
Complimentary and personal copy

www.thieme.com

SYNFACTS
Highlights in 
Chemical Synthesis

This electronic reprint is provided for non- 
commercial and personal use only: this reprint
may be forwarded to individual colleagues or 
may be used on the author’s homepage. 
This reprint is not provided for distribution 
in repositories, including social and scientific 
networks and platforms.

Publishing House and Copyright: 
© 2023 by 
Georg Thieme Verlag KG 
Rüdigerstraße 14 
70469 Stuttgart 
ISSN 1861-1958
Any further use 
only by permission 
of the Publishing House



© 2 0 2 3 .  T h i e m e .  A l l  r i g h t s  r e s e r v e d .
G e o r g  T h i e m e  V e r l a g  K G ,  R ü d i g e r s t r a ß e  1 4 ,  7 0 4 6 9  S t u t t g a r t ,  G e r m a n y

81

S .  V . A T H A V A L E * ,  S . G A O ,  A . D A S ,  S .  C . M A L L O J J A L A ,  E . A L F O N Z O ,  Y . L O N G ,  J .  S . H I R S C H I * ,  

F .  H . A R N O L D *  ( C A L I F O R N I A  I N S T I T U T E  O F  T E C H N O L O G Y ,  P A S A D E N A  A N D  B I N G H A M T O N  

U N I V E R S I T Y ,  U S A )

Enzymatic Nitrogen Insertion into Unactivated C–H Bonds
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Enzymatic Amination and Amidation of Unactivated 
Csp3–H Sites

Significance: Arnold and co-workers disclose the 
cytochrome P450-catalyzed nitrogen insertion into 
unactivated Csp3–H bonds. The desymmetrizations 
of methyl- and ethylcyclohexane serve as spectacu-
lar examples of the excellent site- and enantioselec-
tivity of the utilized biocatalysts. The evolved enzymes 
can be considered as the nitrogen counterparts of 
P450 monooxygenases, where a hydroxylamine de-
rivative is used as a nitrogen atom source to modify 
unreacted substrates. Mechanistic studies suggest a 
stepwise radical pathway involving an enantiodeter-
mining hydrogen atom transfer (HAT).

Comment: While enzymatic oxygenation and ha-
logenation of unactivated Csp3–H bonds are well 
established, the analogous nitrogen incorporation 
was still unknown. Herein, underdeveloped heme-
containing nitrene transferases subjected to direct-
ed evolution show evidence of functionalization to-
ward a variety of substituted hydrocarbons. We 
look forward to a further expansion of the scope of 
this methodology.
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