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Abstract - The novel synthesis of 3-DPA lactone, which is known as a potent 

food intake-control substance, via tandem cyclization reaction of acetonide 

protected methyl 4,5-dihydroxy-2-chloroglycidate is described.

The 2-hydroxylated butyrolactone moiety is an important component of large number of natural 

compounds which demonstrate a wide range of biological activity.1 For example, some 

4-alkyl-2-hydroxybutyrolactones are known as food intake-control substances.1a,b Among them, (2S, 

4S)-2-hydroxy-4-hydroxymethylbutyrolactone (1) (3-DPA lactone) is a natural food intake-control 

substance.2  
 
On the other hand, our group has reported the novel and effective method for the synthesis of 

3-hydroxy-2-pyrones from acetonide protected 4,5-dihydroxy-2-chloroglycidic esters by the reaction with 

magnesium halides in aprotic solvent.3 With our more profound investigation of this field, we found that 

isotetronic acid (3) was obtained when this reaction was carried out in the protic solvent such as H2O, 

MeOH and EtOH (Figure 1).   
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Figure 1. 

 

There are various reported methods for the synthesis of isotetronic acid.4 But concerning with the 
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synthesis of halogen substituted isotetronic acid, only a few methods are reported.5 Furthermore this kind 

of one pot rearrangement-cyclization reaction is very unique. Here, we report the novel synthesis of 

3-DPA lactone via acetonide protected methyl 4,5-dihydroxy-2-chloroglycidate with magnesium chloride. 
 
Methyl 2-chloroglycidate (2) was prepared from acetonide protected glyceraldehyde6 via the Darzens 

condensation reaction of dichloroacetate.7 Treatment of acetonide protected glyceraldehyde and methyl 

dichloroacetate with tBuOK in THF provided 2 as two diastereomeric mixture in 74% yield after 

purification by silica gel flash chromatography (Scheme 1). 
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Scheme 1.  

 

Then, we investigated the solvent effect on the synthesis of isotetronic acid (3) from 2-chloroglycidic 

ester (2) (Figure 1, Table 1). When water was used as a solvent, 3 was obtained in 41% yield (entry 1). 

Then we examined alcohol as a solvent and we found that 3 could be obtained in good yield when 2 was 

treated with MgCl2 in MeOH at 50 oC (entry 4). 

 

Table 1.  Tandem cyclization reaction of 2-chloroglycidic ester 2. 

Entry Solvent Temp. Time (h) Yield of 3 (%) 
1 H2O reflux 2 41 
2 MeOH reflux 7 50 
3 EtOH reflux 3 37 
4 MeOH 50 30 81 
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Scheme 2.  
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Plausible mechanism for furnishing 3 from 2 is shown in Scheme 2. At first, as reported, 2-chloroglycidic 

ester (2) was transformed to 3-chloro-2-keto ester (4) in the presence of magnesium chloride.8 Then, the 

deprotection of acetonide group and the following nucleophilic attack of the hydroxyl group to the 

carbonyl carbon was occurred. Finally, the tautomerization of the resulted compound furnished 3.  
 
Then, we investigated the synthesis of 3-DPA lactone (1) from isotetronic acid (3) (Scheme 3). When 3 

was treated with hydrogen in the presence of Pd/C in EtOH at room temperature, it was found that carbon 

double bond as well as chlorine atom was reduced, and desired 3-DPA lactone (1) was furnished in 81% 

yield at one step. Furthermore, by the same method reported in this paper, 3-DPA lactone derivative (6)9 

also could be synthesized from prepared acetonide protected glyceraldehyde derivative (5)10 (Scheme 4). 
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Scheme 4.  

 

In conclusion, we have developed an efficient and novel method for the synthesis of 3-DPA lactone and 

its derivative via tandem cyclization reaction of acetonide protected methyl 

4,5-dihydroxy-2-chloroglycidate. 
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EXPERIMENTAL 

NMR spectra were recorded on JEOL JNM-AL300 instrument and calibrated using residual undeuterated 

solvent as an internal reference. IR spectra were recorded on a Thermo Nicolet Avatar 360T2 infrared 

spectrophotometer. Elemental analyses were performed on Perkin-Elmer 2400 series Ⅱ  CHNS/O 

analyzer. For thin layer chromatography aluminum sheets Merk silica gel coated 60 F254 plates were 

used and the plates were visualized with UV light and phosphomolybdic acid (5% in EtOH). Merck silica 

gel 60 N (spherical, neutral) (40-50 μm) was used for the flash chromatography. Melting points were 

obtained in open capillary tubes on a Mel-Temp-II hot stage microscope. THF was distilled from sodium 

wire/ benzophenone before use. All other chemicals were used as received.  
 
General procedure for the synthesis of 2 and 7 (synthesis of 2): To a stirred solution of 

2,3-O-(isopropylidene)-D-glyceraldehyde (2.13 g, 16.4 mmol) and methyl dichloroacetate (2.25 g, 15.8 

mmol) in 45 mL of freshly distilled THF was added t-BuOK (2.13 g, 19.0 mmol) at -40 oC under 

atmosphere of nitrogen, and the reaction mixture was kept same temperature for 10 min. Then the 

reaction mixture was allowed to warm to 0oC and saturated NH4Cl solution (45 mL) was added. After the 

organic layer was extracted three times with EtOAc, the combined organic layer was washed with brine 

and dried over MgSO4. After evaporation, the crude product was purified by column-chromatography 

(hexane/EtOAc 30:1) to give 2 (2.76 g, 74%) as two diastereomeric mixture (1.1:1). 

Methyl 3-chloro-2,3-epoxy-4,5-O-isopropylidenepentanoate (2). Major isomer: colorless oil; [α]D
21 

21.3o (c 1.73, CHCl3); 1H NMR (300 MHz, CDCl3) δ 1.39 (s, 3H), 1.49 (s, 3H), 3.51 (d, J=7.2 Hz, 1H), 

3.87 (s, 3H), 3.92 (dd, J=5.4, 8.1 Hz, 1H), 4.10-4.30 (m, 2H); IR (neat): 1756, 1252, 1069, 842 cm-1. Anal. 

Calcd for C9H13O5Cl: C, 45.68; H, 5.54. Found: C, 45.64; H, 5.59. 

Methyl 3-chloro-2,3-epoxy-4,5-O-isopropylidenehexanoate (7). Major isomer: pale yellow oil; [α]D
22 

-23.3o (c 1.36, CHCl3); 1H NMR (300 MHz, CDCl3) δ 1.43 (d, J=6.3 Hz, 3H), 1.45 (s, 3H), 1.46 (s, 3H), 

3.45 (d, J=8.1 Hz, 1H), 3.77 (t, J=8.1 Hz, 1H), 3.87 (s, 3H), 4.11-4.19 (m, 1H); IR (neat): 1756, 1262, 

1053, 855 cm-1. Anal. Calcd for C10H15O5Cl: C, 47.91; H, 6.03. Found: C, 47.63; H, 6.07. 
 
General procedure for the synthesis of 3 and 8 (synthesis of 3): To a stirred solution of the 

2-chloroglycidic ester (2) (50 mg, 0.21 mmol) in MeOH (2 mL) was added magnesium chloride (80 mg, 

0.84 mmol), and the reaction mixture was heated to 50oC for 30h. Then the reaction mixture was allowed 

to cool to room temperature. After evaporation of MeOH, distilled water (2 mL) was added and the 

organic layer was extracted three times with EtOAc. The combined organic layer was dried over MgSO4 

and concentrated. The crude product was purified by column-chromatography (hexane/EtOAc 2:1) to 

give 3 (28 mg, 81%). 
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4-Chloro-3-hydroxy-5-hydroxymethyl-5H-furan-2-one (3). White crystal; mp 152-154oC; [α]D
24 25.8o 

(c 0.74, MeOH); 1H NMR (300 MHz, CDCl3+ CD3OD) δ 3.77 (dd, J=3.9, 12.6 Hz, 1H), 4.03 (dd, J=2.4, 

12.6 Hz, 1H), 4.24 (br, 2H), 4.87 (dd, J=2.4, 3.9 Hz, 1H); IR (neat): 3326, 1757, 1705, 1298, 1172, 1125 

cm-1. Anal. Calcd for C5H5O4Cl: C, 36.50; H, 3.06. Found: C, 36.14; H, 3.09. 

4-Chloro-3-hydroxy-5-(1-hydroxyethyl)-5H-furan-2-one (8). White crystal; mp 132-134oC; [α]D
24 

-64.7o (c 0.62, MeOH);1H NMR (300 MHz, CDCl3+ CD3OD) δ 1.41 (d, J=6.6 Hz, 3H), 2.5 (br, 2H), 4.12 

(dq, J=2.1, 6.6 Hz, 1H), 4.66 (d, J=2.1 Hz, 1H); IR (neat): 3408, 1773, 1748, 1675, 1129 cm-1. Anal. 

Calcd for C6H7O4Cl: C, 40.36; H, 3.95. Found: C, 40.37; H, 3.95. 
 
General procedure for the synthesis of 1 and 6 (synthesis of 1): A solution of the isotetronic acid (3) 

(20 mg, 0.12 mmol) in EtOH (2.5 mL) was vigorously stirred under hydrogen atmosphere in the presence 

of 10% Pd-C (4 mg) for 8 h at rt. The heterogeneous mixture was then filtered through celite and the filter 

cake was washed with EtOH. The combined organic solution was concentrated and then the crude 

product was purified by column-chromatography (hexane/EtOAc 1:1) to give 1 (13 mg, 81%). 

3-DPA lactone (1).1a Colorless oil; [α]D
29 22.5o (c 0.33, MeOH) {lit.,1a [α]20

D -23.2o (c 3.61, MeOH)}; 1H 

NMR (300 MHz, CD3OD) δ 1.98 (ddd, J=10.8, 10.8, 12.3 Hz, 1H), 2.54 (ddd, J=5.7, 8.7, 12.3 Hz, 1H), 

3.59 (dd, J=5.1, 12.3 Hz, 1H), 3.80 (dd, J=3.0, 12.3 Hz, 1H), 4.42-4.51 (m, 1H), 4.56 (dd, J=8.7, 10.8 Hz, 

1H); IR (neat): 3394, 2923, 1769, 1329, 1201, 1127, 993, 958, 900 cm-1.  

3-Hydroxy-5-(1-hydroxyethyl)dihydrofuran-2-one (6).9 White crystal; mp 84-85oC (lit.,9 mp 85-86 

oC) ; [α]D
25 -52.6o (c 0.38, H2O) {lit.,9 [α]20

D -50.8o (c 1.2, H2O)}; 1H NMR (300 MHz, CD3OD) δ 1.26 (d, 

J=6.3 Hz, 3H), 2.02 (ddd, J=9.6, 9.6, 12.6 Hz, 1H), 2.58 (ddd, J=6.0, 8.7, 12.6 Hz, 1H), 2.72 (br, 2H), 

3.75-3.83 (m, 1H), 4.22-4.29 (m, 1H), 4.50 (dd, J=8.7, 9.6 Hz, 1H); IR (neat): 3387, 1766, 1331, 1202, 

1132, 999, 970, 913 cm-1.  
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