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Cl

N
N

O CO2H

H

Cl

N
N

O CO2H

(rac)-Cetirizine Levocetirizine 
(R)-Cetirizine

10 mg
Cmax : 203.3±42.49 ng/mL

AUC0→48 : 1814.9±304.22 ng·hr/mL

5 mg
Cmax : 196.5±31.31 ng/mL

AUC0→48 : 1710.5±263.31 ng·hr/mL

N

O

O
NH

O

O
(±)-Thalidomide



CO2H

NHAc

MeO

AcO

[Rh((R,R)-DIPAMP)COD]+BF4
−

P P

OMe

MeO

(R,R)-DIPAMP

COD

MeO

AcO

CO2H

H NHAc

HO

HO

CO2H

H NH2

L-3,4-Dihydroxyphenylalanine
( L-DOPA)

H2

95% ee



Me

O Me

O

O N
H OH

O

O

OMe

Me

O O

O

Me
O

O

Me
N
H OH

O

93% ee
Hajor-Parrish Ketone

71% ee
Wieland-Miescher Ketone

(3 mol%)

(cat.)

N
H OH

O

(30 mol%)

Me Me

O
H

O

DMSO Me

O OH
O H

N

H

Ph
Me

O

O

H
+

62% yield
60% ee

Transition State



Ph O
O

CHO
Ph

Ph
CHO

N
H

NO Me

Ph

Me
Me

•HCl
(5 mol%)

MeOH/H2O, r.t.
+ +

(2S)-endo
93% ee

(2S)-exo
93% ee

99% yield
(2S)-endo:(2S)-exo = 1.3:1

N

Ph

N
O

Ph

Me

Me
Me

Cl

Iminium Ion Dienophile

Ph

N

H

H
NPh

O
N
H

S

H
N N

OMe

tBu

HO(2 mol%)

(1)  24 h, toluene, −78 °C
(2) TFAA

HCN+ F3C

O

CNPh
78% yield
91% ee



Ph
NO2

EtO

O

OEt

O

N

S

N
H H NMe2

F3C

CF3

(10 mol%)
toluene, r.t., 24 h

Ph
NO2

OEt

O

EtO

O

(2.0 equiv)
86% yield
93% ee

+

O O

N
H

HN

N

N

H

H

CF3

F3C

Ph
NO2

Me

O O

Me
Ph

NO2

O

Me

O

Me
(0.5 mol%)

CH2Cl2, r.t., 8 h
+

(2.0 equiv)
94% yield
> 99% ee



O O

N
H

HN

N

N

H

H

CF3

F3C
N

S

N
H H NMe2

F3C

CF3

pKa = 15.1

pKa = 13.7

[H-bond distance]

N

S

N
H H N N

HH

O O

2.13 Å
2.72 Å

[pKa values in DMSO]

CH2Cl2, r.t., 24 h+
TFA (10 mol%)

(10 mol%)

(2.0 equiv) 90% yield
89% ee

SO2Ph

SO2Ph

Ph

CHO

Me

CNNC

N N
H H

CF3

F3C

NH2

SO2Ph

SO2PhOHC

MePh



α,β

Ph
NO2

O

N N

NC CN

H
F3C

CF3

H HN

(10 mol%)
4-Nitrobenzoic acid (10 mol%)

(5.0 equiv)

O Ph
NO2

neat, r.t., 24 h+

83% yield
syn:anti = 92:8

89% ee

(1)

O

N N

NC CN

H
F3C

CF3

H HN

(10 mol%)
2,4-Dinitrobenzoic acid (10 mol%)

(10.0 equiv)

neat, r.t., 24 h+

90% yield
syn:anti = 92:8

92% ee

(2)

O2N

H

O O OH

NO2



  

H

O

H
P

O

OPh
OPh

CNNC

N N
HH

N

N

MeO

tBu

tBu

(1.2 equiv)

(10 mol%)

toluene, -78 °C, 28 h

OH

P(OPh)2

O
+

97% yield
90% ee

(1)

Me

O

H
P

O

OPh
OPh

CNNC

N N
HH

N

N

MeO

tBu

tBu

(1.2 equiv)

(20 mol%)

toluene, -60 °C, 74 h
P(OPh)2

O
+

82% yield
92% ee

(2)

HO Me

H
P

O

OPh
OPh

CNNC

N N
HH

N

N

MeO

tBu

tBu

(2.0 equiv)

(20 mol%)

toluene, r.t, 72 h
+

94% yield
92% ee

(3)
O

Me

O

P(OPh)2

O

Me

MS 4Å

MS 4Å



γ

 

γ

γ γ,γ γ

γ

γ γ γ

γ γ γ

γ

γ γ γ

O
O

Me

Me

Me

O

Me

Plakilactone C

O

N

O

H
O

O

O

Ph

HO

Crassalactone D Securinine

γ,γ-disubstituted γ-butenolide

Michael Addition

Diels-Alder Reaction
1,3-Dipolar Cycloaddition

1,4-Reduction

Ring Opening

HO
X

O

R R’
*

** O
O

*

(  )n
*

*

R’

R

O
O

R’

R

O
O

R’

R

*
*

O
O

R’

R
Nu



γ γ γ

α

γ γ γ

γ

N
H

N
O

Me

Me

Me

Me

Ph ・DNBA
(20 mol%)

MeOH−H2O, -70 °COTMSO Me Me O+
O

O

Me
Me

O

81% yield
syn:anti = 22:1

92% ee

N
H

N
O Me

Me

Me
Me

Ph ・TFA
(20 mol%)

THF−H2O, -4 °C

OTIPSO CO2Me

tBuO2C O

+
O

O

tBuO2C CO2Me

O

90% yield
syn:anti = 11:1

89% ee

O
O

HO2C
CO2H

Spiculisporic acid
(3.0 equiv)

(3.0 equiv)

DCM, 0 °C→r.t.OTBSO Me
O+

O

O

Me

O

90% yield
dr = 55:45

96% ee

NPh Ph
H (20 mol%)

4-NBA (20 mol%)
H2O (2.0 equiv)

Me Me



α α

OMe
O OMe Toluene, r.t. O

O

Me

O

79% yield
dr = 4.7:1
97% ee

N
H (15 mol%)

+

N

N
Ph

Ph

PhO

(3.0 equiv)

Me

α-angelica lactone

Siloxylation

Organocatalyzed Direct Vinylogous Michael Reaction

Vinylogous Mukaiyama-Michael Reaction

+O OR1

R3

O

R2

+
R3

O

R2

O OSiR3R1

R3

O

O
O

R2
R1

**



α

γ γ γ

γ

α β

O
O

Me
O

MePh

2-HO-naphtoic acid 
(60 mol%)

PhO

Me
O

O

Me

N

N

NH2

OMe

+

(2.0 equiv)

(20 mol%)

toluene, r.t., 72 h

77% yield
dr = 8:1
99% ee

Me

O
O

Ph
NO2+

N

S

N
H N

N

HO

N

iBu

iBu

iBuO(10 mol%)

(1.5 equiv)

O2N

O
O

Me
Ph

Al(Hg)

THF/H2O
0 °C, 20 h O

N

O

Me

HPh

HO

CHCl3, −36 °C, 34 h

92% yield
dr > 20:1
89% ee

73% yield



γ,γ

γ

α

N

S

N
HH

N

CF3

CF3

O
O

Ph

Ph

O
N

O

OO

O
O

Ph
N

Ph

O

O O

O

Et2O, 25 °C, 5 h
(1 mol%)+

88% yield
dr > 99:1
94% ee

(1.1 equiv)

N
Me

O
H

Boc

O

CN+

N
H

Ph

OTMS
Ph

TMBA (20 mol%)
(20 mol%)

(1.2 equiv)

toluene, 40 °C, 48 h

N CN

O

OHC

Boc

71% yield
dr > 20:1
98% ee



γ γ γ

γ

γ γ γ

O

CN+
(10 mol%)

toluene, r.t., 24 h

83% yield
syn:anti = 71:29

93% ee

O

CN

CN OO

CN

N N

NC CN
nPr

H H

N

N

MeO

(1.0 equiv)

R1

O

CN O
O

R2

+
Organocatalyst

Direct Vinylogous Conjugate Addition
R1

O NC

O

R2

O

R1

O

O

R2

O

Nu
n

O

Nu
O

O

R1

R2

n

Intramolecular Conjugate Addition

*
*

*
* **

*

γ,γ-disubstituted γ-butenolide

hetero-bicyclic compound



α

α



O

CN

Me

O
O

O NC

O
O

Me

+
catalyst (5 mol%)

Et2O (0.4 M), r.t., 3 h

2a
(2.0 equiv)

HO
N

MeO

N

Et

O O

HH
N

N

MeO

N

Et

N
F3C

CF3

O O

HH
N

N

MeO

N

Et

N

NHSO2C4F9

Ph

N N

S

HH

N

Et

N

MeO

F3C

CF3

N N
H

H

N

Et

N

MeO

CNNC

CF3

F3C

N N
H

H

CNNC

CF3

F3C NMe2

N N
H

H

CNNC

CF3

F3C N
N N

H
H

CNNC

CF3

F3C NH2 N N
H

H

N

Et

N

MeO

CNNC

tBu

tBu

4
98% yield

syn:anti = 10:1
70% ee

5
90% yield

syn:anti = 13:1
31% ee

6
94% yield

syn:anti = 16:1
59% ee

7
96% yield

syn:anti > 20:1
4% ee

8
96% yield

syn:anti > 20:1
93% ee

9
89% yield

syn:anti > 20:1
-55% ee

10
84% yield

syn:anti > 20:1
-18% ee

11
95% yield

syn:anti > 20:1
15% ee

12
99% yield

syn:anti > 20:1
96% ee

1a 3a



α

α

O

CN

Me

O
O

O NC

O
O

Me

+
solvent (M), r.t.

2a

N N
H

H

N

Et

N

MeO

CNNC

tBu

tBu

1a 3a

12

entry
solvent

(M)
cat. 

(mol%)
2a

(equiv)
time
(h)

yield
(%) a syn/anti b % ee c

1 Et2O (0.4) 5 2.0 3 99 > 20:1 96

2 EtOAc (0.4) 5 2.0 3 97 > 20:1 96

3 THF (0.4) 5 2.0 3 98 > 20:1 96

4 DCM (0.4) 5 2.0 3 93 > 20:1 96

5 toluene (0.4) 5 2.0 1 94 > 20:1 98

6 toluene (0.4) 3 2.0 2 93 > 20:1 98

7 toluene (0.4) 1 2.0 72 54 > 20:1 97

8 toluene (1.0) 3 2.0 1 93 > 20:1 98

9 toluene (1.0) 3 1.5 1 98 > 20:1 98

10 toluene (1.0) 3 1.2 1 98 > 20:1 98

11d toluene (1.0) 3 1.2 1 99 > 20:1 98

a: Isolated yield. b: Determined by 1H NMR analysis of the crude product. c: Determined by chiral HPLC
analysis. d: at 10 °C



γ β γ

γ β,γ

γ β γ

α

α



R1

O

CN

R2

O
O

R1

O NC

O
O

R2

+
toluene (1.0 M), r.t.

2 (1.2 equiv)

N N
H

H

N

Et

N

MeO

CNNC

tBu

tBu

1 3

12R3

O NC

O
O

Me

O NC

O
O

Bn

O NC

O
O

Me

Br

O NC

O
O

Me

Cl

3a
99% yield

syn:anti > 20:1
98% ee

reaction time : 60 min

3b
95% yield

syn:anti > 20:1
96% ee

reaction time : 60 min

3c
95% yield

syn:anti > 20:1
96% ee

reaction time : 60 min

O NC

O
O

Me

NC

3e
94% yield

syn:anti > 20:1
91% ee

reaction time : 75 min

O NC

O
O

Me

F3C

3d
94% yield

syn:anti > 20:1
93% ee

reaction time : 75 min

3p
93% yield

syn:anti > 20:1
96% ee

reaction time : 75 min

O NC

O
O

Me

Me

3f
97% yield

syn:anti > 20:1
98% ee

reaction time : 75 min

O NC

O
O

Me
Me

3g
97% yield

syn:anti > 20:1
99% ee

reaction time : 120 min

O NC

O
O

MeMe

3h
90% yield

syn:anti > 20:1
89% ee

reaction time : 240 min

O NC

O
O

Me
Me

3i
96% yield

syn:anti > 20:1
99% ee

reaction time : 180 min

Me

O NC

O
O

Me

MeO

3j
97% yield

syn:anti > 20:1
98% ee

reaction time : 180 min

O NC

O
O

Me

S

O NC

O
O

Me

O

3k
96% yield

syn:anti > 20:1
93% ee

reaction time : 105 min

3l
91% yield

syn:anti > 20:1
97% ee

reaction time : 105 min

O NC

O
O

Me O NC

O
O

Me

3m
90% yield

syn:anti = 16:1
94% ee

reaction time : 120 min

3n
95% yield

syn:anti = 7.3:1
55% ee

reaction time : 24 h

O NC

O
O

Et

3o
94% yield

syn:anti > 20:1
97% ee

reaction time : 120 min

O NC

O
O

Bn

3q
90% yield

syn:anti > 20:1
94% ee

reaction time : 90 min

R3

Cl

O NC

O
O

Bn

3r
89% yield

syn:anti > 20:1
94% ee

reaction time : 90 min

Br

O NC

O
O

Me

3s
94% yield

syn:anti > 20:1
93% ee

reaction time : 40 h

Me



δ γ

γ γ

γ

γ

γ

γ

Me

O
O

+
toluene (1.0 M), r.t., 60 min

2a
(1.2 equiv)

N N
H

H

N

Et

N

MeO

CNNC

tBu

tBu

1a
6.5 mmol
(1.021 g)

12 (3 mol%)

O NC

O
O

Me

3a
95% yield
(1.581 g)

syn:anti > 20:1
98% ee

O

CN



O NC

O
O

Me

3a (R = H); 98% ee
3b (R = Br); 96% ee

R

conc. HCl
0 °C, 4 h

O

O
O

Me

R
13a: 94% yield, 96% ee (R = H)
13b: 78% yield, 95% ee (R = Br)

NH2O

Cs2CO3

THF, r.t., 7 h

O

H
N

O O

Me

H

O

R
14a: 89% yield, 96% ee (R = H)
14b: 44% yield, 95% ee (R = Br)

13b

14b



α α

O

CN

Me

O
O

N N

CNNC

H
H

N

Et

N

MeO

tBu

tBu

D
D

O NC

O
O

Me

+
toluene (1.0 M), r.t., 60 min

15 (3 mol%)

1a 2a 3a
98% yield

syn:anti > 20:1
98% ee



O

CN

O
O

Me

(R,S)-3a

O NC

O
O

TS (Si→Si) Disfavored

O

O

Me

(R,R)-3a

TS (Re→Re) Favored

NC

O

NC

O

O NC

TS (Si→Re) Disfavored

NC

O

Me

(S,R)-3a

TS (Re→Si) Disfavored

O NC

O
O

Me

(S,S)-3a

HN

Ar

H

NC

O

CN

HN

Ar

H

HN

Ar

H
HN

Ar

H

CN

N NH

NC CN

N NH

Me

O

O

O

NC CN

N NH

O

O

O

NC CN

N NH

Me

O

Me

O

Me



γ γ γ

δ γ

δ γ

γ



δ

γ

α

N

HO

N

OMe

N

OH

N

MeO

Quinine Quinidine

N

HO

N

N

OH

N

Cinchonidine Cinchonine
pseudo-enantiomer pseudo-enantiomer



β α

Cl

CN

N

O

N

H

OH

HO

H

N

O

N

O

CN

CNCl
O

CN
+

(10 mol%)

toluene, r.t., 4 h

95% yield
dr > 20:1
96% ee

(4.0 equiv)

Cl

CN

O

CN

CNCl
O

CN
+

(10 mol%)

toluene, r.t., 7 h

95% yield
dr > 20:1
93% ee

(4.0 equiv)



NO2

OPMB
+

NO2

OPMB
PMPS

O

Me
OPMB

O

+

O

OPMB

O

PMPS
NO2

OPMB

Me

86% yield
dr = 13:1
99% ee

O

OPMB

O

PMPS
NO2

OPMB

Me

82% yield
dr = 5:1
94% ee

mesitylene, -15 °C, 48 h
(5 mol%)

mesitylene, -15 °C, 48 h

(5 mol%)

(1.6 equiv)

PMPS

O

Me
OPMB

O

(1.6 equiv)

N N

O

HH

CF3

F3C
N

N

N N

O

H
H

N

N

CF3

F3C



Me

O N N
Cbz

Cbz
(R)-catalyst (10 mol%)
(S)-proline (30 mol%)
electrophile (1.2 equiv)
CH2Cl2, -30 °C→-15 °C

+

Me

CbzN
O

NHCbz
75% yield

anti:syn = 6:1
99% ee

(1.5 equiv)

Me

O N N
Cbz

Cbz
(R)-catalyst (10 mol%)
(R)-proline (30 mol%)
electrophile (1.2 equiv)
CH2Cl2, -30 °C→-15 °C

+

Me

CbzN
O

NHCbz
75% yield

syn:anti = 6:1
99% ee

(1.5 equiv)

N
H

N
O Me

Me

Me
Me

(R)-catalyst

N
H

CO2H

(S)-proline

N
H

CO2H

(R)-proline

N
H

CO2
tButBuO2C

Me Me

H H

electrophile

Ph

O

H

OSiCl3nPen

OSiCl3nPen

Phosphoramide catalyst 
(5mol%)

CHCl3/CH2Cl2, -78 °C, 6 h
then MeOH

Ph

OH

C5H11

OMe

OMe

Ph

O

H

Phosphoramide catalyst 
(5mol%)

CHCl3/CH2Cl2, -78 °C, 6 h
then MeOH

Ph

OH

C5H11

OMe

OMe

N

N

Me

P

Me

N
O

Me
(CH2)5

2

Phosphoramide catalyst
92% yield

syn:anti = 99:1
90% ee

91% yield
anti:syn = 97:3

82% ee

(1.0 equiv)

(1.0 equiv)

+

+



α

H

O
Ph

Me

(1.1 equiv)

OH

Ph
+

[{Ir(cod)Cl}2] (2 mol%)
(R)-ligand (8 mol%)
amine catalyst A (10 mol%)
CH3CCO2H (0.5 equiv)

1,2-dichloroethane
25 °C, 24 h

O
O

P N

H

O PhH

Me Ph

(R)-ligand

(R,R)-product
77% yield
dr > 20:1
99% ee[{Ir(cod)Cl}2] (2 mol%)

(L)-ligand (8 mol%)
amine catalyst A (10 mol%)
CH3CCO2H (0.5 equiv)

1,2-dichloroethane
25 °C, 24 h

H

O PhH

Me Ph
(R,S)-product

78% yield
dr = 15:1
99% ee

H

O
Ph

Me

(1.1 equiv)

OH

Ph
+

[{Ir(cod)Cl}2] (2 mol%)
(R)-ligand (8 mol%)
amine catalyst B (10 mol%)
CH3CCO2H (0.5 equiv)

1,2-dichloroethane
25 °C, 24 h

H

O PhH

Me Ph
(S,R)-product

80% yield
dr = 20:1
99% ee[{Ir(cod)Cl}2] (2 mol%)

(L)-ligand (8 mol%)
amine catalyst B (10 mol%)
CH3CCO2H (0.5 equiv)

1,2-dichloroethane
25 °C, 24 h

H

O PhH

Me Ph
(S,S)-product

71% yield
dr > 20:1
99% ee

O
O

P N

(L)-ligand

NH2

N

N

amine catalyst A

NH2

N

N

amine catalyst B



γ γ γ

α β

γ γ γ

β

nPr Me

O
Ph

O
O

N
H

Ph

NH2

tBu

NHTs

Ph

(10 mol%)
o-NO2-C6H4CO2H (20 mol%)

CHCl3, 25 °C, 72 h
Me

O nPr

O
O

Ph

+

nPr Me

O
Ph

O
O

(20 mol%)
o-F-C6H4CO2H (20 mol%)

CHCl3, 25 °C, 72 h
Me

O nPr

O
O

Ph

+

N N

S

HH N

N

MeO

NH2

(1.5 equiv)

(1.5 equiv) 95% yield
anti:syn > 19:1

99% ee

77% yield
syn:anti = 16:1

97% ee



δ γ

+

O CN

MeO

O O

OMe

nBuLi (1.0 equiv)

(1.1 equiv)

THF, -40 °C, 1 h

O CN

MeO O

OMe

O

80% yield

+

O CN

Me

O O

OMe

NaH (1.0 equiv)

(1.1 equiv)

THF, -20 °C, 1 h

O CN

Me O

OMe

O

77% yield

*
*

*
*

R2

O
O

+

Q-DMM cat. (12)

R1

O CN
R1

O NC

O
O

R2

QD-DMM cat.
(Z)-benzoyl acrylonitriles

anti product

R1

O NC

O
O

R2

syn product

R2

O
O

+

Q-DMM cat. (12)

R1

O
R1

O NC

O
O

R2

QD-DMM cat.
(E)-benzoyl acrylonitriles

3a

R1

O NC

O
O

R2

ent-3a

CN



α

γ β,γ

γ

Me

O
O

+
toluene (1.0 M), r.t., 75 min

N N
H

H

N

Et

N

MeO

CNNC

tBu

tBu

16a 17a
88% yield

anti:syn > 20:1
98% ee

12 (3 mol%)
O CN O NC

O
O

Me

2a
(1.2 equiv)



R2

O
O

+
toluene (1.0 M), r.t.

N N
H

H

N

Et

N

MeO

CNNC

tBu

tBu

16a 17

12 (3 mol%)
O CN O NC

O
O

R2

2a
(1.2 equiv)

R1 R1

O NC

O
O

Me
O NC

O
O

Me

17a
88% yield

anti:syn > 20:1
98% ee

reaction time : 75 min

O NC

O
O

Me

Br

17b
90% yield

anti:syn > 20:1
96% ee

reaction time : 180 min

Me

17c
94% yield

anti:syn > 20:1
98% ee

reaction time : 180 min

O NC

O
O

Et

17d
85% yield

anti:syn > 20:1
97% ee

reaction time : 180 min

O NC

O
O

Bn

17e
98% yield

anti:syn > 20:1
97% ee

reaction time : 180 min



γ β,γ γ

R2

O
O

+
toluene (1.0 M), r.t.

16 ent-17

18 (3 mol%)
O CN O NC

O
O

R2

2
(1.2 equiv)

R1 R1

O NC

O
O

Me
O NC

O
O

Me

ent-17a
97% yield

anti:syn > 20:1
98% ee

reaction time : 60 min

O NC

O
O

Me

Br

ent-17b
92% yield

anti:syn = 19:1
96% ee

reaction time : 210 min

Me

ent-17c
91% yield

anti:syn > 20:1
98% ee

reaction time : 180 min

O NC

O
O

Et

ent-17d
81% yield

anti:syn > 20:1
97% ee

reaction time : 180 min

O NC

O
O

Bn

ent-17e
99% yield

anti:syn > 20:1
96% ee

reaction time : 180 min

CNNC

N NH
H

tBu

tBu

N

N

Et

OMe



α

γ γ

β,γ

R2

O
O

+
toluene (1.0 M), r.t.

1 ent-3

18 (3 mol%)
O O NC

O
O

R2

2
(1.2 equiv)

R1 R1

O NC

O
O

Me
O NC

O
O

Me

ent-3a
95% yield

syn:anti > 20:1
96% ee

reaction time : 60 min

O NC

O
O

Me

Br

ent-3b
92% yield

syn:anti = 19:1
93% ee

reaction time : 240 min

Me

ent-3c
92% yield

syn:anti = 5.3:1
98% ee

reaction time : 180 min

O NC

O
O

Et

ent-3d
71% yield

syn:anti > 20:1
94% ee

reaction time : 180 min

O NC

O
O

Bn

ent-3e
95% yield

syn:anti > 20:1
94% ee

reaction time : 120 min

CN

CNNC

N NH
H

tBu

tBu

N

N

Et

OMe



δ γ

δ γ

γ δ

α α

O NC

O
O

Me

O NC

O
O

Me

O NC

O
O

Me

17a
anti:syn > 20:1

98% ee

ent-17a
anti:syn > 20:1

98% ee

ent-3a
syn:anti > 20:1

96% ee

19a
75% yield

anti:syn = 12:1
95% ee

ent-19a
74% yield

anti:syn = 12:1
96% ee

ent-13a
90% yield

anti:syn > 20:1
95% ee

O

O
O

Me
O NH2

O

O
O

Me
O NH2

O

O
O

Me
O NH2

conc. HCl
0 °C, 6 h

conc. HCl
0 °C, 6 h

conc. HCl
0 °C, 4 h



TS (Re→Si) Favored

O NC

O
O

Me

17

TS (Si→Re) Favored

O NC

O
O

Me

ent-17

TS (Si→Si) Favored

O NC

O
O

Me

ent-3

CN
O

HN

Ar

H

NC CN

N NH

Me

O

O

HN

Ar

H

NC CN

N NH

Me

O

OCN
O

HN

Ar

H

NC CN

N NH

Me

O

O
O

CN





α β γ

δ

γ

α β

γ

α β γ γ γ

γ γ

α β γ

α β γ

H
N

O

Me

O

O

Cl

OH

H
N

O

HO

Me
Me

O

S

O

HO

Me
HO

NHAc

Salinosporamide A (+)-Lactacystin

Proteasome inhibitor

H



α β α β

γ

α β γ

α β γ

α β γ

α β γ

N O
O

O
ON

Ni Ni

1,4-dioxane, 50 °C, 13 hN O
Boc

Ph
NO2 +

(2.0 equiv)

O2N

BocN
O

Ph
(2.5 mol%)

98% yield
dr > 30:1
97% ee

Ph

O

H N
Boc

O

N
H OTMS

Ph
Ph

(2.0 equiv)

OFBA (20 mol%)
(20 mol%) Ph

BocN
O

O

H

63% yield
dr = 4:1
93% ee

+ MeCN/H2O, r.t., 46 h

H

O

BocN
O

Br
1) BnNH2
    NaBH(OAc)3
    AcOH
2) TFA

N

HN
O

Bn
Br

56% yield
(2 step)

Cs2CO3
CuI

NH HNMe Me
N

N
O

Bn

62% yield
94% ee

97% ee



α β γ

α β

α β

γ

NH

Ph

HN

Ph

H2N
iPr

Ts

(15 mol%)
N-Boc-L-Trp (15 mol%)
CHCl3, 35 °C, 72 hPh Me

O
N O
Boc

(1.3 equiv)

+
BocN

O

Ph

Me

O

86% yield
dr = 15:1
98% ee

NH

Ph

HN

Ph

H2N
iPr

Ts

(15 mol%)
N-Boc-L-Trp (15 mol%)
CHCl3, 35 °C, 72 hN O

Boc

(1.3 equiv)

+

86% yield
dr = 15:1
98% ee

O
O

BocN
O

(10 mol%)

CHCl3, 50 °C, 72 h
ON

Boc
+

Ph

O

Ph
(2.0 equiv)

PhO

Ph
BocN

O
90% yield
dr > 30:1
98% ee

N
H

N

S

H

N

F3C

CF3

N



α β γ

α β

α β γ

α β γ

α β γ

α β γ

O O

N
H

F3C

CF3

N
H

N

N

MeO(10 mol%)

THF, 50 °C, 36 h
ON

Boc

(1.5 equiv)

+

88% yield
dr = 19:1
96% ee

Ph

NO

NO2

Me
Ph

BocN
O

N
O

NO2
Me

O O

N
H

F3C

CF3

N
H

N

N

MeO(10 mol%)

toluene, 30 °C, 30 hPh

O

CCl3
ON

Boc
(1.3 equiv)

+

PhO

Cl3C
BocN

O
91% yield
dr > 25:1
93% ee

(1)

(2)

R

O

CN N
Boc

O Organocatalyst R

O

BocN

O

CN

+

chiral α,β-unsaturated  γ-lactam

*
*





O

CN

O NC

BocN
O

+
toluene (0.4 M), r.t., 24-48 h

201a
(1.5 equiv)

21a

N O
Boc

catalyst (10 mol%)

CNNC

NNH
H

N

Et

N

MeO

tBu

tBu
12

12% yield
syn:anti > 20:1

8% ee

CNNC

NNH
H

N

Et

N

MeO

F3C

CF3
8

15% yield
syn:anti > 20:1

15% ee

OO

N
H

N
H

N

N

MeO

Ph

NHSO2C4F9

Et

5
77% yield

syn:anti > 20:1
72% ee

OO

N
H

N
H

N

N

MeO

NHSO2C4F9

Et

22
96% yield

syn:anti > 20:1
77% ee

OO

N
H

N
H

N

N

MeO

F3C

CF3

Et

6
80% yield

syn:anti > 20:1
67% ee

S

N

N

N
N

MeO
CF3

F3C
H H

Et

7
75% yield

syn:anti > 20:1
85% ee

S

N

N

N
N

MeO

F3C

CF3

H H

Et

S

N

N

N
N

MeO

H H
NHSO2C4F9

Ph

Et

O

N

N

N
N

MeO

F3C

CF3

H H

Et

23
64% yield

syn:anti > 20:1
91% ee

24
84% yield

syn:anti > 20:1
72% ee

25
56% yield

syn:anti > 20:1
72% ee



O

CN

O NC

BocN
O

+
solvent (0.4 M), r.t., 48 h

20
(Y equiv)

1a
(X equiv)

21a

N O
Boc

S

N

N

N
N

MeO

F3C

CF3

H H

Et

23 (10 mol%)

entry solvent 1a (equiv) yield (%) a syn/anti b % ee c

1 1.5 64 > 20:1 91

2 1.5 51 > 20:1 89

3 1.5 59 > 20:1 90

4 1.5 51 > 20:1 83

5 1.5 38 > 20:1 89

6 1.5 38 > 20:1 87

7 1.5 24 > 20:1 82

8 1.2 59 > 20:1 91

10 1.0 72 > 20:1 87

11 1.0 52 > 20:1 88

20 (equiv)

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.5

2.0

toluene

m-xylene

Et2O

CH2Cl2

THF

EtOAc

MeCN

toluene

toluene

toluene

a: Isolated yield. b: Determined by 1H NMR analysis of the crude product. c: Determined by chiral 
HPLC analysis

9 2.0 44 > 20:1 891.0toluene



O

CN

O NC

BocN
O

+
toluene (M), temp, 48 h

201a
(1.5 equiv)

21a

N O
Boc

S

N

N

N
N

MeO

F3C

CF3

H H

Et

23 (10 mol%)

entry concentration (M) yield (%) a syn/anti b % ee c

1 0.4 64 > 20:1 91

2 0.4 37 > 20:1 86

3 0.4 73 > 20:1 87

4 0.2 64 > 20:1 93

5 0.1 51 > 20:1 93

6 1.0 59 > 20:1 82

7d 0.2 62 > 20:1 93

8e 0.2 79 > 20:1 93

temp (°C)

r.t.

0

40

r.t.

r.t.

r.t.

r.t.

r.t.

a: Isolated yield. b: Determined by 1H NMR analysis of the crude product. c: Determined by chiral 
HPLC analysis. d: Catalyst 23 (20 mol%) was used. e: The reaction was carried out for 72 h.



α β γ



21a
79% yield

syn:anti > 20:1
93% ee

21c
71% yield

syn:anti > 20:1
90% ee

21o
63% yield

syn:anti > 20:1
88% ee

R

O

CN R

O NC

BocN
O

+
toluene (0.2 M), r.t., 72 h

201
(1.5 equiv)

21

N O
Boc

S

N

N

N
N

MeO

F3C

CF3

H H

Et

23 (10 mol%)

O CN

BocN
O

Br

O CN

BocN
O

21b
69% yield

syn:anti > 20:1
89% ee

Cl

O CN

BocN
O

21f
66% yield

syn:anti > 20:1
95% ee

Me

O CN

BocN
O

21g
70% yield

syn:anti > 20:1
93% ee

O CN

BocN
O

Me
O CN

BocN
O

Me

21h
72% yield

syn:anti > 20:1
95% ee

Me

O CN

BocN
O

Me

21i
74% yield

syn:anti > 20:1
95% ee

21j
63% yield

syn:anti > 20:1
99% ee

MeO

O CN

BocN
O

O CN

BocNO
O

21k
71% yield

syn:anti > 20:1
97% ee

O CN

BocNS
O

21l
74% yield

syn:anti > 20:1
93% ee

21m
75% yield

syn:anti > 20:1
92% ee

O

BocN
O

CN

21n
51% yield

syn:anti > 20:1
95% ee

O

BocN
O

CN

O CN

BocN
O

21c



α β γ

α β γ

δ α β γ

+
toluene (0.2 M), r.t., 72 h

20
5.5 mmol
(1.007 g)

1a
(1.5 equiv)

21a
70% yield
(1.308 g)

syn:anti > 20:1
93% ee

N O
Boc

S

N

N

N
N

MeO

F3C

CF3

H H

Et

23 (10 mol%)
O

CN

O CN

BocN
O

21a
syn:anti > 20:1

93% ee

O CN

BocN
O

Pd(NO3)2 (5 mol%)
acetamide (4.0 equiv)
AcOH (0.2 M), r.t., 3 h

26a
82% yield

syn:anti > 20:1
92% ee

O
O NH2

BocN
O



α β γ

N

S

N
HH

N H E

Nu

N

S

N
HH

N H Nu

E

N

S

N
HH

N H Nu E

path A path B path C

Ph O

CN

O
O

OtBu

N

H
N

Ar

H

S

H

H

N CF3

CF3

H

N



α β γ

δ α β γ

δ α β γ



γ

R2

O
O

+
toluene, r.t., 1h-40 h

N N
H

H

N

Et

N

MeO

CNNC

tBu

tBu

12 (3 mol%) R1

O NC

O
O

R2
R1

O

CN

R3

R3
O

H
N

O O

R2

H

O

R1
up to 99% yield
syn:anti > 20:1
up to 99% ee

Bicyclic γ-lactam derivatives

R2

O
O

+
toluene, r.t., 75-180 min

N N
H

H

N

Et

N

MeO

CNNC

tBu

tBu

12 (3 mol%)
O CN O NC

O
O

R2

R1 R1

up to 98% yield
up to 98% ee



α β γ

δ α β γ

R2

O
O

+
toluene, r.t., 60-240 min

18 (3 mol%)
O O NC

O
O

R2

R1 R1

CNNC

N NH
H

tBu

tBu

N

N

Et

OMe

up to 95% yield
up to 98% ee

CN

+
toluene , r.t., 72 h

N N

S

H

N

Et

N

MeO23 (10 mol%)

up to 79% yield
syn:anti > 20:1
up to 99% ee

H

CF3

F3C

N O
Boc

R

O

CN R

O CN

BocN
O



γ





δ

δ

µ



β γ

δ

δ

Me

O SeO2
H2O

1,4-dioxane, reflux

O
H

O
H2O・

S1

benzene, reflux

O

CN
benzoic acid
Ph3P CN

1m

N

NH2

27
28

+
THF, reflux, 24 h

CNNC

HN SMe
F3C

CF3

CNNC

HN N
H

N
F3C

CF3

10



α δ 

δ

α

δ 

δ

CNNC

NMeS

N

Et

H N

MeO
CN

tBu

tBu NaBD4
I2

THF, reflux, 3 h

tBu

tBu NH2

D D

29

CNNC

NN

N

Et

H N

MeO

H
tBu

tBu

D
D

S2

30

THF, reflux, 11 h

15



α µ

α 28

δ

δ

λ

α 27

δ

δ

O

CN

Me

O
O

O NC

O
O

Me

+
toluene, r.t., 60 min

2a

N N
H

H

N

Et

N

MeO

CNNC

tBu

tBu

1a 3a

12 (3 mol%)

O NC

O
O

Me

3a

O NC

O
O

Me

Br

3b



λ

[α]28

δ

δ

λ

[α]29

δ

δ

 , 1

λ

[α]29

δ

δ

λ

O NC

O
O

Me

Cl

3c

O NC

O
O

Me

F3C

3d

O NC

O
O

Me

NC

3e



[α]29

δ

δ

λ

[α]25

δ

δ

λ

[α]29

δ

δ

λ

[α]29

δ

δ

O NC

O
O

Me

Me

3f

O NC

O
O

Me
Me

3g

O NC

O
O

Me
Me

3h

O NC

O
O

Me
Me

3i
Me



λ

[α]29

δ

δ

λ

[α]25

δ

δ

λ

[α]25

δ

δ

λ

O NC

O
O

Me

MeO

3j

O NC

O
O

Me

O

3k

O NC

O
O

Me

S

3l



[α]29

δ

δ

λ

δ

δ

δ

λ

[α]29

δ

δ

λ

O NC

O
O

Me

3m

O NC

O
O

Me

3n

O NC

O
O

Et

3o



[α]29

δ

δ

λ

[α]29

δ

δ

λ

[α]25

δ

δ

λ

[α]23

δ

3p

O NC

O
O

Bn

O NC

O
O

Bn

3q
Cl

O NC

O
O

Bn

3r
Br

O NC

O
O

Me

3s

Me



δ

λ

α µ

γ

[α]24

δ

δ 

O NC

O
O

Me

3a

conc. HCl
0 °C, 4 h

O

O
O

Me

13a

NH2O

O
NH2O

O
O

Me

13a



λ

[α]25

δ

δ

λ

γ

γ

O

O
O

Me

13a

NH2O

Cs2CO3

THF, r.t., 7 h

O

H
N

O O

Me

H

O

14a

O
NH2O

O
O

Me

Br

13b



[α]25

δ

δ

λ

[α]24

δ

δ

λ

O

H
N

O O

Me

H

O

14a

O

H
N

O O

O Me

H

Br
14b



O
NH2O

O
O

Me

Br

13b



O

H
N

O O

O Me

H

Br
14b



[α]23

δ

δ

MeS SMe

NC CN

N

NH2

N

OMe

Et

N
H

NC CN

N

NH

N

OMe

Et

THF, reflux, 18 h

MeS

NC CN

N

NH

N

OMe

Et tBu

tBu

NH2

tBu

tBu

THF, reflux, 48 h
31

32 S3 18

33



µ

µ

µ

δ

δ

δ

δ 

O

OH

R

1) oxalyl chloride
    CH2Cl2, 0 °C→r.t.
2) NH2OH/H2O, r.t.

R
O

H
N

OH

R
O

H
N

O

S4a R = H
S4b R = Br
S4c R = Me

O

Me

pyridine
acethyl chloride
THF, 0 °C→r.t.

S5a R = H
S5b R = Br
S5c R = Me



µ

δ

δ 

δ

δ

R
O

H
N

O

O

Me

S5a R = H
S5b R = Br
S5c R = Me

1) BIs(collidine)bromine(Ⅰ)
　 hexafluorophosphate
    CH2Cl2, r.t.
2) Et3N, r.t.

O CN

R

S16a R = H
S16b R = Br
S16c R = Me

Me

O
O

O NC

O
O

Me

+
toluene, r.t., 60 min

2a

N N
H

H

N

Et

N

MeO

CNNC

tBu

tBu

1a 3a

12 (3 mol%)
O CN



α µ

[α]24

δ 

δ 

λ

[α]25

δ 

δ  

λ

[α]26

δ 

δ

 

λ

O NC

O
O

Me

17a

O NC

O
O

Me

Br

17b

O NC

O
O

Me

Me

17c



[α]26

δ 

δ

 

λ

[α]26

δ 

δ

 

λ

[α]25

δ 

δ 

λ

[α]26

δ 

δ  

O NC

O
O

Et

17d

O NC

O
O

Bn

17e

O NC

O
O

Me

ent-17a

O NC

O
O

Me

Br

ent-17b



λ

[α]25

δ 

δ

 

λ

[α]26

δ 

δ

 

λ

[α]26

δ 

δ

 

λ

O NC

O
O

Me

Me

ent-17c

O NC

O
O

Et

ent-17d

O NC

O
O

Bn

ent-17e



[α]24

δ

δ

λ

[α]25

δ 

δ 

λ

δ 

δ 

δ

; 

λ

O NC

O
O

Me

ent-3a

O NC

O
O

Me

Br

ent-3b

O NC

O
O

Me

Me

ent-3c



[α]25

δ 

δ 

λ

[α]26

δ 

δ

 

λ

O NC

O
O

Me

17a

conc. HCl
0 °C, 6 h

O

O
O

Me

19a

NH2O

O NC

O
O

Et

ent-3d

O NC

O
O

Bn

ent-3e



[α]26

δ 

δ 

λ

[α]26

δ 

δ 

λ

[α]26

δ 

δ 

λ

O

O
O

Me

19a

NH2O

O

O
O

Me

ent-19a

NH2O

O

O
O

Me

ent-13a

NH2O



O NC

O
O

Me

Br

17b



β γ γ

β γ γ

+
toluene , r.t., 72 h

N N

S

H

N

Et

N

MeO23 (10 mol%)

H

CF3

F3C

N O
Boc

O

CN

O CN

BocN
O1a 20

21a



[α]24

δ

δ

λ

[α]25

δ

δ

λ

[α]25

δ

δ

λ

O NC

BocN
O

21a

Br

O NC

BocN
O

21b
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