
Ph

O

H
MeOH, RT

p-NO2C6H4OH

iBu2NH
p-NO2C6H4OH

MeOH, RT Ph

O

H MeOH, RTPh
MeNO2

N
H

Ph Ph

OTMS

10 mol%

Michael reaction

Org. Lett., 9, 5307 (2007).

hexane, 0 oC

N
H

Ph Ph

OTMS
10 mol%

Michael reaction

Angew. Chem., Int. Ed., 44, 4212 (2005).
Org. Synth., 2017, 94, 252.

Ph
NO2

H

O
O2N

Ph

THF, RT

N
H

Ph Ph

OTMS
2 mol%

Tandem Michael / Henry reaction

Angew. Chem., Int. Ed., 46, 4922 (2007).

Ph
NO2

OHO OH

NO2

OH

OHC

Ph

Ph

O

H
H2O, RT

Ph

OHC

CHO

Ph

exo : endo = 80 : 20, 97% ee (exo)

Angew. Chem., Int. Ed., 47, 6634 (2008).

N
H

Ph Ph

OTBS
10 mol%

Michael / cyclization reaction

Tetrahedron, 66, 4894 (2010).

O

H THF, RT

N
H

Ph Ph

OTBS
10 mol%

Chem. Commun,, 3083 (2009).

Ph O

O
O Ph

O

OPh

O Me
H

O

α-Benzoyloxylation

Ph

O

H
MeOH, RT

p-NO2C6H4OH

N
H

Ph Ph

OTBS
10 mol%

Ph

O

H

Ph

O

H

84%, 92% ee
Angew. Chem., Int. Ed., 45, 6853 (2006).

Michael reaction

Ph

O

H

OH

Ph
Ph

NHBoc
NBoc

Ph
(CH2Cl)2, 70 oC

OH

Ph

NBoc

Ph

N
H

Ph Ph

OTBS
10 mol%

α β
90%, 94% ee, α : β = 34 : 66

Angew. Chem., Int. Ed., 47, 4012 (2008).

Formal aza [3+3] cycloaddition

O

H
CH2Cl2, RT R

Formal carbo [3+3] cycloaddition

O

OMeO

O

OMe

R

PhCO2H

N
H

Ph Ph

OTBS

10 mol%

OMeO

O

O

OMe

Org. Lett., 11, 45 (2009).
up to 99% ee

R1

H

O

O

N
toluene, 0 oC

H

O

R1
R2

O

N
R3

O

+
R3O

R2 N
H

Ph Ph

OTBS

10 mol%

up to 99% ee
up to >90% de

Chem. Asian. J., 4, 246 (2009).

Michael reaction

63%, 95% ee

78%, 92% ee

66%, 99% ee

85%, 99% ee

Diels-Alder reaction

90%, 95% ee

O

H
MeOH, RT

O

R

PhCO2H

N
H

Ph Ph

OTMS
10 mol%

Org. Lett., 11, 4056 (2009).
up to 99% ee, a : b = 9 : 1

O2N

OH

R

OH

NO2

O

R

OH

NO2

NaHCO3

MeOH, RT

a b

Ar = 3,5-(CF3)2C6H3-

O

H

N
H

Ar Ar

OTMS
N
H

Ar Ar

OHN

Ar Ar

OH

CO2Et
N
H

OH

O 1) ClCO2Et
K2CO3, MeOH

2) ArMgBr, THF
KOH

MeOH

TMSCl
imidazole

DMF

Michael reaction / isomerization

This catalyst is synthesized in short steps from 
proline.
Substituents on aryl and silyl moiety are easily 
modified.
Excellent enantioselectivity is obtained

Reaction using diarylprolinol silyl ether derivatives as catalyst

O

H

Ph
O2N

PhCO2H

NO2Ph
Me

H

O N
H

Ph Ph

OTMS
10 mol% Ph

N
Ns

TMS

N
Ns

PhPh
NO2

Me

toluene, RT 1,4-dioxane
; evapo

CH2Cl2

Michael / aza Henry / aminal formation / additional reaction

R
O

H HOOH
hexane, RT

N
H

Ph Ph

OSiMePh2
20 mol%

R
O

H
O

up to 95% ee

epoxidation

Org. Lett., 12, 5434 (2010).

up to 99% ee
Single diastereomer

Org.Lett., 12, 4588 (2010).

NO2R1

R2
H

O N
H

Ph Ph

OTMS
10 mol%

TMS

O

R3R1

NO2

R2

toluene, RT
; evapo

CH2Cl2

Michael / Henry / acetal formation / additional reaction

up to 99% ee
Single diastereomer

Angew. Chem., Int. Ed., 50, 3774 (2011).

H

O

R3

MeCN

DBU TiCl4TiCl4

N
H2

Ar Ar

OTMS

5 mol%
ClO4

-

Development of new reactions
Asymmetric reaction using amino acid or their derivatives as a catalyst,

environmental conscious asymmetric reaction using water as a solvent, and research about origin of chirality

Org. Lett, 9, 2859 (2007).

Hayashi Lab. Homepage http://www.ykbsc.chem.tohoku.ac.jp/



CHOR

1,4-dioxane, RT

N
H

Ph Ph

OTMS
10 mol%

Angew. Chem., Int. Ed., 47, 4722 (2008).

Ph
NO2

H

O
O2N

Ph

75%, 96% ee

O

HPh

N
Bz

H

O

H

Michael reaction

N
H

Ar Ar

OTMS
10 mol%

p-NO2C6H4CO2H

THF, 4 oC Ph

NH
Bz

O

H
87%, 98% ee

Angew. Chem., Int. Ed., 47, 9053 (2008).

Ar = 3,5-(CF3)2C6H3-Mannich reaction

R1

NHTs

SO2Ph

O

H

N
H

Ar Ar

OTMS
10 mol%

NaHCO3

1,4-dioxane or brine, 10 oC R1

NH
Ts

O

H

up to 99% ee
Chem. Eur. J., 17, 8273 (2011).

Ar = 3,5-(CF3)2C6H3-Mannich reaction

R2
R2

O

H

N
H

Ph Ph

OTMS
20 mol%

DDQ

Ar

O

H

Angew. Chem., Int. Ed., 50, 3920 (2011).
Adv. Synth. Catal. 355, 3661 (2013).

THF

H

Ar

MeNO2
NaOAc

MeOH

O2N

R1 = alkyl
or aryl up to 95% ee

Formal C-H insertion

Reaction using diarylprolinol silyl ether derivatives as catalyst

H

H
toluene, RT

N
H

Ph Ph

OTMS
10 mol%

J. Am. Chem. Soc., 133, 20175 (2011).

up to 99% ee

[6+2] cycloaddition reaction

O

H

R2 R1

R3

MeOH, RT

N
H

Ph Ph

OSiPh2Me
10 mol%

ChemCatChem, 4, 959 (2012).
<Review>
ChemCatChem, 5, 3499 (2013).

up to 95% ee

Michael reaction (1,4-Addition versus 1,6-Addition)

MeNO2

O

H

R2 R1

R3 NO2

O

H
R3

R2
R1

NO2

100 0:

NHTs

SO2Ph

O

H

N
H

Ar Ar

OTMS
10 mol%

NaHCO3

1,4-dioxane, RT

N
Ts

OH

up to 99% ee
Chem. Eur. J., 17, 8273 (2011).
<Account for Mannich reaction>
J. Synth. Org. Chem., Jpn., 2014, 72, 1228.

Ar = 3,5-(CF3)2C6H3-

R R

Cl
NaBH4

MeOH

Mannich reaction

N N
R

H

H
R

H

O

H

R1
MeOH, RT

N
H

Ph Ph

OTMS
10-20 mol%

Chem. Eur. J. 20, 12072 (2014).
up to 94% ee

MeNO2

O

H

R1 NO2

R2

or
EtNO2

R2

R3

Michael reaction

Concerted Mechanism

O

R3 = H or Me

N
Bn

H

O

toluene, RT

N
H

Ar Ar

OSiPh2Me
10 mol%

HOOH

R

N
Bn

R O

up to 98% ee

Epoxydation

ChemCatChem, 7, 155 (2015).

CO2Et

O

n
polymer form

R1

R2
H

O

THF, RT

N
H

Ph Ph

OTMS
30 mol%

N
H

N
H

S
ArAr

30 mol%

Ar = 3,5-(CF3)2-C6H3-

OH O

H
O

EtO

R1 R2

OH O

H
O

EtO

R1 R2

(R1 < R2)

syn anti

Aldol reaction

Eur. J. Org. Chem. 2015, 4316.

up to syn : anti = 1 : 2.9
up to 91% ee

H

O

O

H R
NO2 CH2Cl2 or MeCN, RT

N
H

Ph Ph

OTMS
10 mol%

R
O2N

HO
OH

up to 99% ee
Eur. J. Org. Chem. 2015, 4320.

Formal [3+2] cycloaddition

N
Bn

H

O

iPrOH/H2O, RT

N
H

Ar Ar

OTMS
20 mol%

MeNO2
N
Bn

up to 94% ee

Michael reaction

Chem. Eur. J. 20, 13583 (2014).

O2N
RR

10 mol% p-NO2C6H4OH

OH

NaBH4

MeOH

NaBH4

MeOH
NaBH4

MeOH

OH

Cyclopropanation

H
R

O

Br NO2 CH2Cl2, RT

N
H

Ph Ph

OSiPh2Me
10 mol%

N-Me-imidazole R

O2N

O

H

up to 99% ee

Eur. J. Org. Chem. 2015, 5747.

O

H MeCN, -20 °C

up to exo : endo = 99 : 1
up to 91% ee

Diels-Alder reaction Ar = 3,5-(CF3)2C6H3-

N
H2

Ar Ar

OTMS
CF3CO2

R CHO

R

CHO

R

+
20 mol%

O

H
H2O, 0 °C

up to exo : endo = 88 : 12
up to 99% ee

Diels-Alder reaction Ar = 3,5-(CF3)2C6H3-

N
H2

Ar Ar

OTMS
ClO4

CHO R+
5 mol%

Chem. Eur. J. 2016, 22, 15874.

Chem. Eur. J. 2016, 22, 15874.

R O2N

O

O

Ar H

O
O

OH
Ar

O2N

H O

PhCO2H, H2O
+

N
H

Ph Ph

OTMS
10 mol%

iPrOH, rt

Domino Michael-aldol reaction

up to >99% ee
dr = >95 : 5

Angew. Chem. Int. Ed. 2017, 56, 11812.

N
H

Ph
Ph

OSiPh2Me
N
H

HO
O

OH
O

Ph

H

O
H2O, p-nitrophenol

EtOH/toluene, RT
; Ph3PCHCO2Et

OPh
EtO2C

Michael reaction

15 mol%
7.5 mol%

+

 96% ee
syn : anti = 15 : 1

Angew. Chem. Int. Ed. 57, 1958 (2018).

Michael reaction

H

O

R1
NO2

CO2Et

R2

+ NO2

CO2Et

R2

R1
HO

toluene, RT

N
H

Ph Ph

OTMS
10 mol%

PhCOOH

up tp 99% ee

Chem. Lett., 2018, 47, 833.



H

O

N

H

Ar Ar

OH

10 mol%

DMF, 4 C

NaBH

MeOH

OH

OH

82%, 98% ee

Angew. Chem., Int. Ed., 47, 2082 (2008).

H

O

N

H

Ar Ar

OH

10 mol%

NMP, 4 C

3

OH

OO
NaBH

MeOH OH

OH

56%, 82% ee

Org. Lett., 10, 5581 (2008).

Cl

H

O Cl

toluene, RT

N

H

Ar Ar

OH

10 mol% Ph P=CHCO Et

R

H

O

F C

OH

OEt

In 10% EtOH

F C

CO Et

R

up to 96% ee

OH

Synlett, 485, (2011).

Aldol reaction by diarylprolinol as a catalyst

N

R

R

O

O

OTIPS

O

H

N

H

Ar Ar

OH

30 mol%

ClCH CO H

DMF, 4 C

N

R

R

O

OTIPS

HO

CHO

R = H, 73%, 85% ee

R = Br, 86%, 82% ee

N

H

Br

Br

O

HO
OH

N

H

HO

O

H N

Me

MeO

NMe

H

ent-Convolutamydine E
a half fragment of

Madindoline A and B
CPC-1

HO

Org. Lett., 11, 3854 (2009).

aq MeCN

N

H

Ar Ar

OH

10 mol%

R

H

O

EtO C

O

H

Polymer form

EtO C

OH

CO Bu

R

EtO C

OH

R

OMe

OMe

up to 99% ee

Org. Lett., 12, 2966 (2010).

Ph P=CHCO Bu

MeOH, PPTS

THF, RT

N

H

Ar Ar

OH

10 mol% Ph P=CHCO Et

R

H

OOH

OH

CO Et

R

up to 99% ee

OH

Chem. Commun., 48, 4570 (2012).

O O

40 wt% in water

N

H

Ar Ar

OH

10 mol%

R

H

O
O

H

HC(OMe) , TsOH

CO Et

R

R

OMe

OMe

up to 99% ee

Cl

THF, RT

O

O40 wt% in water

Angew. Chem., Int. Ed., 50, 2804 (2011).

R

H

OOH

Cl

Ph P=CHCO Et

R

OMe

OMeOH

Cl

R

OH

Cl CO Et

K CO

K CO

EtO C

R

H

OOH

CO Et

O

n

KOH

MeOH

This catalyst is synthesized in short steps from

proline.

This is effective organocatalyst of direct,

enantioselective aldol reaction.

Excellent enantioselectivity is obtained.

N

H
N

H

O

OH

CF

F C MgBr

OH

F C CF

CF

CF

N
OH

F C CF

CF

CF
OEtO

ClCO Et

K CO

MeOH
N

O

OMe

OEtO

THF

Diarylprolinol

O

H

O

H

N

H

Ar Ar

OH

30 mol%

R H

O

DMF/H O, RT
O

R

MeO

OMe

OMe

TsOH

HC(OMe)

up to 99% ee

Chem. Lett. 42, 1294 (2013).

OH

OH

R

H

O N

H

Ar Ar

OH

30 mol%

toluene/MeOH

5 C

Ph P=CHCO Et
HO

CO Et

R

up to 99% ee

Chem. Lett. 43, 556 (2014).

THF, RT

N

H

Ar Ar

OH

10 mol% Ph P=CHCO Et

R

H

OO

H
CO Et

R

up to 99% ee

OH

ChemCatChem., 5, 2883 (2013).

O

H

39 wt% in water

EtO C

1,4-dioxane/H O

RT

N

H

Ar Ar

OH

10 mol% Ph P=CHCO Et

R

H

OO

H
CO Et

R

up to 99% ee

OH

ChemCatChem., 5, 2887 (2013).

R R

37 wt% in water



Direct catalytic enantioselective α-aminoxylation

H

O
OMe

NH2

H

O

Me

N
H 10 mol%

NMP, -20 oC

HN

Me

CHO

OMe

90%, 98% ee
anti : syn = 1 : >95

Angew. Chem., Int. Ed., 42, 3677 (2003).
Adv. Synth. Catal., 347, 1604 (2005).

Nature Protocols, 2, 113 (2007).

Three-Component Cross-Mannich reaction of aldehydes

Reaction catalyzed by proline

Tetrahedron Lett., 44, 8293 (2003).

H

O

PhN=O
N
H 30 mol%

CH3CN, -20 oC
slow addition

H

O
ONHPh

quant, 98% ee

Me Me

COOH

COOH

H
Ph

O
PhHNO

Ph
H

O
+ PhN=O

L-proline            24 h, <5%
Siloxy proline     2 h, 50%, 99% ee

Ph H

O

OMe

NH2

O

Ph

ONH

MeO

+ +

L-proline            20 h, <5%
Siloxy proline     20 h, 63%, 96% ee

N
H

TBSO
CO2H

Adv. Synth. Catal., 346, 1435 (2004).

α-aminoxylation

Mannich reaction

Reaction by siloxyproline catalyst

This catalyst is more
reactive than proline.

H

O
O

O O

CHO
N
H

NMP, 0 oC

J. Org. Chem., 72, 6493 (2007).

N
H

Reaction by proline-derived catalyst

CF3CO2
30 mol%

Ph

O

CHO Ph

O

CHO

S

N
H2

O

HN

acetone, 0 oC

CF3CO2 10 mol%

quant, 99% ee
cis : trans = 8.3 : 1

J. Am. Chem. Soc., 127, 16028 (2005).

Reaction by cystein-derived catalyst

O O

H

N
H 30 mol%

DMF, -20 oC

up to 99% ee

Adv. Synth. Catal. 356, 3106 (2014).

R2 R2

R1

Aldol reaction

N

R1

N

CO2Et
OH

COOH

AcO

H

AcO
up to anti : syn = >20 : 1

O

PhN=O
N
H 10 mol%

DMF, 0 oC
slow addition

O
ONHPh CuSO4•5H2O (cat)

MeOH, 0 oC

O
OH

79%, >99% ee 87%
Angew. Chem., Int. Ed., 43, 1112 (2004).

J. Org. Chem., 69, 1548 (2004).

COOH

OHO OH

R H

O
N
H 10 mol%

DMF, RT

COOH

Aldol / acetalization reaction

p-TsOH

MeOH
OR

MeO

OMe

OMe
up to 99% ee

Org. Lett. 10, 1445 (2008).

Cl3C OH

OH

Bn

O

H

N
H

OH
20 mol%

Ar Ar

toluene, RT

NaBH4

MeOH

Cl3C(=NH)OBn
cat. TfOH

Et2OCl3C

OH

Bn
OH Cl3C

OH

Bn
OBn

96% ee
syn/anti = 1 : >20

Nu-

Base
HO2C

Nu

Bn
OBn MeO2C

Nu

Bn
OBn

OH

OH

Bn

O

H

N
H

OH
10 mol%

Ar Ar

THF/H2O, RT

NaBH4

MeOH

OH

Bn
OH

Cl

Cl
Cl

Cl

Nu = F, N3, 4-Me-C6H4O
up to 96% ee

syn/anti = >20 : 1
ChemCatChem. 7, 1646 (2015)

1) TBDPSCl
    imidazole
2) MsCl
    TMEDA

OMs

Bn
OTBDPS

Cl

Cl
Bn

OTBDPS

H

Bn
OTBDPS

Cl

Cl

98% ee

98% ee

nBuLi

MeLi
99% ee

Adv. Synth. Catal. 358, 2345 (2016).

Aldol reaction by diarylprolinol as a catalyst

Reaction by prolinate salt catalyst

H
Bn

O
PhHNO

Bn
OH+ PhN=O

L-proline
proline K salt

α-aminoxylation

N
H 2 mol%

CO2K

MeCN, 0 °C

NaBH4

MeOH, 0 °C

23 h, 90%, 98% ee
4 h, 99%, 99% ee

Org. Lett. 19, 4155 (2017).

Ph3P=CHCO2Et

TMSCHN2

H
TIPS

O
OMe

NH2

+ H

O
+

NaBH4

TIPS

NH

OH

PMPN
H 10 mol%

CO2K

L-proline
proline K salt

20 h, syn:anti = 5:1, 92% ee
5 h, syn:anti = 9:1, 99% ee

Org. Lett. 20, 2391 (2018).

NMP, -20 °C

Mannich reaction



Organic solvent free reaction
·"in the water" or "in the presence of water" ?

in water in the presence
of water

"in water" : The participating reactions are dossplved homogeneously in water.

"in the presence of water" : The reaction proeeds in a concentrated organic phase 
with water present as a second phase that influences the reactoin in the former.

Angew. Chem. Int. Ed. 45, 8103 (2006).

·Intermolecular aldol reaction between aldehydes in the presence of water

N
H

O
CO2H

O
Hydrophilic part

Hydrophobic part
10 mol%

H

OCl

H

O Cl OH

OH
Me

+
water, 0 °C

NaBH4

MeOH

97%, 99% ee
anti/syn = 19 : 1

Angew. Chem. Int. Ed. 45, 5527 (2006).

O

OOH

H

O

·Organic solvent free asymmetrric aldol reaction between ketone and aldehyde

H2O

7.4 g (1 eq.) 13.7 g (2 eq.)

N
H

CO2H
TBDPSO

259 mg (1 mol%)

2.5 g silica gel

Filtration
(60 mL AcOEt)

3.8 mL (3 eq.)
2 days

Distillation 10 g (70%)
anti : syn = 10 : 1

>99% ee
Angew. Chem. Int. Ed. 45, 958 (2006).

Chem. Eur. J. 13, 10246 (2007).

·Organic solvent free asymmetrric Mannich reaction with proline catalyst

N
H

N
H

N
NNTBDPSO

MeO

MeO
H

O
OMe

NH2

O O
MeO

MeO

NH
PMP

10 mol%

water, 0 °C
93%, 95% ee

syn : anti = 4.6 : 1

+ +

Org. Lett. 10, 21 (2008).

O

+

OH

H

O

O2N

O

·Effect of water on aldol reaction with 20 proteinogenic amino acid

O2N

20 proteinogenic
aminoacid (30 mol%)

DMSO and aq. DMSO

positive water effect
<5-89%, 0-96% ee

anti : syn = 0.8-13 : 1

Gly, Ala, Val, Leu, Ile, Phe, Trp, Pro, Ser, Thr, Tyr, Cys, Met, His, Lys, Arg, Asp, Asn, Glu, Gln

Synlett 1565 (2006).

·Organic solvent free Dry and Wet condition asymetric aldol reaction with proline catalyst

aldehyde-aldehyde

R1 H

O
H

O

R2
R1 H

OOH

R2

N
H

CO2H

R1 H

O
R3

O

R2
R1 R3

OOH

R2

N
H

CO2H

+

+

(cat.)

neat

(cat.)

water (3 eq.)

aldehyde-ketone

anti : syn = up to 14 :1 
up to 95% ee

anti : syn = up to >20 :1 
up to >99% ee

Chem. Commun. 957 (2007).

Distillation

N
H

OCl

H

O

CO2H

Cl OH O

N
H

O

CO2H

Cl OH O

7.9 mL
(70 mmol)

9.3 mL
(105 mmol)

H2O (3.8 mL)

2.4 g
(30 mol%)

RT, 24 h

H2O
(40 mL)

water phase

organic phase

16.4 g (94%)
anti : syn = 1.4 : 1

96% ee

Organic solvent-free aldol reaction

·Self aldol reaction of propanal in water - reaction in water with proline-amide catalyst

H

O

H

OOHN
H

CONH2

(cat.)

water

high enantioselectivity

Chem. Commun. 2524 (2007).

Ph H

O

N
H2 OTMS

CF3 CF3

CF3

CF3
ClO4

5 mol%

(2.64 g, 20 mmol) (4.7 mL, 60 mmol)

water

10 mL

water

RT, 8 h

OHC

Ph

decantation then
distillation

exo : endo = 82 : 18
3.2 g, 81%

97% ee

Angew. Chem. Int. Ed. 47, 634 (2008).

·Organic solvent free asymmetric Diels-Alder reaction with proline derived catalyst



E

N

Ph
α β

β-Re-face

β-Si-face

N
Ph

Si-face

Re-face
N

Ph
α β

β-Re-face

β-Si-face
Nu-

Type A Type B Type C

NH
Ph

Ph

OR
R = SiMe3, SiPh2Me

Chem. Eur. J. 20, 17077 (2014).

The effect of silyl substituents of diphenylprolinol silyl ether

H

O

N
OTMS

Ph
Ph

NO2

Ph
N

N
Ph

Ph

OTMS
Ph

OO

NO2

N

Ph

Ph

OTMS
Ph

N

NO2

Ph

Ph

OTMS
Ph

H

O

NO2

Ph N
H OTMS

Ph
Ph

H2O

H2O
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The novel method of high pressure by water-freezing:
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Metal-free oxidative transformations using O2
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