providing carboxylic 
acid structures ubiquitous in numerous fine chemicals, while also 
reducing greenhouse gases. However, this transformation is quite 
challenging due to the difficulty of activating both stable molecules, 
hydrocarbons and CO2. In this context, we have achieved the first 
three-component acyl carboxylation of hydrocarbon alkenes us-
ing CO2. This is also the first example of a single-step synthesis 
of γ-keto acids, which are found in many pharmaceuticals. Our 
system has enabled the CO2 insertion reaction into hydrocarbons, 
driven by visible light, which is readily available clean energy from 
renewable energy sources, under modest temperature conditions. 
We will contribute to the development of new photo/electro-driven 
methodologies for the synthesis of high value-added molecules in 
an environmentally friendly manner.
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