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Abstract — A new method for preparation of (8)-5-hydroxy-2-penten-4-

olide 1 and (8)-5-hydroxypentan-4-olide 8 starting from levoglucosenone

2 is described.

(S) -3-Hydroxy-2-penten-4-olide 1 is a very useful chiral source for synthesizing
natural products because of its highly functionalized structure containing one
chiral center.l Despite several syntheses of 12 being known, an efficient method
to produce a large quantity has been unknown. In this paper, we report a new
method for convenient preparation of 1 from levoglucosenone 2.3 as can be seen
from Scheme 1, leveglucesencne 2 has an adequate functionalized framework for this

purpose with the exception of one carbon atom.
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Shafizadeh et al.? has previously reported the Baever Villiger oxidation of 2 with
mCPBA. They suggested that the oxidation product was not B but A based on uv and
ir spectral data. We noted that this lactone A was a good precursor of 1. We

proceeded by investigating the Baeyer Villiger oxidation of 2 carefully and in

detail.
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The result showed that the formic ester 35 was the main product (59 %) when
Shafizadeh's procedure was used. In addition, carbonate 4% was obtained as a
minor product (1€ %) (Scheme 2). To aveid a complicated oxidation process, other
peracids were examined. The best result was obtained by using peracetic acid, and

a new preparation method of the butenolide 1 was established (Scheme 3).
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A typlcal procedure is as follows: To a solution of levoglucesenone 2 (15 g, 119
mmol) in acetic acid (60 ml), 1.2 molar equivalent peracetic acid (ca, 40 % in
acetic acid) was added over 30 min. The mixture was stirred for 2 davs at room

temperature. Dimethyl suifide ( 1.4 ml, 1% mmol) was added to the mixture. After

1 h, the reaction mixture was concentrated in vacug. The residue contained
butenolide 1 and a small quantity of formate 3 (about 10%). To the residue

methanol (50 ml) was added and the mixture was stirred overnight at 45°C in order

to convert the formate 3 into the free (3)-5-hydroxy-Z2-penten-4-olide 1

completely. If necessary, a small amount of HC1l could be added to the mixture.
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The methancol scolution was concentrated 1n vacuo and butenolide 1 was obtained as
brown oil.” The nmr analysis of this crude 1 showed only a single product. The
optical rotation value of the corresponding acetate 5% indicates its high optical

purity. The total yield from 2 was 65 %.

This method was also applied to the preparation of (8)-5-hydroxypentan-4-olide 8.
The oxidation of the dihydrclevogluccsenone 69 proceeded very fast. The excellent
efficiency of this procedure was demonstrated in the high total yield (87 %) of 9

from 2.10
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57.1, 75.3, 7%.%, 127.9, 151.1, 160.3, 171.2.

Ir (film) V em~! 3450, 1750, 1600; lH-nmr ( CDCl3z, 300 MHz): & 3.80(1H, dd,
J=5.0, 12.2 Hzy, 4.00(1H, dd4, J=3.8, 12.2 Hz), 5.17(1H, m), 6.22(1H, dd4,

J=2.1, 5.7 Hzy, 7.50(1H, dd, J=1.5, 3.7 Hz}.

bp 96°C/0.3 torr; [®]lp -126°(c 3.56, 23°C, CHCl3) ([alp -123.6° (c 3.68,
20°C, CHC13} was reported in ref.[5]); ir (film) veml 1740¢s), 1600(w),
1230(s); lH-nmr ( CDCl3, 300 MHz): & 2.0B(3H, s), 4.35{(2H, m), 5.25(1H, m),

6.23(1H, dd, J=2.1, 5.8 Hz), 7.45(1H, dd, J=1.6, 5.8 Hz}

IUPAC name, 1,6-anhydro-3,4-dideoxy-P-D-glycerc-hexopyranos-2-ulose. F.

Shafizadeh and P. S. Chin, Carbohydr, Res., 1977, 58, 79

Dihydrolevoglucesencne 6 {7.32 g, 57.2 mmol) in acetic acid (25 ml) was
treated with 40% peracetic acid (8 ml) below 30°C for 1 h. After the
mixture was stirred for 1 h at room temperature, dimethyl sulfide (0.23 ml)
was added and the mixture was stirred for an additicnal 20 min. The solvent
was evaporated in vacuo. The crude butyrolactone was treated with MeOH (50
ml) and conc. HC1 (2 ml}) overnight at 45°C. The solvent was evaporated in
vacug to provide 8 (6.7 g), ir v em™l 3400, 2950, 1770, 1180, 1060; ld-nmr (
¢bCclz, 300 MHz): & 2.1~2.353(2H, m), 2.5~2.7(2H, m), 3.65(1H, dd, J= 4.0, 12.0
Hz), 3.92(1H, dd, J= 3.2, 12.0 Hz}. The S5-benzoate 9 (12.2 g, 97.3 % yield)
was cbtained from 8 (6.7 g), benzoyl chloride (8.85 g} and pyridine (70 ml};
mp 60~60.5°C; [otip +49.7° {c 1.03, 25°C, EtOH); ir (film) v em~1 1780,

1730 (sh); lH-nmr ( CDC13, 300 MHz): & 2.15 (1H, m), 2.45(1H, m), 2.63(24, m),
4.44¢1H, dd, J=5.3, 12.3 Hz}, 4.55¢(1R, dd, J= 3.2, 12.3 Hz}), 4.90(1H, m),
7.45(2H, t, J=7.5 Hz}, 7.59(1H, t©, J=7.5 Hz), 8.03(2H, d, J=7.5Hz). M.
Tanliguchi et al. {ref.[1]) synthesized 9 and reported [0lp +48.2° mp

59~60.5°C.
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