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 In the presence of chiral diamine, (2S)-1-methyl-2-[(N-1-

naphthylamino)methyl]pyrrolidine, the tin(II) enolate of 3-acetyl-

 thiazolidine-2-thione reacts with various a-ketoesters to afford 

the corresponding aldol-type products, generally, in greater than 

 95o enantiomeric excess. 

Several 2-alkylmalic acids have been isolated from a variety of natural 

sources or are known to be produced by microorganisms. Of more interest, however, 

is their common incorporation as carboxylic acid component in a majority of 

pyrrolizidine alkaloids that exhibit biological activity. Recently intense efforts 

have been spent in the synthesis of the pyrrolizidine base moiety of these 

alkaloids. 1) Bearing in mind the fundamental importance of the carboxylic acid 

residue of such alkaloids, we undertook an investigation of an efficient asymmetric 

synthesis of such moieties, 2-substituted malates. 

Although dramatic progress has been made in the area of asymmetric aldol 

reactions, only those reactions of achiral enolates with chiral aldehyde or of 

achiral aldehyde (or ketone) with chiral enolates have met with success. 2) Studies 

directed toward the effect on aldol stereochemistry of chiral auxiliaries that are 

not covaZentZy bonded to one of the reactants 3) have led to modest asymmetric 

induction, in general. On the other hand, recent efforts within our laboratory on 

such chiral auxiliary-induced asymmetric aldol reactions 4) have led to potentially 

promising results. Namely, in the presence of chiral diamine, tin(II) enolates 
when treated with aldehyde afford aldols with high asymmetric induction. Based on 

these findings we undertook a study of such a chiral auxiliary-induced aldol reac-

tion as a convenient method for the preparation of optically active 2-substituted 

malates. 

Concerning aldol-type asymmetric syntheses of 2-substituted malates, only 

poor asymmetric induction has been realized. 5) For example, Solladie et al. 5a) 
have reported that chiral a-sulfinyl ester enolates condense with ethyl pyruvate 

to afford optically active aldol in albeit 8.5% enantiomeric excess. Brandange 

and coworkers 5b) have demonstrated that a combination of chiral ester and optically 

active amine base gives desired aldol in up to 45% enantiomeric excess at best. 

We thus examined the tin(II) enolate chiral auxiliary-induced asymmetric
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aldol-type reaction of 3-acetylthiazolidine-2-thione with various a-ketomethyl 

esters as a simple and efficient route to optically active 2-substituted malate 

equivalents. In the first place, the tin(II) enolate of 3-acetylthiazolidine-2-

thione was treated with methyl pyruvate in the presence of the chiral diamine, 

(2S)-1-methyl-2-[(piperidin-1-yl)methyl]pyrrolidine, at-78C. Work-up of the 

reaction mixture afforded the aldol-type adduct (1) with poor enantioselection 

(entry 1). Subsequent examination of a variety of chiral diamines revealed that 

incorporation of aromatic moiety into chiral auxiliary led to enhanced enantio-

selection. And, as can be seen from the results summarized in Table 1, when the 

chiral diamine (2S)-1-methyl-2-[(N-1-naphthylamino)methyl]pyrrolidine6) (entry 6) 

was employed the desired citramalate precursor (1) was obtained in 85% enantiomeric 

excess. Although not clear at this stage, efficient coordination of bidentate 

chiral auxiliary (diamine) to the tin(II) metal center (possessing vacant d orbit-

als) is thought to be crucial for enhanced enantioselection in this reaction.

Table 1. Effect of Chiral Diamine

 a) Determined by 1H NMR measurement of the corresponding dimethyl ester 
using chiral shift reagent, Eu(hfc)3. The absolute configuration was 
also determined to be R. 

Next, examination of this chiral auxiliary-induced asymmetric aldol-type reac-

tion with a variety of a-ketomethyl esters revealed that, in general, greater than 

95% enantiomeric excess is achievable. Results are summarized in Table 2. 

A typical reaction procedure is as follows; to a suspension of stannous 

trifluoromethanesulfonate (331mg, 0.79mmol) and N-ethylpiperidine (100mg, 

0.88mmol) in 1ml of dichloromethane cooled to-78C was added dropwise 3-acetyl-

thiazolidine-2-thione (105mg, 0.65mmol) in 1ml of dichloromethane under an argon 

atmosphere. After the reaction mixture had been stirred for 30min, (2S)-l-methyl-

2-[(N-1-naphthylamino)methyl]pyrrolidine (193mg, 0.80mmol) in 1ml of dichloro-
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Table 2. Enantioselective Aldol-type Reaction with Various a-Ketoesters

 a) Determined by 1H NMR measurement of the corresponding dimethyl 
ester using chiral shift reagent, Eu(hfc)3. The methoxy peak of 
methyl ester adjacent to tertiary carbon center cleanly separated 
in all cases for racemic forms. 

 b) No separation of methoxy peak could be detected at all by 1H 
NMR analysis. Absolute configuration was assigned R based on 
determine sign of optical rotation and correlation with literature 
findings. ) The stereochemical course of this reaction is thought 
to be the same in all examples. 

methane was added dropwise, the mixture stirred for 10 min, and then methyl 

pyruvate (97mg, 0.95mmol) in 0.5ml of dichloromethane added dropwise at this 

temperature. The reaction mixture was stirred for 2 h and then worked-up in the 

usual manner. The crude reaction product was purified by silica gel column 

chromatography to afford corresponding aldol product in 74% yield. Subsequent 

methanolysis (1.2 equiv. K2CO3, MeOH, 0C) and distillation of crude reaction 

mixture gave R-(-)-dimethyl citramalate7) (60% yield) in 85% enantiomeric excess 

as determined by chiral shift reagent, Eu(hfc)3.8) 

Thus, in the presence of chiral diamine, which is considered to coordinate 

efficiently to the tin(H) metal center of stannous enolate, a convenient and 

highly enantioselective synthesis of 2-substituted malates was realized. 
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