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Mechanism and Related Reactions

Development of Catalytic Enantioselective Reactions
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O

R2 OH

O
R3

NC++ R4
NH2+

N

R1

R2

O H
N

O
R3

R4

Cyclohexane, 5Å MS
CPA2 (10 mol%)

20°C 36h

N

O
NHBn

O
87% yield
93% ee

Cl

OMe

N

O
NHBn

O
86% yield
92% ee

Cl

N

O
NHBn

O
84% yield
87% ee

N

O H
N

O
70% yield
91% ee

Cl

N

O
NHBn

O
78% yield
93% ee

MeO

N

O
NHBn

O
77% yield
82% ee

Cl

N

O
NHBn

O
95% yield
93% ee

Cl
N

O H
N

O
93% yield
90% ee

Cl
N

O
NHBn

O
76% yield
94% ee

O2N

NO2

CO2Et

N

O
NHBn

O 1.65g
95% yield
92% ee

Cl
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Ph H

O

OH

O
BnNC++ nBuNH2

+

1 eq 1 eq 1.3 eq 2 eq
N

PhO
NHBn

O

Cyclohexane, 5Å MS
CPA2 (10 mol%)

20°C 36h
Cl Cl

nBu

0% yield

Ph H

N

OH

O
BnNC++

1 eq 1 eq 1.3 eq

N

PhO
NHBn

O

Cyclohexane, 5Å MS
CPA2 (10 mol%)

20°C 36h
Cl

Cl
nBu

96% yield
92% ee

nBu

Active catalyst is protonated CPA2
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R1 H

O
R2

NC+ R3
NH2+ N

H

R1 H
N

O
R2

R3
CPA1 (5 mol%)

DCM, -30°C 36h
2 eq 1 eq 1 eq

O
O

Cy

Cy
Cy

Cy

Cy Cy

P
O

OH
CPA1

N
H

H
N

O

O2N

N
H

H
N

O

O2N
Ph

N
H

H
N

O

O2N

N
H

H
N

O

O2N

N
H

H
N

O

O2N OBn

OMe

N
H

H
N

O

O2N OBn

N
H

H
N

O

OBn
EWG

91% yield
97% ee

87% yield
93% ee

98% yield
85% ee

86% yield
96% ee

90% yield
93% ee

95% yield
81% ee

87% yield
93% ee

Aromatic aldehydes or aliphatic 
amines failed to yield product

Tan, 2020
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N

O

O
tBu

tBu
tBu

N

O
OtBu

tBu
tBu

Co

O

N

tBu tBu

O

O
O tBu

H

H

-

Na+

O Co3+

Na+

Λ-(S,S)-1

2×

R1 H

O

R2 OH

O
R3

NC++ R4
NH2+

N

R1

R2

O H
N

O
R3

R4

Λ-(S,S)-1
 (10 mol%)

Toluene, 4Å MS
-40°C 24h

1.5 eq 3 eq 1 eq5 eq

R1 H

O

R3
NC+ R4

NH2+
N
H

R1
N
R3

R4

Λ-(S,S)-1
 (10 mol%)

Acetic acid (4 eq)

Toluene, 4Å MS
-30°C 36h1.5 eq 1 eq3 eq

NaN3+

3 eq N N
N

Yu, 2022
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R1 H

O

R2 OH

O
R3

NC++ R4
NH2+

N

R1

R2

O H
N

O
R3

R4

Λ-(S,S)-1
 (10 mol%)

Toluene, 4Å MS
-40°C 24h

1.5 eq 3 eq 1 eq5 eq

N

Ph
O

HN
O

92% yield
97:3 er
1.23g

CF3

Br

N

Ph
O

HN
O

Br
Br

N

Ph
O

HN
O

NC

N
O

HN
O

CF3

Br

N
O

HN
O

CF3

Br

N
O

HN
O

CF3

Br

N

Ph
O

HN
O

CF3

MeO

N

Ph
O

HN
O

CF3

N

Ph
O

HN
O

CN

N

Ph
O

HN
O

CF3

Br

N

Ph
O

HN
O

CF3

Br

N

Ph
O

HN
O

CO2Et

CF3

Br

Ph

87% yield
95.5:4.5 er 83% yield

93:7 er 69% yield
96:4 er

95% yield
96:4 er

54% yield
81:19 er

58% yield
94.6:3.4 er

54% yield
96:4 er

51% yield
60.5:39.5 er

77% yield
93.5:6.5 er 59% yield

82.5:17.5 er 47% yield
78.5:5 er
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• Both Ugi and Ugi-azide reactions are ~1st order in imine, carboxylic acid, and catalyst
• Ugi-azide is 0 order in azide

R1 H

O

R3
NC+ R4

NH2+

Λ-(S,S)-1
 (10 mol%)

Acid

Toluene, 4Å MS
-30°C 36h

Acid:
MeSO3H (1 eq): 65% yield, 52.5:47.5 er

MeNH3Cl (5 eq): 26% yield, 71:29% yieldN
H

R1 H
N

O
R3

R4
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N N

O O

t-Bu

t-Bu

t-Bu

t-Bu
Al

Cl

O
O

R

R
R

R

R R

P
O

OH

R'

R'

N

O

O
tBu

tBu
tBu

Co

O

N

tBu tBu

O

O
O tBu

H

H

-

Na+

O

O
P

O
OH

R

R

Intramolecular Passerini-type
Reactions

Asymmetric Passerini
and Intramolecular Ugi-4CR

Asymmetric Ugi-4CR 
and Ugi-3CR

Asymmetric Ugi-4CR 
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Questions?
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