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Enantioselective and Stereodivergent 
Synthesis of β,β-Diaryl-α-Amino Acids

Significance: The β,β-diarylalanine core is a syn-
thetically useful motif due to its prevalence in bio-
active molecules. Merck process chemists 
demonstrate the elegant utility of asymmetric Rh-
catalyzed hydrogenation to access such challeng-
ing structures.

Comment: The authors report a three-step se-
quence with potential access to all four stereoiso-
mers of the β,β-diarylalanines. A difficult to 
achieve hydrogenation on a tetrasubstituted olefin 
was effected using Rh catalysis with a chiral Josi-
phos ligand.

General reaction:

OAr

BocHN CO2Me

Method 1:
LDA or LHMDS

Ts2O, THF, –50 °C
(E-selective)

Method 2:
Et3N or i-Pr2NEt

Ts2O, MeCN, 25 °C
(Z-selective)

Ar1

BocHN CO2Me

OTs

E-tosylate

or
TsO

BocHN CO2Me

Ar1

Z-tosylate

Pd(OAc)2 
(0.5 mol%)

dppb 
(1.1 mol%)

Ar2B(OH)2,
K3PO4, 

2-MeTHF, H2O, 
70 °C

Ar1

BocHN CO2Me

Ar2

or

Ar2

BocHN CO2Me

Ar1

Conditions 1:
(NBD)2RhBF4 (5 mol%)

L1* (5.25 mol%)
400 psi H2, MeOH

0.1 M, 25 °C

Conditions 2:
(NBD)2RhBF4 (10 mol%)

L2* (10.5 mol%)
120 psi H2, i-PrOH

0.5 M, 80 °C
E/Z-selective

tosylation

Pd-catalyzed
Suzuki–Miyaura
cross-coupling

Ar1

BocHN CO2Me

Ar2
H

H

Ar2

BocHN CO2Me

Ar1
H

H
asymmetric 

Rh-catalyzed
hydrogenation

E/Z = 24:1 to 99:1

E/Z = 1:6 to 1:9

56–98% yield

41–95% yield
88–99% ee

or

Fe
R2P

Pt-Bu2

L1*: R = 4-CF3C6H5

L2*: R = 2-furyl

Selected examples for asymmetric Rh-catalyzed hydrogenation:

BocHN CO2Me

H

H

Cl

F

F

88% yield, 97% ee

BocHN CO2Me

H

H

F3C

F

F

72% yield, 98% ee

BocHN CO2Me

H

H
72% yield, 99% ee

Selected examples of stereodivergence:

BocHN CO2Me

H

H

F3C

F

F

72% yield, 98% ee

BocHN CO2Me

H

H

64% yield, 97% ee

F

F

CF3

BocHN CO2Me

H

H

MeO2C

F

F

59% yield, 99% ee

BocHN CO2Me

H

H

71% yield, 92% ee

F

F

CO2Me

F

F

OMe

Hydrolysis of N-Boc amino acid ester:

BocHN CO2Me

H

H

Cl

F

F

1. KOH (3 equiv) 
    H2O–i-PrOH
    50 °C

2. HCl
BocHN CO2H

H

H

Cl

F

F

79%, <1% epimer
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