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Asymmetric Zirconium-Catalyzed Alkylalumination of 
Alkenes

Significance: Negishi and Kondakov reported the 
zirconium-catalyzed asymmetric carboalumination 
of monosubstituted alkenes (the ZACA reaction) us-
ing (–)-(NMI)2ZrCl2. While previously the ZACA re-
action was limited to methylalumination, this re-
port disclosed the use of Al(Et)3 and Al(n-Pr)3 as 
reagents in a highly enantioselective transforma-
tion. Notably, the use of polar halogenated solvents 
was shown to be crucial. Terminal alkenes with alkyl 
chains, including alcohols and amines, engaged in 
the reaction with high selectivity and synthetically 
useful yields. The ZACA reaction has since evolved 
as a powerful strategy for the synthesis of versatile 
chiral building blocks.

Review:  S. Xu, E. Negishi Acc. Chem. Res. 2016, 49, 
2158−2168.

Comment: Notably, the solvent effect gave in-
sight into the mechanism of this transformation. In 
hexanes, ethylalumination was unsuccessful, where, 
following oxidation, the diol derivative was exclu-
sively synthesized with low selectivity. This out-
come has been proposed to occur through the in-
situ generation of a bimetallic Zr–Al intermediate 
which undergoes a cyclic carbometallation path-
way. In contrast, the choice of polar chlorinated sol-
vent can dislocate the cyclic bimetallic species and 
allow for an acyclic carbometallation sequence to 
occur, which leads to the desired product in high 
enantioenrichment, as reported.

Zr

Selected examples:

11 examples
up to 90% yield
up to 95% ee

Al(R2)3 (1–3 equiv)
(Cp*)2ZrCl2 (8 mol%)

R1 R1

R2

OH/H

Cl

Cl

n-Bu

Me

OH

83% yield, 81% ee

n-Oct

Et

OH

64% yield, 92% ee

i-Bu

Et

OH

77% yield, 90% ee

Et

OH

69% yield, 93% ee

Ph

Et

88% yield, 90% ee

HO 3

Et

OH

56% yield, 95% ee

Et2N 2
OH

66% yield, 96% ee

n-Pr

90% yield, 91% ee

HO 3n-Oct

n-Pr

OH

62% yield, 91% ee

Me2
Si

Et

Me2
Si

Mechanistic insight:
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