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HIGHLY STEREOSELECTIVE REDUCTIONS OF a-ALKOXY-B-KETO ESTERS. ASPECTS OF THE MECHANISM OF SODIUM 

BQRQHYDRIDE REDUCTION OF KETONES IN 2-FRQFANQLl 
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Reduction of a-alkoxy-!3-keto esters with sodium borohydride in 2-propanol proceeds with high 
stereoselectivity via a five-membered ring chelated sodium ion. 

The principal methods for stereo-controlled synthesis of a,$-dihydroxy carboxylic acids and 

esters are hydroxylation of a,&unsaturated acids or esters and hydrolysis of glycidic esters. 
3 

Aldol synthesis using enolate ions _I_ derived from a-alkoxy or hydroxy carboxylic acids or esters 

with unsymmetrical carbonyl compounds (R3#R4), illustrated below, has been reported 495 to give 

ROCR1=C(OLi)OR2 + R3R4C=0 + R3R4C(QH)CR1(OR)C02R2 

1 = 1 

mixtures of diastereomeric a,B-dihydroxy or a-alkoxy-B-hydroxy carboxylic acids or esters 2. For - 

example, t-butyl 0-alkylglycolate forms the corresponding enolate 1, R1=H, R2=t-Bu on treatment - - 

with LDA in THF and on reaction with aldehydes gives mixtures of erythro and threo diastereomers 

of t_butyi a-alkoxy-8-hydroxy carboxylates 2, R1=R3=H, RZ=t-Bu with almost no or modest stereo- - 

selectivity depending on substituents. 
5 

This paper presents a new, highly stereoselective method for preparing a-aikoxy-B-hydroxy 

carboxylate esters 2, R1=R3=H by reduction of t-butyl a-alkoxy-8-keto carboxylates 3 with sodium _ 

borohydride in 2-propanol. This procedure is of additonal interest because it extends the appli- 

cation of the cyclic model postulated by Cram and coworkers 6 and it suggests a crucial role for 

the sodium cation in sodium borohydride reductions in 2-propanol. 

The t-butyl a-alkoxy-8-keto carboxylates listed in the Table were prepared by Collins' oxi- - 

dation7'8 of the corresponding t-butyl a-alkoxy-8-hydroxy carboxylates or in the case of g and - 

&by acylation of the enolate of the appropriate t-butyl Q-alkylglycolate with benzoyl chloride. - 

The isolated yields in the reductions with sodium borohydride in 2-propanol and the ratio of dia- 

stereomerlc products are given in the Table. Care had to be taken to add the requisite amount of 
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sodium borohydride because excess xeagent resulted in overreduct~~~, i.e. reduction of the ester 

moiety. 
9 

The st~r~ocbem~stry of the diastereomers was assigned as indicated for the previous study on 

the aXdo reaction. 
5 

Furthermore, it is assumed that the same model accounts for the major dia- 

stereemer produced in the sodium borohydride reduction of all of the t-butyl a-alkoxy-8-keto car- - 

boxylates studied. 

Jn addition to the reductions reported in the Tahfe 

lithium borohydride. Only a single diastereomeric trio1 

Since this trial was the same as that formed with excess 

erythro configuration. 

keto ester &X was reduced with excess 

was produced as detected by ‘H NMR. 

sodium borohydride it was assigned the 

To gain more insight into the mechanism for these reductions the following experiment was 

performed. A solution of sodium borohydride and IS-crown-5 in 2-propanol was stirred for 6 h and 

then allowed to react with keto ester 2. The diastereomeric ratio of the product a-alkoxy-b- 

hydroxy ester was 1:I in contrast to the 9:i ratio obtained in the absence of 1%crown-S. This 

evidence clearly requires a crucial role for the sodium ion in the stereochemical course of this 

ftductfon. it is clear that sodium ion is not required for reduction, i.o, reduction - 

occurs even in the presence of 15-crown-S. An attractive explanation for the stereochemical 

r@~ultP 1s that reduction of t-kutyl a-alkoxy-B-keto ~~~bo~yla~~a 3 proceeds via a chelate in - - 

which the sodium ion is coordinated by the carbonyl oxygen atom and the oxygen atom of the a-alkoxy 

group. lx Delivery of hyJsdJe from the less hindered direction generates the erythro diastereomsr -.~ 

as shown. ‘* This is in contrast to the 

Ma+ 
$5 

0 
f \ 

OR 

& 

w- 

t-Bu02. R .- 
similar to the suggestion of Handel and 

dinyl ketones. Wigfield and Gowland 
12b 

chelation by boron suggested by Yamada and Koga I3 but 

Pierre14 for the sodium borohydride reduction of a-aziri- 

noted that l’. . , there is, as far as we are aware, no evi- 

dence for a role for Na+ in NaBH+ reductions in Z-propanol.” However, on the basis of the evidence 

pressntcd in this paper and the work of Han&f and Pierre, 
14 - 1% is clear that sodium ions play an 

important role in controlling the stereochemistry in the reduction of these a-heteroatom substi- 

tuted ketones by sodium borohydride in 2-propannl although they are not required fur reduction. 
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TABLE. Reduction of t-Butyl o-Alkoxy B-Keto Carboxylates 3, RLCCZH(OR)C02~-Bu with Sodium - 

Bosohydride in Z-Propannl 

Compound R1 R Yielda Ratiob 
% 

Ph 

Ph 

Me 

Me 

“-C&3 

n-"6H13 

i-Pr _ 

i-Pr - 

t-Bu _ 

Me 

t-Bu _ 

Me 

t-&i _ 

Me 

t-&l - 

Me 

b-Bu - 

Me 

93 2O:l 

85 IOIl 

42' 7:l 

h6o 5:3 

89 7:l 

84 10:4.5 

68 10:1.5 

80 2:1 

84 5:l 

=Yield of isolated, distilled products 

b 
Diastereomer (gthro: threo) product ratio ___ ~____ 

'Modest yield apparently due to relatively high water solubility of product 
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