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Cytochromes P450 (P450s or CYPs) constitute a largesuperfam-
ily of heme-thiolate monooxygenases that are ubiquitous in nature.
These remarkable enzymes serve as highly versatile biocatalysts
capable of mediating selective oxidations across an exception-
ally broad range of organic substrates. In 1979, the pioneering
work of Groves and colleagues established the first biomimetic
model of P450 enzymes, featuring a synthetic Fe(TPP)Cl catalyst.
This landmark system was structurally inspired by the Fe(lll)-
protoporphyrin IX core that characterizes native P450 enzymes [1].
This seminal work inspired global research efforts and established
the foundation of metalloporphyrin chemistry as a biomimetic
oxidation catalytical system. Essentially, P450-inspired chemical
catalysis aims to construct analogous with active-sites, particularly
using porphyrin and porphyrinoid metal complexes, to emulate
enzymatic oxidation reactions. However, the classical biomimetic
heme iron catalysis involving high-valent iron-oxo species displays
inadequate activity toward Csp3—H functionalization and is com-
monly limited to oxygenation reactions due to ultra-fast oxygen
rebound (typical rate constant between 10'© s=1 and 1012 s-1)
process [2]. The development of synthetic catalysts that emulate
P450-like C(sp3)-H functionalization activity while circumventing
competing oxygenation pathways remains a formidable challenge
in catalysis, especially in intermolecular carbon-carbon bond
formation reactions.

Han and co-workers have subverted the long-held perceptions
in P450 biomimetic catalysis, and introduced a transformative
P450-mimetic approach utilizing the characteristic axial cysteine-
thiolate coordination (Scheme 1a) [3]. On the basis of this new
concept, the Han group developed cysteine-inspired thiolate
ligands to achieve P450-like catalysis, identifying Boc-Cys-Met-
OMe (BCMOM) as the optimal ligand. This system promotes
the iron-oxo species’ hydrogen-atom abstraction capability from
alkanes while suppressing its oxo-transfer reactivity when us-
ing H,0, as the oxidant in CH3CN/H,0 mixture (Scheme 1b)
[4]. The bioinspired iron/BCMOM catalyst enabled undirected
methylene C-H functionalization with 1,4-quinones and azines,
allowing direct formation of medicinally relevant C-C bonds while
suppressing oxygen rebound. Notably, the reactions proceeded
efficiently with only 2 equiv. of diverse alkane substrates, ex-
hibiting site selectivities distinct from conventional approaches.
Moreover, these selectivities could be rationally predicted by
considering steric constraints, electronic perturbations, and
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Scheme 1. Bio-inspired iron catalyzed aliphatic C-H functionalization.
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stereoelectronic effects—even in structurally complex molecular
frameworks.

Central to the success of the reactions is the use of the bioin-
spired BCMOM ligand. The thiolate BCMOM ligand plays a dual role
in stabilizing the iron center and modulating its redox potential,
thereby promoting the generation of high-valent iron-oxo inter-
mediates. High-resolution mass spectrometry identified the forma-
tion of a key [(acac),(BCMOM), tFelV(0)] species, confirming the
catalytic active state. This highly electrophilic oxidant even selec-
tively activates unactivated secondary C-H bonds without requir-
ing directing or activating groups. Competitive kinetic isotope ef-
fect (KIE) studies using cyclohexane/[D1;]-cyclohexane mixtures re-
vealed a moderate KIE of 2.05, significantly lower than the that
observed for conventional heme iron catalysts (KIE > 3). This con-
trast highlights the superior efficiency of BCMOM/Fe system in
cleaving inert C-H bonds, corroborating prior mechanistic stud-
ies on thiolate ligation in cytochrome P450 enzymes [5]. The hy-
drogen atom transfer (HAT) step generates alkyl radical intermedi-
ates, as evidenced by their efficient trapping with the radical scav-
enger BrCCls. This observation confirms radical escape dominates
over oxygen rebound, enabling subsequent functionalization as il-
lustrated in Scheme 2. The observed preference for secondary C-H
bonds likely arises from two key factors: (1) their greater steric
accessibility compared to more hindered tertiary C-H bonds, and
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Scheme 2. Proposed mechanism.
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(2) their higher electron density relative to primary C-H bonds. In
cyclic systems, additional stereoelectronic effects may further en-
hance the site selectivity of secondary C-H bond functionalization.

In summary, Han and coworkers have pioneered an uncon-
ventional bioinspired iron/BCMOM catalytic system that achieves
undirected functionalization of strong methylene C-H bonds using
1,4-quinones and azines. This remarkable system mimics P450-
like hydrogen atom abstraction from alkanes while strategically
suppressing the oxygen rebound pathway. The development of
this small-molecule catalyst represents a significant breakthrough,
as it enables methylene C-H functionalization with three key
advantages: (1) exceptional substrate scope, (2) predictable selec-
tivity patterns, and (3) synthetically useful yields. Such capabilities
could fundamentally transform modern synthetic methodology
by providing a practical solution to longstanding aliphatic C-H
functionalization challenges.
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