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Organic solvent free reactionOrganic solvent free reaction

MeO

OMe
H

O
+

OMe

NH2

O

MeO

OMe

NH
PMP

ON
H

TBDPSO

N
H

N
NN

+

10 mol%

water, 0 oC

93%, 95% ee
syn : anti =4.6 : 1

H

O

O2N

+

O OH O20 proteinogenic
amino acid (30 mol%)

DMSO and aq DMSO

<5-89%, 0-96% ee
anti : syn = 0.8-13 : 1

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

positive water effect

�Organic solvent free asymmetric aldol reaction between ketone and aldehyde

�Intermolecular aldol reaction between aldehydes in the presence of water 

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

�Organic solvent free Dry and Wet condition asymmetric aldol reaction with proline catalyst

�Organic solvent free asymmetric Mannich reaction with proline catalyst

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

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

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

OH

14.6 g (94%)
anti / syn = 1.4 / 1
98% ee

H2O (3.8 mL)

RT, 72 h

H2O (40 mL)water phase

organic phase

O

2.4 g 
(30 mol%)

7.9 mL 
(70 mmol)

9.3 mL 
(105 mmol)

N
H

CO2H

H

OCl

Cl O

Distillation

N
H

CO2H

OHCl O

O

Organic solvent-free aldol reaction

Cl

H

O

+
O

H

N
H

CO2H
O

O

Cl

OH
Me

OH
NaBH4

MeOHwater, 0 oC

Hydrophobic parrt

Hydrophiic part

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

10 mol%

O

H

N
H

CONH2

OH

H

O

Water

(cat .)

high enantioselectivity

Chem. Commun., 2524 (2007).

RT, 24 h

N

Ph
CHO

OHC

Ph

TMSO

CF3

CF3

CF3

F3C

H2

ClO4 water

decantation then
distillationwater

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

10 mL

5 mol% exo:endo 82:18

97% ee
3.2 g, 81%

RT, 8 h

R1 H

O
+

R2

O

H R1

OH

H

O

R2

N
H

CO2H

(cat.)

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

R1 H

O
+

R2

O

R3 R1

OH

R3

O

R2

N
H

CO2H

(cat.)

water (3 eq.)

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

Chem. Commun., 957 (2007).

�aldehyde-aldehyde

�aldehyde-ketone

H2O

Distillation

N
H

CO2H

TBDPSO

10 g (70%)
anti:syn=10:1
>99%ee

O

H

O

OH O

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

259 mg (1 mol%)

2.5 g silica gel

Filtration
(60 ml AcOEt)

3.8 mL (3 equiv.)
2 days

�”in the water” or “in the presence of water” ?  

“in water” : The participating  reactants are dissolved homogeneously in water. 

“in the presence of water” : The reaction proceeds in a concentrated organic 
phase with water present as a second phase that influences the reaction in 
the former.

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

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

Angew. Chem., Int. Ed., 45, 958 (2006).
Chem. Eur. J., 13, 10246 (2007).

Org. Lett., 10, 21 (2008).

Synlett., 1565 (2006).



OMe

NH2

O ONH

MeO

++

MeO

H

O

MeO

N
H

CO2H

cat.

1 atm, RT 0%, -% ee
2000 atm, -20 oC 99%, 96% ee

J. Am. Chem. Soc., 125, 11208 (2003).

Research about of Research about of chiralitychirality

Amplification of ee from initial low ee The key to find out origin of chirality

Angew. Chem., Int. Ed., 45, 4593 (2006). 

1) 24 h��, ���

10% ee��	

L-Proline��

99% ee (L)��
2)�� N

H

CO2H

N
H

CO2H

CHCl3
N
H

CO2H

Application of High Pressure Application of High Pressure lnducedlnduced by Waterby Water--Freezing to Freezing to 
the direct catalytic asymmetric reactionthe direct catalytic asymmetric reaction

The novel method of high pressure  by water-freezing: 

The high pressure (cat. 200 MaPa) is easilly is essily achieved 

simply by freesing water (-20 �) in a sealed autoclave.

�Mannich reaction

�Aldol reaction
Tetrahedron Lett., 45, 4353 (2004).

�Michael reaction
Chem. Lett., 2002, 296.

�Baylis-Hillman reaction
Tetrahedron Lett., 43, 8683 (2004).

99% ee(L) solution

1)stirred for 24
0 oC

2)filtration

1 atm, RT                  0%, -% ee
200 atm, -20oC         99%, 96% ee

prepared 10% ee
(L-Proline excess)

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

N
OTMS

Ph
Ph

Ph
NO2

(E)-enamine

H

O NO2

Ph

N
H OTMS

Ph
Ph

toluene

H

O

NO2

Ph

Helv . Chim. Acta, 94 , 719 (2011).
Helv . Chim. Acta, 96 , 779, (2013).

Proposed Mechanism of Michael ReactionProposed Mechanism of Michael Reaction


