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Enzyme-Catalyzed Asymmetric Primary Amination of 
Benzylic and Allylic C(sp3)–H Bonds

Significance: The Arnold group reports the di-
rected evolution of P411-B2 to give efficient ben-
zylic (P411BPA) and allylic (P411APA) C–H aminases. 
By using hydroxylamine derivatives as nitrogen 
sources under anaerobic conditions, the authors 
converted a variety of benzylic and allylic C(sp3)–H 
bonds into primary amines in good yields with high 
chemo- and enantioselectivities and promising 
regioselectivities.

Comment: This work represents a milestone in 
the development of a general C–H amination reac-
tion. Mechanistic investigations are highly desirable 
in further developing this method to overcome the 
limitation toward alkyl-substituted allyl systems. In 
addition, this work encourages and challenges oth-
er groups to develop small-molecule catalysts to 
enable this reaction.

R1 = H, Me, OMe, Hal, Ar
R2 = H, Alk
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Proposed mechanism:

Primary amination of allylic C–H bonds:
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Primary amination of benzylic C–H bonds:

R1 = H, Alk, OMe, Hal, HetAr
R2 = H, Alk

E. coli harboring 
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M9-N (pH 7.4)
anaerobic conditions 

10 °C, 12 h
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85% yield
580 TTN

er = 96.5:3.5

74% yield
510 TTN

er = 82.5:17.5

18% yield
120 TTN

er = 97.5:2.5

44% yield
300 TTN

er = 94.5:5.5

48% yield
500 TTN

er = 94:6, 3.1:1.0 rr (1:2)
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S

62% yield
600 TTN

er = 94.5:5.5

NH2

93% yield
3930 TTN
er = 97:3

NH2

50% yield
600 TTN

er = 82:18, 1.6:1.0 rr (1:2)
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P411-B2 = P450BM3

+ A82L F87A P142S T175I  
A184V S226R H236Q E252G 
I263M T268G A290V A328V 
L353V I366V C400S T438S 

E442K

P411BPA = P411-B2 
+ G268P V78M I437F

T327A E267D

P411APA = P411BPA 
+ N395R S438A
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