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SYNTHETIC COMMUNICATIONS, 28(5), 843-847 (1998) 

SYNTHESIS OF UNNATURAL (R)-MALATES FROM 
L-TARTRATES 

Ho-Sik Rho 

Pharmaceutical & Health Science Research Institute, Pacific Corporation, 
Yongin-Si, Kyounggi-do 449-900, Korea. 

Abstract: The cyclic thionocarbonates of L-tartrates were cleanly converted to 
(R)-malates by treating with magnesium iodide or magnesium and iodine. 

Optically pure malic acid and its derivatives are useful chiral synthons in 

the synthesis of natural products.' While the natural L-malic acid is readily available, 

the unnatural (R)-isomer is more difficult to obtain. Several synthetic methods for 

their preparation have been developed which include reduction of cyclic sulfates? 

ring opening of cyclic sulfites' or cyclic carbonates4 and subsequent reduction of 

the resulting iodohydrins, free radical deoxygenation of cyclic thionocarbonate~.~ 

In the literature, the cyclic thionocarbonates are easily converted to thiolcarbonates 

by treating with tetrabutylammonium bromide.6 Here we wish to report a convenient 

one-step procedure for the synthesis of (R)-malates based on the ring opening of 

the cyclic thionocarbonates of L-tartrates by using magnesium iodide or magnesium 

and iodine (Scheme 1). 
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844 RHO 

p 
.C02R MgI2, CH3CN, reflux &C02R 

RO2C 
or Mg/I2, CH3CN, reflux 

l a R = M e  
l b R = E t  
lc R = iPr 

2 a R = M e  
2b R = Et 
2c R = iPr 

Scheme 1 

Table 1. Ring opening of the cyclic thionocarbonates of L-tartrates 

Entry Substrate Conditiona Time (min) Productb Yield(%Ic 

by using MgI, or MglI, in acetonitrile. 

la  A 30 2a 60 

l b  A 20 2b 85 

l b  B 35 2b 78 

l c  A 30 2c 89 

Ic B 40 2c 80 

a A : Mg12 (2 equiv.), CH,CN, reflux ; B: Mg (2 equiv.), I, (2 equiv.), 

CH&N, reflux %he specific rotations [a]D25 values ; 2a: +8.9 (c, 0.12, 

EtOH), lit.5 +9.5 (c, 2.20, EtOH); 2b: +9.4 (c, 0.14, EtOH), lit.4 +9.7 

(c, 1.25, EtOH); 2c: +11.2 (c, 0.18, EtOH), lit.3 +11.6 (c, 2.56, EtOH). 

T h e  yields are isolated ones. 

The results are summarized in Table I. L-Tartrates were transformed to the 

corresponding cyclic thionocarbonates by reaction with thiophosgene. The cyclic 

thionocarbonate l a  was reacted with magnesium iodide (2 equiv.) in refluxing 

acetonitrile for 30 min to afford an unnatural dimethyl (R)-malate (2a)5, [a]D25 
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(R)-MALATES 845 

+8.9 (c, 0.12, EtOH) in 60% yield (Method A, entry 1, in Table 1). None of iodo 

malate or thiolcarbonate was detected in the crude product. It is presumed that the 

initial ring opening product is iodo malate, which is subsequently converted to 

enolate by nucleophilic displacement of iodide ion. When the cyclic thionocarbonate 

lb was reacted in the same condition, diethyl @)-malate (2b)*1’.~, +9.4 (c, 

0.14, EtOH) was obtained as the sole product (entry 2). The cyclic thionocarbonate 

lb was also converted to diethyl (R)-malate (2b) with magnesium (2 equiv.) and 

iodine (2 equiv.) in refluxing acetonitrile (Method B, entry 3). Treatment of the 

cyclic thionocarbonate l c  with magnesium iodide provided diisopropyl @)-malate 

1:2c)~, [a]? + 1 1 2  (c, 0.18, EtOH) in 89% yield (entry 4). Also, diisopropyl (R)- 

malate (2c) was synthesized from the cyclic thionocarbonate l c  with magnesium 

and iodine condition (entry 5). However, the reaction of the cyclic thionocarbonate 

lb  with magnesium bromide did not give diethyl (R)-malate (2b). Only small 

amount of bromo malate was obtained. 

In summary, unnatural (R)-malates, versatile chiral building blocks for the 

synthesis of natural product, were synthesized from the natural L-tartrates. 

Experimental Section 

General procedures 

Method A : To a stirred solution of the cyclic thionocarbonate la  (200 mg, 0.91 

mmol) in acetonitrile (5ml) under nitrogen atmosphere was added M g 4  (505 mg, 

1.82 mmol) and the reaction mixture was heated at reflux for 30 min. The mixture 

was quenched with saturated Na$.,O, solution (10ml) and then extracted with 

CH,Cl, (2X20mL). The organic layer was dried over anhydrous MgSO, and 

evaporated in vucuo. The crude product was separated by SiO, column 

chromatography (EtOAdhexanes 1 : 1, & = 0.52) to give 2a (88 mg, 60%). 
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846 RHO 

Method B : To a slurry of magnesium (30 mg, 1.62 mmol) in acetonitrile (4ml) 

under nitrogen atmosphere was added I, (411 mg, 1.62 mmol) and the cyclic 

thionocarbonate l b  (200 mg, 0.8 1 mmol) in acetonitrile (lml). The reaction mixture 

was heated at reflux for 35 min. The mixture was quenched with saturated N%$O, 

solution (10ml) and then extracted with CyCl,  (2X20mL). The organic layer was 

dried over anhydrous MgSO, and evaporated in vucuo. The crude product was 

separated by SiO, column chromatography (EtOAdhexanes 1 : 1, R, = 0.56) to 

give 2b (120 mg, 78%). 
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