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ABSTRACT: The selective hydroxylation of CÐH bonds 

is of great interest to the synthetic community. Both ho-

mogenous catalysts and enzymes offer complementary 

means to tackle this challenge. Herein, we show that bio-

tinylated Fe(TAML)-complexes (TAML = Tetra Amido 

Macrocyclic Ligand) can be used as cofactors for incor-

poration into streptavidin to assemble artificial hydroxyl-

ases. Chemo-genetic optimization of both cofactor and 

streptavidin allowed optimizing the performance of the 

hydroxylase. Using H2O2 as oxidant, up to !300 turnovers 

for the oxidation of benzylic CÐH bonds were obtained. 

Upgrading the ee was achieved by kinetic resolution of 

the resulting benzylic alcohol to afford up to >98% ee for 

(R)-tetralol. X-ray analysis of artificial hydroxylases 

highlights critical details of the second coordination 

sphere around the Fe(TAML) cofactor.  

The selective functionalization of CÐH bonds represents 

one of the frontiers in synthetic methodology.
1-7 

To address 

this challenge, homogeneous catalysis often relies on direct-

ing groups present on the substrate that coordinate to the 

metal center, thus allowing distinguishing between equally 

reactive CÐH bonds.
7 

Enzymes have been optimized thanks 

to evolution to differentiate CÐH bonds with exquisite selec-

tivity: The active site around the cofactor is tailored to en-

sure proper orientation of the substrate. 

For the hydroxylation of inert CÐH bonds, iron-contain-

ing enzymes and iron-based homogeneous catalysts occupy 

a place of choice. They are complementary in many respects. 

While the former operate under physiological conditions, 

homogeneous catalysts perform best at low temperature in 

organic solvents. The reactivity of homogeneous catalysts is 

often tuned via first-coordination sphere modifications, 

whereas enzymes rely on secondary sphere interactions. 

 

Iron metalloenzymes catalyze the CÐH oxyfunctionali-

zation of hydrocarbons via iron-oxygen species resulting 

from activation of O2.
8-17 

The selective hydroxylation of CÐ

H bonds using homogeneous catalysts has been achieved by 

designing structurally-elaborated ligands that provide a tai-

lored cavity around the metal center.
18-33

 

To complement homogeneous catalysts and enzymes, ar-

tificial metalloenzymes (ArMs), that result from anchoring 

an abiotic cofactor within a macromolecular scaffold, have 

attracted increasing interest in the past years. The well-de-

fined secondary coordination sphere around the cofactor 

provided by the protein offers fascinating perspectives to op-

timize both activity and selectivity of the ArMs.
34-39 

In this 

context several protein scaffolds have proven versatile.
34 

These include carbonic anhydrase,
40

 hemoproteins,
41-42

 pro-

line oligopeptidase,
43

 lactococcal multiresistance regula-

tor,
44

 four helix bundles,
45-46

 nitrobindin,
47

 (strept)avidin,
48-

50
 etc. In the context of asymmetric CÐH hydroxylation, in-

troduction of an Mn-porphycene cofactor within myoglobin 

afforded promising ArMs
51

 that complement evolved cyto-

chrome P450 enzymes.
52-54

 

Fe(TAML) complexes are a versatile family  of iron 

complexes that typically contain a ferric center tightly bound 

to a tetraamido macrocyclic ligand.
55-56

 Their reactivity as 

peroxidase mimics has been extensively studied.
55,57-58

 Some 

Fe(TAML) complexes hydroxylate hydrocarbons in aque-

ous media using oxidants such as tBuOOH or m-CPBA
56,59-

61
 or electrochemically.

62
 Thanks to their stability in water, 

we surmised that Fe(TAML) complexes may allow to as-

semble an iron-based artificial hydroxylase using the biotin-

streptavidin technology. The secondary coordination sphere 

provided by streptavidin (Sav), may enable enantioselective 

hydroxylation and minimize the formation of less reactive 

dimeric species. 
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in vivo applications in mind, we have shown that the activity 

of the artificial hydroxylase is compatible with glucose oxi-

dase, using O2 as the terminal oxidant.  

Efforts at modulating the activity of the hydroxylase by 

fine-tuning the cofactorsÕ structure, and expanding the sub-

strate scope towards the oxidation of more complex mole-

cules are currently underway. 
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