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Abstract: Novel one-pot Mannich-type reaction between aldehydes, amines and silyl enol ethers is 

catalyzed by indium trichloride in water to give [~-amino ketones and esters in moderate to good yields. 
© 1997 Elsevier Science Ltd. All rights reserved. 

Organic reactions in water or aqueous media have always attracted great interest. 1 Recently, we have 

reported indium trichloride as an excellent catalyst in Mukaiyama aldol reactions, 2 Diels-Alder reactions, 3 

Michael reactions 4 and the synthesis of ct or l - t r i f luoromethylated alcohols 5 neat and/or in water. Indium 

trichloride is stable in water, which can be recovered and reused on completion of these reactions. As it has 

unique properties compared to other Lewis acids, the application of this Lewis acid for other C-C bond 

formation reaction in water will be of great interest. In the course of our investigations, we have found that 

indium trichloride is also an efficient catalyst for the reaction of silyl enol ethers with imines in water. 

As Aldol-Mannich type reaction is among the most fundamental and useful methods for the synthesis of 

~-amino ketones and esters, yields are however  sometimes low due to severe side reactions such as 

deamination. Some new modifications have been developed in these two decades 6 which include Lewis acid- 

catalyzed 7 reactions of imines with silyl enol ethers to prepare t -amino esters and ketones. However, many 

imines are hygroscopic, unstable at high temperature, and difficult to purify by distillation or column 

chromatography. So it is desirable from a synthetic point of view that imines, generated from aldehydes and 

amines, immediately react with silyl enolates and provide [3-amino ketones and esters preferably in a one-pot 

reaction. Unfortunately, most Lewis acids are not stable in this reaction as they decompose or deactivate in the 

presence of the water resulting from imine formation as well as from the direct attack by free amme present. In 

this article, we will describe an efficient one-pot method for the preparation l -amino  esters and ketones from 

aldehydes using InC13 as catalyst in water (Scheme 1 and 2). 

A general scheme for preparing [3-amino esters in water is shown in Scheme 1. In the same vessel, a 

catalytic amount of indium trichloride (20 tool%), an aldehyde, an amine and the ester derived silyl enol ether ( l- 

methoxy-2-methyl-l-trimethylsiloxypropene) were simply mixed in water in that order. The corresponding [3- 

amino esters were formed in moderate to good yields (Table 1 ). 
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Table 1. Synthesis of 13-Amino Esters in Water: Using l-Methoxy-2-methyl-l-trimethylsiloxypropene 

Entr~ Aldehyde Amine Yield % a 

1 HCHO PhNH2 30, 8 b 

2 PhCHO PhNH2 54 

3 2-PyCHO PhNH2 92 

4 HCHO 4-CIPhNH2 21 

5 PhCHO 4-CIPhNH2 23 

6 2-PyCHO 4-CIPhNH2 90 

7 HCHO 4-CH3OPhNH2 35, 17 c 

8 PhCHO 4-CH3OPhNH2 30 

9 2-PyCHO 4-CH3OPhNH2 90 

a. Isolated yield, b.Yield of PhN(CH2C(CH3)2CO2CH3) 2 . c. Yield of 4-CH3OPhN(CH2C(CH3)2CO2CH3) 2 

RICHo + R2NH2 + 

R 2 
lnCl3 ~ "NH O 

Ph " ~  OTMS H20 R 1 , ~ , , ,  p h 

Scheme 2 

Application of this method to the ketone derived silyl enol ether (1-phenyl-1-trimethylsiloxyethlene) also 

afforded [3-amino ketones (Scheme 2) in moderate to good yields (Table 2). 

Table 2. Synthesis of 13-Amino Ketones in Water: Using l-Phenyl-l-trimethylsiloxyethlene 

Entr~ Aldeh~,de Amine Yield % a 

1 HCHO PhNH2 91 (88) b 

2 PhCHO PhNH2 75 (74) b 

3 2-PyCHO PhNH2 94 

4 HCHO 4-C1PhNH2 85 

5 PhCHO 4-C1PhNH2 60 

6 2-PyCHO 4-C1PhNH2 91 

7 HCHO 4-CH3OPhNH2 86 

8 PhCHO 4-CH3OPhNH2 40 

9 2-P~CHO 4-CH3OPhNH2 90 

a. Isolated yield, b. Yield (in parenthesis) obtained from using recovered InCI 3. 

Furthermore, glyoxylic acid monohydrate can also be used directly to give the a-amino acids in 

moderate yields (Scheme 3 and 4). These results show a convenient method for the preparation of a-amino 

acids. 

HOOCCHO'H20 + 4-CIPhNH 2 + O X  

H3C OTMS 

Scheme 3 

4-CIPh~ 

Yield 31% 
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HOOCCHO. H20+ 4-CIPhNH 2 + 

4-ClPh~ 
/ ~  InCl3 NH O 

Ph OTMS H20 H O O C 1 ~ p h  

Yield 63% 
Scheme 4 

The experimental procedure is very simple. In the presence of indium trichloride (20 mol%), an aldehyde 

was treated with an amine in water and then with a silyl enoi ether in the same vessel. 8 It should be noted that in 

all cases dehydration accompanied by imine formation and successive addition of silyl enol ethers proceeded 

smoothly in water in the presence of indium trichloride. This water tolerant Lewis acid is essential and key to the 

success of this reaction as its absence only gave starting materials. This catalyst can be recovered and reused 

after completion of reactions without any decrease in yields. Under this reaction condition, commercially 

available formaldehyde solution and glyoxylic acid monohydrate can be used directly to give the corresponding 

~-amino ketones/esters and acids. In the classical Mannich reaction, deamination of Mannich bases to produce 

t~,13-unsaturated derivatives resulted in undesirable side reactions. However, no deamination was observed 

under this reported condition. Furthermore, selective addition to the imines occur over the aldehydes as no 

reaction between aldehydes and the silyl enol ethers was observed. 

In summary, this synthesis of 13-amino ketones and esters from aldehydes have been achieved in water 

by using indium trichloride. 9 The high efficiency using simple starting materials and a catalytic amount of a 

reusable catalyst in water is especially noteworthy. Further studies to apply this reaction to the synthesis of 

natural products as well as to develop new synthetic reactions using indium trichloride in conjunction with a 

water soluble ligand as a chiral catalyst are now in progress. 

We acknowledge the financial support for this project from the National University of Singapore (Grant 

RP 940633, RP 950609, RP 970615 and RP 970616). 

References and Notes: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

a) Lubineau, A.; Ange, J.; Queneau, Y, Synthesis, 1994, 741-760; b) Li, C.-J. Chem. Rev., 1993, 
93, 2023-2035. 

a) Loh,T.-P.; Pei, J.; Cao, G.-Q. J. Chem. Soc., Chem. Commun., 1996, 1819-1820; b) Loh, T.-P. 
Pei, J.; Koh, S.-V.; Cao, G.-Q.; Li, X.-R. Tetrahedron Lett., 1997, 38, 3465-3466; c) Loh, T.-P.; 
Pei, J.; Koh, S.-V.; Cao, G.-Q.; Li, X.-R. Tetrahedron Lett., 1997, 38, 3993-3994. 

Loh, T.-P.; Pei, J.; Lin, M. J. Chem. Soc., Chem. Commun., 1996, 2315-2316. 

a) Loh, T.-P.; Wei, L.-L. Indium Trichloride Catalyzed Conjugate Addition of Amines to o~, ~- 
Unsaturated Ethylenic Compounds in water, submitted; b) Loh, T.-P.; Wei, L.-L. Indium Trichloride 
Catalyzed Michael Reaction of Silyl Enol Ether under Neat Condition, submitted. 

a) Loh,T.-P.; Li, X.-R. J. Chem. Soc., Chem. Commun., 1996, 1929-1930; b) Loh,T.-P.; Li, X.-R. 
Angew. Chem. Int. Ed. Engl., 1997, 36, 980-982. 

Kleinman, E. F. in Comprehensive Organic Synthesis; Trost, B. M. Eds;Pergamon: Oxford, 1991; 
vol.2, pp. 893. 

a) Ojima, I.; Inaba, S; Yoshida, K. Tetrahedron Lett., 1977, 3643-3646; b) Ojima, I.; Inaba, S. 
Tetrahedron Lett., 19811, 21, 2077; c) Guanti, G.; Narisano, E.; Banff, L. Tetrahedron Lett., 1987, 



326 

8. 

9. 

28, 4331-4334; d) Mukaiyama, T.; Kashiwagi, K.; Matsui, S.; Chem. Lett., 1989, 1397-1400; e) 
Mukaiyama, T.; Akamatsu, H.; Han, J. S. Chem. Lett., 1990, 889-892; f) Onaka, M.; Ohno, R.; 
Yanagiya, N.; Izumi, Y. Synlett., 1993, 141-142; g) Ishihara, K.; Funahashi, M.; Hanaki, N.; Miyata 
M.; Yamamoto, H. Synlett, 1994, 963-964; h) Cozzi, P. G.; Simone, B. D.; Umani-Ronchi, A. 
Tetrahedron Lett., 1996, 37, 1691-1694. 

A typical reaction procedure is as follows: The solution of 38% formaldehyde solution (0.5 mmol, 
371~L), aniline (0.5 mmol, 46 pL) in the presence of indium trichloride (22.1 mg, 0.1 mmol, 20 mol%) 
in water (5 mL) was stirred for half an hour and then l-phenyl-1-trimethylsiloxyethylene (192.3 mg, 1 
mmol) was added. The resulting mixture was stirred at room temperature for 24 h. The product was 
extracted with ethyl acetate three times and the organic layers were combined and dried with anhydrous 
magnesium sulphate. The solvent was evaporated and the crude product was purified by silica gel 
colummn chromatography to afford the 13-amino ketone in 91% yield (102.5 mg). 

These results are limited to non-enolizable imines. We have also investigated the alphatic enolizable 
imines derived from alkyl aldehydes (such as valeraldehyde) and found the yields were poor. 


