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In the stannous triflate mediated aldol-type reactions of 3-(2-

benzyloxyacetyl)thiazolidine-2-thione, stereochemical course of the 

reactions is dramatically altered by the addition of tetramethyl-

ethylenediamine as a ligand. High asymmetric induction is also 

achieved by the addition of chiral diamine derived from L-prolin.

Recently, aldol reaction has attracted much attention as a useful method for 

the stereoselective synthesis of acyclic compounds. The stereochemical aspects of 

this reaction have been studied in detail, and it is widely accepted that in ki-

netically controlled aldol reactions, the stereostructure of an enolate determines 

the relative configuration of its aldol product.') Thus, Z-enolate gives syn 

(erythro) isomer, and E-enolate gives anti(threo) isomer. A versatile method for 
the stereoselective formation of Z-enolate is developed recently using, for 

example, dialkylboryl triflate, and stereoselective synthesis of syn isomer is 

already established. 2) However, it is rather difficult to produce anti isomer 

selectively, and use of the boron enolate of S-t-butylpropanethioate3) or use of 
the lithium enolate of 2,6-di-t-butyl-4-methylphenol ester 4) is developed recently 

for this purpose. 

Judging from the synthetic utility of the reaction, it is desirable that both 

stereoisomers could be stereoselectively produced from the same starting material 

with minimum change in the reaction conditions. 

In our continuous work on the stannous trifluoromethanesulfonate (stannous 

triflate) mediated aldol reaction, 5) we have found that the intermediate divalent 

tin enolate forms tight complex with diamine and highly enantioselective aldol 

reaction can be achieved in the presence of chiral diamine derived from L-prolin.6) 

In this communication, we wish to report a new and efficient synthetic con-

trol in both relative and absolute stereochemistry in the stannous triflate medi-

ated aldol-type reaction of 3-(2-benzyloxyacetyl)thiazolidine-2-thione.7) The 

control is achieved by coordination of diamine with divalent tin enolate; that is, 

controlling element of stereochemistry is not covalently bonded to the reactants. 

Thus, according to the previously mentioned procedure, stannous triflate was 

treated with 3-(2-benzyloxyacetyl)thiazolidine-2-thione in dichloromethane in the 

presence of N-ethylpiperidine as a base at-78 C, and -phenylpropanal was added 
to the reaction mixture. Work up of the reaction mixture afforded two
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stereoisomers in the ratio of 74:26 in 62% yield. The stereochemistry of the 

major product was assigned syn by the derivation described in Ref.8. 

We next examined the reaction in the presence of tetramethylethylenediamine 

(TMEDA). Thus, 1.2-equivalent of TMEDA was added to the solution of the enolate 

and then aldehyde was added. And in this case, the ratio of the two stereoisomers 

was reversed and anti isomer was obtained as a major isomer in the ratio of 85: 15

in 70% yield.

In order to clarify these stereoselectivities, various reaction conditions

were examined, and the results are summarized in the Table 1.

Table 1. Examination of the Reaction Conditions

 a) Fundamental reaction conditions are as follows; enolization,-78 C, 30 min, 
 addition of 1.2 equiv. of TMEDA,-78 C, 5 min later, reaction with aldehyde, 

-78 C, 1 h. 

These results indicate that product equilibration is rather slow in this re-

action (Entry 6), and it is assumed that the selection of stereochemistry is 

determined by the fact that coordination of TMEDA exchanges the coordinating 

pattern of divalent tin enolate (probably tetragonal to octahedral), which might 
cause the transformation of the favorable transition state (one possibility is 

the transformation of chair-type transition state to boat-type transition 

state). 9) Furthermore, when (S)-1-methyl-2-[(piperidin-l-yl)methyl]pyrrolidine 

was employed as a chiral ligand instead of TMEDA, high asymmetric induction was 

observed and the optical purity of the major anti isomer reaches up to 94%. 

Finally, we examined the reaction with various aldehydes, and the results 

are summarized in Table 2.
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a) Reaction conditions are as follows; enolization,-78 C, 30 min to 1 h, 
addition of diamine,-78 C, 5 min later, reaction with aldehyde,-78 C, 
1 to 12 h. 

b) (S)-1-Methyl-2-[(piperidin-l-yl)methyl]pyrrolidine (A) is employed.
c) The ratio is determined by separation of each isomer. 
d) The stereochemistry is determined by the method described 

in Reference 8). 
e) The stereochemistry is determined by the analogy of the NMR 

spectra (coupling constant of the a-proton of carbonyl 
group: syn isomer J=2-4 Hz, anti isomer J=6-9 Hz). 

f) That of anti isomer. Determined by the measurement of the 
 H NMR spectrum of the corresponding methyl esters) using

Eu(hfc)3 as a chiral shift reagent. The-OCH3 signal is completely 
separated.

Several features of this reaction are pointed out as follows: 

(1) Reversal of syn-anti stereoselection is observed with aliphatic aldehydes. 

But anti isomer is the major product in the cases of aromatic aldehydes either 

in the presence or in the absence of TMEDA. 

(2) High asymmetric induction (about 90% e.e.) is achieved with every aldehyde 

employed using (S)-1-methyl-2-[(piperidin-l-yl)methyl]pyrrolidine as a ligand.
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It should be noted that in the present aldol-type reaction of 3-(2-benzyloxy-

acetyl)thiazolidine-2-thione, both syn-anti stereocontrol and absolute stereo-

control could be achieved utilizing non-bonded interaction between stannous 

enolate and various diamines. Further investigation of the mechanistic aspects 

of this reaction and application to the enantioselective syntheses of natural 

products are now in progress in this laboratory.
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8) The stereochemistries of the aldFproducts are determined as follows:

In the case of the aldol-type product of -phenylpropanal, the coupling 
constant between Ha and Hb is not clear from 90MHz NMR spectrum, and the 
stereochemistry is determined by comparison with the authentic sample prepared 
from the aldol-type product of cinnamaldehyde (in this case, the stereo-
chemistry is clearly assigned).

9) No (E)-(Z) equilibration of the enolate is observed, because the same single 
enol ester is obtained when the enolate is trapped by acyl chloride either in 
the presence or in the absence of TMEDA. 
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