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BINOL 6a, 7a

BINOL

 

1a

N2O2 O2O2

syn- [Cu/oxo Sm 

alkoxide/1a] (eq 1)2a, 2d anti- [Pd/La(O-iPr)3/1a] (eq 2)2b

O2O2 MeO

1b 1c

α-

[Ga(O-iPr)3/Yb(OTf)3/1b] (eq 3)2c meso-

[La(O-iPr)3/Yb(OTf)3/1c] (eq 4)2f

-

- foldamer

1d
9

[Ni/La(O-iPr)3/1d] (eq 4)2e -  

N N

OH HO

OH HO

Schiff base 1a-H4

N N

OH HO

OMe MeO

Schiff base 1b-H2

N N

OH HO

OMe OMe
Schiff base 1c-H2

N
H

N
H

OH HO

OMe MeO

ligand 1d



OH

HO
HN

CH3

H3C

CH3

O CO2Etβ3-agonist

N
H

O

OCH3

Cl

H3CHN

N

CH3

Bn

nemonapride

HN

O

OMe

O

rolipram

R

N
Boc

R

NHBoc
R'

NO2

R'CH2NO2+

Cu/oxo Sm alkoxide/1a

H
R = aryl, heteroaryl, alkyl
R' = Me, Et, BnOCH2

-

99-54% yield
>20:1-13:1 (syn/anti )

99-66% ee

(1-10 mol %: 1a)

R

O

H
R

OH

NO2

R'

Pd/La(O-iPr)3/ent-1a
(5-10 mol %: ent-1a)

R = aryl, heteroaryl
alkenyl, alkyl

97-65% yield  
anti/syn = 22:1-3:1

92-72% ee

R'CH2NO2+

(eq 1)

(eq 2)

CN

O

NR'R''

Bn

R

OH

N

O
NR'R''

Bn

Ga(O-iPr)3/Yb(OTf)3
/1b (10 mol %)

91-70% yield
98-88% ee

R

O

H

R = aryl, heteroaryl
alkenyl, alkyl

+(eq 3)

BnS

O O

OH R
NO2

Ni/La(O-iPr)3/1d
(5-10 mol %) NO2

RO

BnS

99-40% yield
94-66% ee

(eq 5) +

+

R'

R'
H
N

CO2R

CO2R

PG

R'

R'
N PG

CO2R

CO2R

La(OiPr)3/Yb(OTf)3/1c 
 (0.25-10 mol %)

>99.5-97% ee
99-63% yield

(eq 4)

cyclic & acyclic R = Me, Et, Bn

H
N

CO2Me

Boc

cyclic γ-amino acids

1a O2O2

1e

Ni(OAc)2•4H2O 1e Ni2-1e
3a

ESI-MS 1H NMR

Ni2-1e

10

Co2(OAc)2-1e
3b

Mn2(OAc)2-1e
3d

Co(OAc)2, Mn(OAc)2

 

N N

OH HO

OH HO
Schiff base 1e-H4

N N

O O
M

O O
M

(R)-M2-1e complex
M = Ni, Co-OAc, Mn-OAc

M(OAc)2

EtOH
reflux

under air



3

Ni2-1e

nitroacetate

Mannich

(eq 6)3a

(eq 7)3e α,β-

γ−

vinylogous 

(eq 8)3f

syn-

(eq 9 )3f

anti-

Diphenylphosphinoyl

F

Ni2-1f

(eq 9

)3g Co2(OAc)2-1e

(alkynone) 3b Mn2(OAc)2-1e

(eq 10) 3d

chimonanthine calycanthine
3h, 3i  

Ni, Mn, Co

Brønsted Base

N N

O O

O O

Ni

Ni

Lewis acid

N

O

Ni

O

Ni

O

O
O

O

N

HtBu-O

enolate
formation

TS

N+
-O

R'

O2N CO2t-Bu

R'

imine
activation

R

NH

CO2tBu

Boc

NO2R'

N R

O

tBuO

N

O

Ni

O

Ni

O

O
O

O

N

HtBu-O

N+
-O

R'

C-C bond
formation;
protonation

NH
Ph2(O)P

R'
N

O
Boc
H

(R)-Ni2-1f
(5 mol %)

(R)-Ni2-1e
(1-2.5 mol %)

99-63% yield
>30:1-5:1 dr
99-85% ee

N

O

Boc

NO2

R

N
O Boc

H

95-61% yield
>30:1-5:1 dr
99% ee

N

R'H

Ph2(O)P

N
O

R

Boc

+
(R)-Ni2-1e
 (1 mol %)

N
O

Boc

R N
X X

N

N

Boc

Boc

HN
Boc

Boc

Y Y

R = alkyl, benzyl, allyl, aryl

N
Boc Ni2-1e

R

NH

CO2tBu

Boc

R = aryl, heteroaryl, alkyl

+
CO2tBu

NO2

R'

NO2R'
R' = Me, Et, n-Pr, Bn

99-86% yield
>99-91% ee
>30:1-6:1 dr

(1-10 mol %)

R H

N
O

R

Boc

R'
NO2

(R)-Mn2(OAc)2-1e
 (1-5 mol %)

N
O

Boc

R
NO2

R'

X X

R' = aryl, heteroaryl, alkenyl

99-83% yield
>30:1-6:1 dr
96-85% ee

+

(eq 6)

(eq 7)
96-67% yield
99-87% ee

N

O

Boc

R
NO2+ 99-83% yield

99-96% ee
>30:1-16:1 dr

R = aryl, heteroaryl
       alkenyl, alkyl

(eq 8)

(R)-Ni2-1e
(5 mol %)

NH
Boc

R
N

O
Boc
H

N

RH

Boc

(eq 9)

(eq 10)



Ni

Ni-O Ni-O

Ni-O Brønsted Ni-enolate

Ni Lewis

C-C

Group 2

Group 2

1c

Bu2Mg 1c

(eq 11)

Bu2Mg 1c syn- Sr(O-iPr)2 1c anti-

(eq 12)4b

Bu2Mg 1c Sr(O-iPr)2 1c

CD

Mg 1c

Sr-1c

 

NH
O

R

R'

R''

S

OMeO

R R'

O

OMe

O

R''

SCN+

Bu2Mg/1c
(2.5-20 mol %: 1c)

99-68% yield
98:2-74:26 dr
98-82% eeR = aryl, heteroaryl, alkenyl, alkyl

R' = Me, alkyl
R'' = Me, Et

(eq 11) NH2•HCl
OH

R

R'

R''
OMeO

Sr(O-iPr)2/1c
(10 mol %)

93:7-90:10 (syn:anti)
95-80% ee

Bu2Mg/1c
(10 mol %)

(eq 12)

OMe

O

Me

SCN

N

MeR

Ph2P
O

OMe

O

Me

SCN

NH
N

Me

R

CO2Me

S

Me

Ph2(O)P

NH
N

R

Me

CO2Me

S

Me

Ph2(O)P

96:4-83:17 (anti:syn)
97-87% ee
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