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Abstract

N-heterocyclic carbenes (NHCs) intrinsically possess a highly delocalized planar pentacyclic frame-
work. Subsequent to coordination with the metallic core, they can stabilize the oxidation state of the
metal via o-nt cooperative interactions. Upon photo-activation, NHC ligands are capable of transferring
energy expeditiously to the metallic core through intramolecular charge displacement, thereby en-
dowing the metallic core with stable excited-state reactivity. This distinctive photophysical property
can significantly reduce the activation energy of the catalytic reaction, enabling a more environmen-
tally friendly catalytic approach. The amenability of ligands to modification also facilitates the intro-
duction of characteristic functional groups to specifically restrict the side-reaction processes in com-
plex photo-induced catalytic systems, and even overcome the limitations of classical catalytic reaction
conditions. Moreover, the precise controllability of the wavelength and intensity of the light source
parameters endows photo-induced catalytic reactions with great potential application value in multi-
ple important fields such as complex drug synthesis, functional material preparation, and photocata-
lytic degradation. This paper presents the synthesis of a series of N-heterocyclic carbene metal com-
plexes with photocatalytic activity, as well as their catalytic applications under illumination condi-
tions and the relevant reaction mechanisms.
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Figure 1. Synthesis of complex 1 and catalytic C-N coupling reaction
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Figure 2. Synthesis of complex 7 and mechanism of photo-induced catalytic C-N
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Figure 3. Synthesis of complex 9 and defluoroalkylation
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Figure 5. Synthesis of complexes 14~15 and catalytic sulfonylation reactions
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Figure 6. Synthesis of complex 17 and the catalytic intramolecular cyclization reaction
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Figure 7. Synthesis of complex 21 and catalytic cycloaddition reactions
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Figure 8. Synthesis of complex 26 and C-H activation
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Figure 9. Synthesis of complex 29 and catalytic C-C coupling
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Figure 10. Synthesis of complex 31
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Figure 11. Synthesis of complex32 and catalytic C-C coupling
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