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A Chemoenzymatic Cascade Combining a Hydration Catalyst with an Amine Dehydrogenase: Synthesis of Chiral Amines
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Catalytic Hydration/Enantioselective Reductive 
Amination Cascade Reaction of Propargyl Ethers

Significance: An Au/carbene complex was encap-
sulated within the cavities of hollow-shell meso-
porous silica nanoparticles to form catalyst 1 (eq. 
1). By using a combination of catalyst 1 and the 
amine dehydrogenase GkAmDH, a hydration/enan-
tioselective reductive amination cascade reaction 
of propargyl ethers was promoted in the presence 
of nicotinamide adenine dinucleotide (NAD+) and 
formate dehydrogenase (FDH) to give the corre-
sponding chiral amines in ≤98% yield and 99% ee 
(eq. 2).

Comment: Catalyst 1 promoted the hydration of 
phenyl propargyl ether to give phenoxyacetone. 
GkAmDH then catalyzed the enantioselective re-
ductive amination of phenoxyacetone. The cascade 
reaction using the homogeneous Au/carbene com-
plex IPrAuOTf with GkAmDH did not give the de-
sired amines, due to deactivation of GkAmDH. The 
hollow-shell silica of catalyst 1 prevents interaction 
with the Au/carbene complex so that GkAmDH re-
tains its catalytic properties to complete the 
chemoenzymatic cascade.
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1. catalyst 1 (2.0 mol% of Au), GkAmDH (1.85–8.50 mol%)
    NAD+ (1.51–2.08 mol%), FDH (4.26–21.25 mol%)
    KB(C6F5)4 (2.0 mol%)
    NH3⋅H2O/HCO2NH4 buffer (5 M NH4

+, pH 9.0)
    25–40 °C, 40 h

(0.10 mmol) 2. (R2CO)2O (2.2 equiv), Et3N (3.0 equiv)
    CH2Cl2, 25 °C, 2 h
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Selected examples:

R = H: 98% yield, 99% ee
R = I: 94% yield, 99% ee
R = NO2: 92% yield, 99% ee
R = OMe: 90% yield, 99% ee
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R = I: 92% yield, 99% ee
R = Br: 94% yield, 98% ee
R = OMe: 92% yield, 98% ee
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R = Br: 92% yield, 99% ee
R = Me: 90% yield, 99% ee
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