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Summary: A variety of a-oxygenated esters, such as a-acetoxy-, u-methoxy-, a-OTHP, and a-hydroxy 
esters were easily reduced at room temperature to give the corresponding saturated esters in good to 
excellent yields with the aid of an efficient electron transfer system, Sm12-THF-HMPA. The method 
was successfully applied to the direct conversion of (R,R)-tartrates to (RI-malates. 

Although a number of reducing agents are available for the reductive elimination of u-oxygen 

functionalities of ketones, 21 the reduction of a-oxygenated esters to the corresponding saturated 

esters is not an easy task. 3l In this communication, we report the first general method for such 

transformations by using an efficient electron transfer system, Sm12-THF-HMPA.ly4) (eq. 1) 

R’ OX 

X 
R2 C02R3 

2Sm12-THF-HMPA R’ H 

l X (1) 
proton source, rt R2 C02R3 

X = AC, Me, THP, H 

The reactions were carried out at room temperature by using 2.5-3.0 molar equivalents of 

SmI2-THF solution5J in the presence of HMPA61 and appropriate proton sources. As shown in 

Tabel 1, a-acetoxy esters were cleanly deacetoxylated within a few minutes. The reduction of 

cl-methoxy derivatives also proceeded smoothly to give the saturated esters in good yields 

regardless of the substitution pattern of methoxyl groups. 

Interestingly, when a diastereomeric mixture (ca. 1:2) of o-OTHP esters was subjected to the 

above conditions, the reaction rate was rapidly decreased during l-2 h and after 6 h the reduction 

product was obtained in 57% yield together with the recovered THP ether (40%) which was found to 

be a single isomer by ‘H NMR analysis. The fact that samarium diiodide did differentiate the two 

stereoisomers seems to indicate that the activation of ester carbonyl by proper coordination of 

substrates to samarium is very important for the smooth electron transfer. 71 The reduction of 

sterically crowded 0-t-butyldimethylsilyl ethers proceeded only very slowly 81 -- and simple esters did 

not undergo reduction with Sm12 under the present conditions. 

The direct dehydroxylation of a-hydroxy esters was also carried out. In this case, however, 

the reaction conditions used for the reduction of acetoxy or methoxy esters were not effective, 9) 

and it was found that the use of much acidic proton source such as carboxylic acids was preferable. 

Thus, pivalic acid was used with the devised addition procedure (see footnote a in Table 2) to 

minimumize the consumption of Sm12 by the acid. (Table 2) 
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Table 1. Deoxygenation of a-Acetoxy and a-Methoxy Esters at Room Temperature a) 

Run a-Oxygenated 
ester 

Proton 
source 

Reaction 
time 

Rroduct 

SAC 

CH3(CH2)4CHC02Me 

SAC 

PhCHCO2Me 

ZXZE, 2 

MeOH 

MeOH 

EtOH 

< 5 min 

1 min 

c 5 min 

MeOCH2C02C8HI 7 

PMe 
CH3(CH2)3CHC02Me 

YMe 

PhCHC02Me 

Ph 

X 
OMe 

Me C02Me 

‘SH 1 70H 3h 

MeOH 12 h 

MeOH 3h 

MeOH 12 h 

CH3(CH2)5C02Me X 95c) 

PhCH2C02Me 96 

Me\ 
Me/ 

CHC02 Et z 95=) 

CH3C02C8H 17 73 

85’) 

PhCH2C02Me 89 

Ph 
.CHC02Me 

Me’ 
95 

a) A Sm12-THF solution (0.1 mol dms3, 5-6 ml) was added to a mixture of a-oxygenated esters 
(0.2 mmol), proton sources (0.24 mmol), and HMPA (0.3 ml) at 20-22OC under nitrogen. b) 
Isolated yield unless otherwise stated. c) GLC yield. 

Table 2. Dehydroxylation of a-Hydroxy Esters a) 

R1 OH 

R2 
X 

C02R3 

Sm12-THF-HMPA 

pivalic acid, rt 

(dropwise addition) 

Rl 
* ‘CHC02R3 

R2’ 

QH 
CH3(CH2)3CHC02Et 

QH 
PhCHC02Me 

Me OH 

Me X C02Et 
PH 

Et02CCH2CHC02Et 

(89%)b (75%)C) (73%)b) (71%)C) 

a) A solution of pivalic acid (0.5 mmol) in THF (3 ml) was added dropwise to a mixture of 

hydroxy esters (0.2 mmoll, HMPA (0.3 ml), and a SmI2-THF solution (0.1 mol dme3, 6 ml) over 
l-2 h at 20-22*C and the mixture was stirred for additional l-2 h under nitrogen. b) GLC 
yield. c) Isolated yield 
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The present dehydroxylation conditions were applied to the direct conversion of (R,R)- 

tartrates (1) (natural) to (R)-malates (2) (unnatural).lo) However, the yield of 2 was low and a 

substantial amount of succinate was isolated (15%) as the result of overreduction, indicating that 

the substrate is fairly susceptible to this reduction conditions probably because of the a-diol 

structure. (Entry 1 in Table 3) Therefore, other additives and/or proton sources were examined 

precisely, some of the examples being shown in Table 3. 

Thus, ethylene glycol was found to give the best result which seems to be ascribable to the 

suitable acidity and the strong coordinating ability of ethylene glycol to samarium ion, and under 

the conditions, optically pure (R)-diisopropyl malate 11,lZ) and (R)-diethyl malate 12) were obtained 

almost quantitativelyL3) and in 72% yield,14) respectively. 

Table 3. One-Step Conversion of (R,R)-Tartrates (I) to (R)-Malates (2)a) 

OH OH 

R02C CO2R 
SmI2-THF 

l 
additive, rt 

R02C C02R 

OH 

1 2 

Entry Tartrate Additive Reaction Time Yield(%)b) 

i-Pr - 

k,Pr 

i-Pr 

i-Pr - 

i-Pr - 

Et 

HMPA, pivalic acid 3 min 32 

&PrOH 24 h 51 

HOCH2CH20H lh 99c) 

HOCH2CCH20Me 12 h 9 

HOCH(Me)CH(Me)OH 10 min 60 

HOCH2CH20H 20 min 72’) 

a) The reactions were carried out at 0.6 mmol scale. For a typical experiment, see ref. Il. 
b) Determined by ‘H NMR (400 MHz) analysis unless otherwise stated. 
c) Isolated yield. 
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