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Phenols are among the most important precursors for the ma
nufacture of pharmaceuticals, dyes, and functional polymers. 
The group of Professor Wei Han at Nanjing Normal Universi
ty (P. R. of China) has been investigating novel, more effi cient 
and greener methods to produce functionalized phenols from 
 readily available starting materials. Professor Han said: “Ben
zene C–H hydroxylation is generally regarded as the most 
straightforward and direct of all approaches to phenol. How
ever, direct and selective conversion of benzene into phenol 
with molecular oxygen as oxidant is referred to as one of the 
‘ten challenges for catalysis’ because the C–H bond dissocia
tion energy (BDE) of benzene is high (ca. 470 kJ/mol), thus 
phenol is far more reactive toward oxidation than benzene 
itself, producing overoxygenated byproducts. Moreover, 
substituted benzenes usually lead to an inseparable mixture 
of constitutional isomers and – among them – alkylarenes 
preferentially undergo oxidation of the sp3 C–H bonds in the 
aromatic sidechains (which have lower BDE, ca. 375 kJ/mol) 
rather than oxidizing the sp2 C–H bonds in the aromatic ring.”

Although transitionmetalcatalyzed chelationassisted 
C–H hydroxylation of arenes has been reported previously, 
leading to an improvement of both selectivity and reactivity 

of this kind of approach to phenols, the strategy often requires 
preinstalled directing groups, which makes only orthohy
droxylation attainable. “Nondirected arene C–H hydroxyla
tion can reach sites that are currently inaccessible by a direct
ed approach; however, besides the issues mentioned above, 
an excess of arene is frequently required to ensure sufficient 
reac tivity,” explained Professor Han. He continued: “To  obviate 
the need for directing groups and excess arene, an alternative 
strategy to access phenols would be the use of a preformed 
stable intermediate via aromatic C–H borylation, silylation, 
thianthrenation, or oxygenation, followed by additional steps 
to give the phenols (Scheme 1).” 

Professor Han noted that cytochrome P450 enzymes are 
capable of hydroxylation of strong aryl C–H bonds in the ab
sence of directing groups with high selectivity, and have an 
active site that consists of an iron porphyrin cofactor. “Cyto
chrome P450bioinspired enzymatic catalysis relies on the 
design and synthesis of porphyrin and porphyrinoid ligands 
(Scheme 2). However, these bioinspired methods for nondi
rected arene C–H hydroxylation are often severely hampered 
by low activities, poor selectivities, narrow scope of arenes, 
and/or high substrate loadings,” remarked Professor Han, who 
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Scheme 1 State-of-the-art arene C–H hydroxylation
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added: “In cytochrome P450 enzymes, the proximal ligand is 
the thiolate moiety of a residual cysteine, which coordinates to 
the haem iron center, which in turn is believed to control the 
oxidative activity of the enzymes and to facilitate C–H oxida
tion.1 Unfortunately, the use of this property to design ligands 
for catalysis has been so far overlooked, probably due to the 
affinity of the sulfur atom for transition metals, which leads 
to a strong coordination and eventually to catalyst poisoning.”

Professor Han continued: “Inspired by the proximal thiol
ate moiety of a residual cysteine ligand in cytochrome P450 en
zymes, we designed an unprecedented ironcatalysed nondi
rected arene C–H hydroxylation enabled by Lcystinede rived 
ligands, which features excellent selectivities  (Scheme 3). This 
transformation is defined by its broad substrate scope, excel
lent selectivity, good yields, and cost-efficient and environ-
mentally friendly properties. Furthermore, it show cases com
patibility with oxidationsensitive functional groups such 
as alcohols, polyphenols, aldehydes, and even boronic acids. 
Notably, this method is well suited for the synthesis of poly
phenols through multiple C–H hydroxylations of arenes, and 
the latestage functionalization of natural products and drug 
molecules.” Professor Han concluded: “We anticipate that this 
novel method will find wide-ranging synthetic applications, 

including drug metabolite synthesis, and will also enable the 
achievement of important insights into biological pathways.” 
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Scheme 2 Strategies for bioinspired cytochrome P450 catalysis
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Scheme 3 Selected substrate scope
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