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Asymmetric Michael Addition Reaction via 
Rhodium Catalyst Fragmentation

Significance: Dual catalysis has emerged as a 
powerful approach for the synthesis of enantioen-
riched compounds. The use of a single catalyst 
containing two or more functionalities, or the co-
operation of two different catalysts, represents the 
common approach. The authors present an un-
usual dual catalytic system based on the disinte-
gration of a single chiral rhodium complex in situ. 
This process was applied in the asymmetric 
Michael addition of aldehydes to give α,β-unsatu-
rated 2-acyl imidazoles.

Comment: Reaction between α,α-disubstituted 
aldehydes and α,β-unsaturated 2-acyl imidazoles 
was catalyzed by a single chiral rhodium catalyst. 
The corresponding products were obtained in ex-
cellent yields, moderate diastereo- and excellent 
enantioselectivities. The authors propose a mech-
anism in which the rhodium catalyst decomposes 
into a chiral Lewis acid, which activates the 2-acyl 
imidazole substrate 1, and L-β-phenylalanine, 
which activates the aldehyde 2.

21 examples
66−99% yield

dr = 1.8:1 to 5.8:1
89–99% ee

Selected examples:

O

CO2R2N

N
R1

OHC

R3

R4

2
(3.0 equiv)

catalyst (5.0 mol%)

TFA (0.4 equiv)
or NH4PF6 (0.1 equiv)

DCE, 0 °C, 14 h
(0.1 mmol scale)

O

N

N
R1

CO2R2

CHO

R3 R4

+

Rh
O

H2
N

NPh

O

O

N

O

t-Bu

t-Bu

O

N

N
Ph

CO2t-Bu

CHO

Ph

O

N

N

CO2Et

CHO

Ph

O

N

N
Ph

CO2t-Bu

CHO

O

N

N
Ph

CO2t-Bu

CHO

NHBoc

87% yield
dr = 5.8:1
99% ee

66% yield
dr = 4.0:1
95% ee

95% yield
dr = 1.8:1
99% ee

99% yield
dr = 4.2:1
98% ee

Catalyst synthesis:

RhCl3·3H2O

1.
N

O

t-Bu

EtOCH2Ch2OH–H2O (3:1)
reflux

2. L-β-phenylalanine
    NaOMe (5.0 equiv)
    50 °C

catalyst

24% yield over two steps
>99% ee

Proposed mechanism:
catalyst

NN

O

R2O2C

R1

[Rh]

NN

O

R1

[Rh]

CO2R2

CHO

R3

R4

NN

O

R1

[Rh]

CO2R2

R3

R4

N

Ph
CO2

–

H

R4

R3

N
H

Ph

CO2H

L-β-phenylalanine

1 3

1, H+
2

1

3

L-β-phenylalanine

H2O

2

PF6
–

SYNFACTS Contributors: Mark Lautens, Ivan Franzoni
Synfacts 01082016, 12(08), 0809 Published online: 19.07.20161 8 6 1 - 1 9 5 81 8 6 1 - 1 9 4 X
DOI: 10.1055/s-0035-1562675; Reg-No.: L08316SF ©Georg Thieme Verlag  Stuttgart · New York

Category

Metal-Catalyzed 
Asymmetric 
Synthesis and 
Stereoselective 
Reactions

Key words

dual catalysis

asymmetric Michael 
addition

chiral Lewis acids

rhodium catalysis

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


